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PREFACE TO THE THIRTEENTH EDITION 


This book has been compiled with three general classes of readers in mind, Le., the 
student, the repairman, and the car owner. 

Uppermost in the mind of the author has been the needs of the student—the man 
who is seeking to master the many mechanical and scientific principles involved in the 
completed automobile. The plan of the book is to present this information in the form of 
Instructions, in place of the conventional chapters. If the student will proceed systemati- 
cally through the book, digesting each Instruction before passing to the next, and if, in addi- 
tion, he can have a car available for practical demonstration and experiment, he should 
emerge at the end with a mind stored with all the necessary facts and principles to make of 
him a fully equipped car mechanic. 

The one great aim of the author has been to make the book practical. Fundamental 
principles are necessarily discussed in every case, but always in the light of their practical 
relation to the subject involved. Mere technical discussions are entirely avoided. 

To make the book as practical as possible, the underlying principles involved in each 
subject are first discussed. The truck and the tractor are each related to the automobile, 
and hence they are given full space in the general scheme of the book. The scientific 
principles embodied in the highly developed cars of today underlay the earlier designs, 
now discarded. Hence many of the old designs are illustrated and discussed, in order that 
the developed designs of the modern type may be thoroughly understood. 

When once the student has mastered the fundamental principles, he will understand 
the various developments now on the market, no matter how diversified they are. And, 
by way of additional assistance, the book undertakes to point out the differences in method 
employed by the different makes of cars now in use. 

The Index is so complete as to enable the reader to put his finger on any subject, even 
though it is discussed on several different pages or is illustrated at different points. Famili- 
arity with the Index is urged as a means of greatly increasing the usefulness of the book. 
The Table of Contents and the Index, used intelligently, will quickly lead the reader to any 
subject on which information is sought. It may be well, however, to add that the book 
embodies thirteen principal sections: 


J. ASSEMBLY OF THE AUTOMOBILE 
Il. Tae AvuToMoBILE ELEcTRIC SYSTEMS 
Ill. Tue Storace Batrery 
IV. Wiring DriacRamMs 
V. IGNITION AND CARBURETION 
VI. Tires 
VII. GARAGE AND SHOP EQUIPMENT 
VIII. REPAIRING AND OVERHAULING ENGINE AND CAR 
IX. Oxy-AcETYLENE WELDING 
X. CoMMERCIAL CARS 
XI. TRacrors 
XII. Forp Car, TRacTor, ETC. 
XIII. Data; Spectricatrons; HoRSEPOWER; UsreruL INFORMATION 


These are supplemented by special instructions and illustrations on the Ford car and 
_ the Ford wiring circuits; the Aeroplane and the Liberty engine; the Continental engine; 


the Dixie magnetos; Engine Construction. 


iv PREFACE TO THE THIRTEENTH EDITION 


In short, the student will find the entire field so comprehensively covered that, no 
matter what may be his need for information, it can be found. 

And, since every student is a potential repairman, it has been the serious endeavor of 
the author to make the book a complete book of instruction embodying all the accumulated 
knowledge of car builders, engineers, and master mechanics engaged in the automotive 
industry. 

If the book is used by the repairman as it should be used, he will have it always available 
for immediate reference, at the bench as well as at home. If he will use the book intelli- 
gently, in the light of what has been said, he will find practical suggestion and advice cover- 
ing every question that he will encounter in the shop, in the garage, or on the road. The 
book will save him from errors of judgment and from overlooking the real cause-of trouble 
in a car; and it will serve to teach him things that he does not know, or methods that are 
time-saving and economical. 

The average car owner is in much the same situation as the student, in his need of the 
necessary knowledge to enable him to meet emergencies with intelligence, and to maintain 
his car without relying on advice from others. 

Every driver of a car should realize that in an emergency his trouble may be any one of 
a possible thousand or more. How is he to detect the nature of his trouble, or to tell what 
must be done? This book enables him, without loss of time and without annoying experi- 
ment, to put his finger on the specific defect, and tells him what to do as permanent repairs 
or asa temporary remedy. A free use of the book makes him ‘‘master of his fate.” 

Extremely few car owners attempt even the simple repairs needed on their cars. They 
lack the information necessary to decide what is wrong and how it should be remedied. To 
this class the advantage of this book lies in telling them what work ought to be done on 
the car, and, if done by a repairman, whether it has been done right. A study of the book 
at spare intervals will give the car owner information by which to diagnose his own car 
troubles, and to determine the extent of the repairs needed. The advantage to the man 
who knows these things is incalculable. 


This, the 13th edition, has been completely re-written. Moreover, the thousands of 
illustrations have been assembled with a view to showing graphically every point dis- 
cussed. Many of these are not drawn to scale; the exaggerations that they show are 
intentional, in order to bring out clearly the point discussed and the principle involved. 

The author has drawn freely on the accumulated knowledge of that highly intelligent 
body of men who together represent the many branches of the automotive industry. He 
is glad to take the opportunity afforded here of expressing his profound gratitude for the 
generosity and co-operation with which each one of them has placed his own special knowl- 
edge at the author’s disposal. 

The author is equally under heavy obligations to the several trade journals of the 
automotive industry. His warm personal relations with the various editorial staffs and 
the free drafts that he has made on their pages are appreciatively and gratefully recognized. 
The present is an opportunity that is gladly availed of to enable him to express his sense 
of gratitude and friendship covering personal relations of many years’ standing. Speci- 
fically, the author is indebted to The Automobile (New York), Motor Age (Chicago), Motor 
World (New York), and Automobile Dealer and Repairer (New York). While credit is 


given in the following pages wherever it is due, it is a pleasure to the author to express his 
obligations in a comprehensive manner. 


Sr. Louis, Mo. A. L. Dyke 


September 15, 1922 
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Fig. 2 


A Truck 


The principle of the truck is similar to the principle 
of a passenger car type of automobile. 


The engine is usually a four-cylinder type of 
engine, for reasons explained under the Truck 
Instruction. (See Index.) The truck engine is a 
slower-speed engine than the automobile engine. 
The average maximum speed of a truck engine is 
900 to 1,000 r.p.m. The engine speed is controlled 
by a hand throttle and foot accelerator, as in the 
case of the automobile engine, but a governor is 
employed, for reasons stated under the Truck 
Instruction, which is to prevent undue “racing” of the 
engine when changing gears or releasing the clutch. 


By governing the engine speed, the car speed is 
also limited. For instance, the governor can be set 
to govern the engine speed at 950 r.p.m., which gives 
a maximum car speed of 14 m.p.h., which is the aver- 
age speed of a heavy-duty truck. 


The speed of a passenger type of automobile 
varies from 114 m.p.h. to 50 or 60 m.p.h., and a 
governor is not employed. The engine speed of a 
passenger type of automobile varies from 150 r.p.m. 
to as high as 2,500 to 3,000 r.p.m. The truck, how- 
ever, being designed for commercial use, must neces- 
sarily be more efficient; hence the employment of 
a governor. 


All complicated devices are eliminated on a truck, 
for the sake of efficiency. For instance, the electric 
starting motor is seldom used. Instead, the engine 
is cranked by hand in connection with an “impulse 
starter’ (see Index). Instead of a coil, battery, 


vi 


generator, cut-out, timer, and distributor being 
used for ignition, a high-tension magneto is usually 
employed. The gravity fuel-feed system is used 
instead of a vacuum or pressure feed. The tubular 
type of radiator for cooling is used instead of the 
cellular type. The cellular type, as generally used 
on automobiles, is more artistic in appearance, but 
the tubular type has larger openings, is less lable 
to clog, and is easier to repair. 


The drive method usually depends on a propeller 
shaft connected with (D) to a worm gear (W) to a 
worm-driven gear (WG) on the differential. The 
worm gear gives a greater reduction and is silent 
and possesses enormous strength. 


The rear axle is usually a full-floating “live” axle. 
Axle shafts (A) are split and the inner ends are con- 
nected to differential gears and the outer ends to 
the hub flange (F). 


The transmission is usually a three-speed forward 
and reverse, and is similar to an automobile trans- 
mission, but of heavier construction. Gear ratios: 
On the truck shown above: on first speed, rear 
wheels make 1 revolution to every 24 of the crank 
shaft of the engine; on second speed, 1 to 13.6; on 
high speed, 1 to 8. 


The clutch used on the truck shown above is a 
dry-plate multiple-disk type. The disk type of 
clutch is extensively used, as is also the cone type 
of clutch. 


The tires on the truck illustrated are solid 34’’ x 
4” single, in front; 36’ x 7” in rear. The “dual” 
solid tire, also the ‘“Spneumatic cord” truck tire is also 
extensively used. 


The steering gear used on the truck shown above 
is the Ross; see Index under ‘Steering devices.” 


From the foregoing specifications of a truck and 
after a study of this book, it will be noted that a 
truck differs only in a few details from the principle 
of the passenger-car type of automobile. 


1 


Four Cylinder 
Engine Placed 


Crosswise of Frame 


or piper IO 


A Tractor 


The purpose of a tractor is explained in the Tractor 
Instruction. Note that in addition to doing tractor 
work, such as pulling plows or other drawbar work, 
it is also possible to do belt work, such as operating 
threshing machines, etc. 


The illustration above is that of a four-cylinder 
engine tractor. Most all tractor engines are four- 
cylinder, for reasons explained under the Tractor 
Instruction. 


The construction of a tractor differs considerably 
from that of an automobile or truck, but the same 
underlying principles of the engine and drive system 
are employed. 


The engine used on a tractor is a slow-speed 
engine, and has usually a long stroke. This partic- 
ular tractor engine has a bore of 414 in. and a 6 in. 
stroke. A governor is employed for the purpose 
explained under the subject of “Governors.” The 
speed of the engine is governed to 900 r.p.m. 


The ignition is usually a high-tension magneto, with 
an “impulse starter” (see Index for explanation of an 
impulse starter). Most tractor engines use magneto 
ignition for reasons stated in the Tractor Instruction. 


The tractor engine operates for long periods of 
time at full power. Therefore it must be built 
heavier and more substantial than the automobile 
engine, as, for instance, in the bearings, etc. 


The fuel is usually gasoline to start with and kero- 
sene to run on after the engine is started and 
thoroughly heated. The heating of a tractor engine, 
in order to use kerosene or low-grade fuels, is a 
very important factor, 


Drive system: The engine on the tractor shown 
above is a four-cylinder, vertical type, mounted 
transversely on the frame. The power from the 
crank shaft is transmitted to the spur-gear trans- 
mission by means of a clutch. From the transmis- 
sion, power is transmitted to the rear axle by means 
of a spur-gear drive. The differential is employed 
as shown in the illustration. Power is transmitted 
to both rear wheels, which are 52 in. in diameter and 
have a 12-in. face. 


The speed of the average tractor is 2 m.p.h. on 
slowest speed, and 234 m.p.h. on high speed (see also 
Index under ‘“‘Tractors’’). 


The belt power is obtained from a 16-in. pulley 
mounted on an extension of the engine shaft, and 
runs therefore at engine speed—900 r.p.m. 


The tractor illustrated (the Case 15-27 h.p. trac- 
tor) has a wheel base of 7614 in., and its overall 
dimensions are: length, 126 in.; width, 72 in.; 
height (without exhaust pipe), 68 in. The shipping 
weight is 5,500 Ibs. 


The tractor pulls three 14-in. plows in tough sod, 
or four plows under usual conditions. It is also 
adapted for other drawbar work, requiring a similar 
amount of power, and it will operate either a 20 x 36- 
in. or a 26 x 46-in. thresher (belt work). 


It will be observed that the tractor, while it differs 
widely in construction, from that of the truck or 
passenger car automobile, is, in many respects, simi- 
lar in principle, the main difference being in the drive 
system and fuel used by the engine. 
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ASSEMBLY OF THE AUTOMOBILE 


The automobile is made up of four component units: the running gear, the power plant, the drive 
system, and the control members. 

These parts are subdivided into other units, and each of these will be treated separately farther on. 
Although the construction of the different makes of cars may vary, the principle or purpose of the parts 
remains the same. 
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Fig. 1. The running gear, consisting of the front and rear axles, springs, pressed steel frame, and steering device. The main 
gasoline tank is shown attached. 
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Fig. 2. The power plant is now suspended on the frame of the runnin I anti is ex i 
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Fig. 3. The drive system is now attached. Thi i i : 
of the torsion tube. On many tare the dene ar ae 8 consists of a propeller or drive shaft encased with a universal joint inside 


peller shaft is not encased. The above is termed the chassis. 
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INSTRUCTION No. 1 
ASSEMBLY OF THE AUTOMOBILE 


GENERAL EXPLANATION 


The Kinds of Motor Cars 


There are three different kinds of motor cars: 
first, the gasoline motor car; secondly, the steam 
car; thirdly, the electric car. 


The gasoline motor car is by far the most popular 
and it is with this that we are mainly going to deal. 


_ The steam car, silent, smooth, and easy on tires 
is comparatively seldom seen. 


The electric car, almost invariably in the form of 
a brougham or coupé, is heavily handicapped by 
being unable to run for more than a few hours with- 
out a fresh charge of electricity from its head- 
quarters, and is in less general use. 
will be devoted to the car with the gasoline engine 
for the motive power. 


The Component Parts of a Motor Car 


A car may be made up as a whole of two distinct 
parts, the body and the chassis. : 


The body, which is the work of the body builder 
and which has been brought by him to a wonderful 
pitch of perfection, hardly concerns us, so we will 
unscrew the half-dozen or so bolts that secure it 
to the frame of the chassis and stand it to one side 
—for the present, at least—so that we can examine 
the chassis underneath. 


The chassis is the entire car (Fig. 3, opposite), with 
the exception of the body. The chassis, for our pur- 
pose, must also be divided into its main parts as 
follows: the running gear, the power plant, the 
transmission system, the control system, the equip- 
ment and accessories. 


The running gear consists of parts as follows: 
front and rear axles, wheels, springs, frame. 


The power plant (Fig. 2, opposite), consists of 
parts as follows: the motor with its fuel system, the 
carburetion system, the ignition system, the cool- 
ing system, and the lubrication system. 


The drive system consists of parts as follows: the 
clutch, the change-speed gears, the drive shaft with 
its universal joints, and the differential. 


The control system consists of parts as follows: 
the steering device, the throttle and spark control, the 
hand levers, the foot pedals, and the brake system. 


The construction of the parts of a motor car may 
vary, but their purpose is the same. While it is 
true there are hundreds of different firms making 
automobiles, they all employ in the construction of 
their cars the parts enumerated under the various 
headings. For instance, one manufacturer may 
suspend the power plant on the main frame, others 
use a sub-frame; some use a clutch of the cone type, 
others use a clutch of the multiple disk type—but 
they all use frames and they all use clutches. 
Farther on we shall explain the different construc- 
tions involved in these parts; but bear in mind that 
the fundamental principle or purpose of each part 
does not change. 

As we progress, the reader will gain an idea of 
the different constructions of the component parts 
now in general use. For instance, there are two 


Our attention” 


kinds of front axles in general use: the tubular type 
and the solid type. There are two types of con- 
struction of rear axles in general use: the live axle 
which revolves and is driven by a bevel gear and 
pinion, and the dead axle which does not revolve, 
but on which the wheels are driven by chain and 
sprocket; and so on, throughout the whole construc- 
tion of a car. 


It is now clear that if the reader masters the 
principle and purpose of these parts, it will be no 
difficult matter to understand the variations in 
construction, and when he has completed the study 
of the various constructions he will have gained 
sufficient knowledge to enable him to understand 
the construction of all cars. 


Purpose of the Parts of the Running Gear 


The front wheels run free on the axle, and guide 
the car. They are called the guiding wheels and 
are moved from side to side by means of a steering 
device, and the direction of the car is controlled in 
this manner. The rear wheels are revolved by the 
engine and drive the car. 


The front axle is fitted with steering knuckles on 
which the guiding wheels run. These steering 
knuckles are moved by means of a rod which con- 
nects to the steering device. The front axle is 
fitted with spring blocks and spring clips which hold 
the springs in place. 

The rear axle revolves. The housing over the 
axle is fitted with spring blocks and clips similar to 
the front axle, that is, if it is a “live’’ axle. 


The springs act as a cushion and protect the 
machinery and the occupants of the car from undue 
vibration and shock. ‘They also hold the frame. 


The frame of an automobile is made of pressed 
steel and is the foundation which supports the power 
plant, change gears, levers, steering device, fuel 
tank, body, etc. Each part is bolted to the frame 
and is kept in proper relation to each of the other 
parts. The frame is usually hung, with the springs 
resting on the axles, as shown in Fig. 1, and is 
called the ‘“overslung” method of frame suspension. 
Sometimes the springs are fastened below the axles, 
called the ‘‘underslung”’ method. 


In the upper illustration is shown the ‘‘overslung” 
on the majority of the cars 


Fig. 1. t per il 
spring suspension which is used J 
today. Note that here both front and rear springs and also 


the frame are above the axles. In the lower illustration is 
shown the “underslung,” a form of spring suspension in which 


the frame is above the axles, but with the springs below, a . 


method seldom used. A popular spring system is the cantilever. 


A sub-frame is sometimes placed inside of the 
main frame to support the power and drive plant. 


The steering device is usually attached to the 
frame. By turning the steering wheel, the car is 
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guided through the control of the direction of the 
front wheels. 


Brakes are fitted to automobiles for stopping or 
slowing down, and are usually fitted to a drum on 
the hubs of the rear wheels. 


Purpose of the Parts of the Power Plant 


The engine furnishes the power that drives the 
car. It is usually located in the front part of the 
frame, if it is a multiple-cylinder type of engine. 


Suspension. Multiple cylinder engines usually 
have four, six, eight, or twelve cylinders. If of the 
double-cylinder opposed type, it is usually placed 
across the frame. If a multiple cylinder, “single- 
unit power plant,” it is usually suspended at three 
or four points. This is called “three-point” or 

- “four-point”’ suspension. 


The carburetor mixes air with gasoline, and is 
connected direct to the intake pipe on the engine. 
The carburetor is connected to the feed pipe from 
the gravity tank. 


The gasoline tank is usually placed under the 
seat or at the rear of the car, and gasoline is fed to 
the carburetor through a small pipe or by the 
vacuum system (as explained under Carburetion). 


The exhaust pipe connects to the exhaust mani- 
fold and runs to the muffler, which is usually placed 
at the rear of the car. The exhaust pipe permits 
the burned gases to escape. The muffler, placed at 
the extreme end of the exhaust pipe, silences or 
mufiles the noises from the explosions in the engine 
cylinders. 


The ignition system is a part of the electric plant. 
It consists either of a storage battery and coil, dry 
cells and coil, a generator, ora magneto. The coil and 
battery electric system was formerly placed on the 
dash, while the magneto or generator is placed on 
the engine and is run by the cam shaft or crank 
shaft, through the medium of silent chains. The 
modern coil and battery system with a timer and 
distributor is now placed on the engine. 


The cooling system consists of the radiator, water 
pipes, circulating pump and fan. The object of the 
cooling system is to keep the engine from getting too 
hot when the explosions take place inside of the 
cylinders. 


The lubrication system of the engine is for the 
purpose of keeping the bearings and rings and other 
moving parts from wearing. This subject as well 
as the others mentioned will be treated separately, 
farther on. 


Purpose of the Transmission and How the 
Rear Axle Shafts Are Revolved 


The transmission, or the speed-change gears, is 
that part which transmits the power from the engine 
to the driving wheels through a system of speed- 
change gears. 


A clutch is placed between the engine and the 
transmission; this permits the engine to run free, 
or, when “thrown in,” connects the engine to the 
change-speed gears and drives the car. The clutch 
is operated by a foot pedal and is thrown “in” or 
“out” by the driver. 

In a locomotive, the piston rods are connected direct with 
the wheels, through the medium of the cross-head, and con- 
necting rod, so that when steam is applied the locomotive 
moves. In an automobile, the engine may be disconnected 
from the transmission by means of the clutch, so that the 
motion of the transmission or of the entire car may be stopped 
without stopping the engine. 


Change-gear principle: When a bicyclist wants 
to race on‘a level track he gears his wheel up high, 
so that one revolution of the crank takes him the 
greatest possible distance. Yet if he takes this 
wheel on the road and encounters a hill, he must 
get off and walk or exert an extra lot of power—he 
needs a wheel geared lower. 


In the same way, when an engine is required to 
do more than ordinary work, as climbing a hili, the 
transmission or change-speed gear contains from 
two to four changes of gears and helps out the 
engine by changing to the gear ratio requiring 
less motive power. It allows the car to move at 
various speeds while the speed of the engine is 
unchanged. 


When in low gear, the engine makes quite a num- 
ber of revolutions (10 or 15), while the wheels re- 
volve once, which makes the car move forward 
slowly, but with considerable force, so that it can 
go up 2 steep hill or through sand or mud. 


When in second or intermediate gear, the engine 
makes from 7 to 12 revolutions to one revolution of 
the wheels, which moves the car faster than the low 
or first change of gears, but with less force. 


When in third or high gear, the engine makes 
from 3 to 5 revolutions to one revolution of the 
mae which gives the car high speed over good 
roads. 


If the car should be going up a steep grade while 
on high gear, the work would be more than the 
engine could do, and it would stop unless one of the 
lower speeds were shifted in. There would then be 
considerably more pull on the wheels. 


The operation of the change of gears is effected 
by means of a side or center lever. Change of 
gears can be made instantly. The transmission 
also contains a set of reverse gears, which, when 
thrown in, will reverse the motion of the ear with- 
out reversing the motion of the engine. 


The transmission may be connected so that it 
drives the wheels by the following methods: First, 
by a driving shaft (Fig. 2) connected to the rear 
axle, which it revolves by means of bevel gears, the 
wheels and axle turning together. This axle re- 
volves and is called a “live” axle. Second, by a 
single chain (Fig. 3) connected to a “live” rear axle, 
the wheels and axle turning together (now obsolete). 


GEAR SHIFT LEVER 


~ UNIVERSAL JOINT 
ORIVE PINION 


i_f 
DRIVE SHAFT 
SEVEL GEAR 


REAR AXLE | 
—T 


Fig. 2. Propeller or drive-shaft driving method. 


Fig. 3. Single-chain driving method (obsolete), 
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Third, by two chains (Fig. 4), one connected to 

each rear wheel, which run free on the axle, like a 

buggy. This is called a “dead” axle because it does 
not revolve. 

CLUTCH DRIVE 

FLYWHEEL { TRANS-~ SPROQ 


Sooo 


4 ORIVEN 
SPROCKETS 


Fig. 4. Double-chain drive method. Seldom used on 
sore he e automobiles, but used on trucks to a limited 
extent. 


Drive System 


4the connection between the engine and the wheels 
is called the ‘‘drive system.” 


The drive shaft connects with the end of the 
transmission shaft by means of a universal joint. 
A universal joint is usually at the rear end con- 
necting with the differential drive pinion shaft. 


The universal joints permit the parts mounted on 
the rear axle to move up and down, thus preventing 
the movement of the axle from interfering with the 
drive of the car. 


The torque rod is usually placed between the 
housing on the rear axle and the transmission case. 
The object of the torque rod (or torque arm, as it 


is now called) is to prevent the axle housing from 
twisting when the power or brakes are applied. 


The drive pinion connects to the rear end of the 
drive shaft and drives the large bevel gear, which 
is connected to the differential. 


The front wheels on an automobile run free on 
the axle. For this reason the outside wheel is able 
to revolve faster than the inside wheel when the 
car is turning a corner. 


‘ When a vehicle turns a corner, the outside wheels 
revolve faster than the inside wheels, because they 
travel a longer distance. 


The wheels in the rear must do the same thing; 
if they were forced to revolve at the same speed, 
one would slide because it could not keep pace with 
the other. 


When they run free on the axle, they would take 
care of this themselves, but as both are driven by 
the engine, the transmission or rear axle is fitted 
with a differential, at times erroneously called a 
compensating gear. This device is automatic, and 
permits the wheels to revolve at variable speeds, 


although both are driven by the engine. 


Wheels 


Tires made of rubber are fitted to the wheels to 
take up the vibrations that are too sudden for the 
springs to absorb. 

The wheels of an automobile are smaller in diame- 
ter than horse-drawn vehicles, due principally to the 
fact that at the high speed the automobile travels, 
the wheels would have to be built entirely too heavy 
to sustain the strain. Automobile wheels must be 
very strong, because of the weight that they must 
support, and the strain that they are under. They 
are made of wood or wire (see illustrations, Figs. 5, 
6,and 7). — 

Wheels are divided into three classes (Figs. 5, 6 
and 7): wood, wire, and disk wheels, the latter type 
being made of wood or metal. 


S 
K 
Fig. 5 Fig. 6 Fig. 7 
Fig. 5. Sectional view of a ‘‘wood artillery” type of wheel. 
Fig. 6. Sectional view of a wire wheel. 
Fig. 7. Sectional view of a disk wheel. 


Wood Wheels 


The wood wheel predominates, but does not pos- 
sess the lasting qualities of metal, and costs less. 
It is usually termed the “artillery type” (see Fig. 5). 
i te rim is fitted over a wood felloe which holds 

e tire. 


Fig. 9 
Wood wheel without hub flanges, but with rim 


Fig. 8 
Fig. 8. 
mounted. 


Fig. 9. 
mounted. 


Wood wheel with hub complete, rim and tire 


The artillery type of wood wheel is shown in Figs. 
8 and 9. Note that the spokes meet at the center 
and are bolted between the metal hub flanges. 
Wood felloes are shrunk on to the wooden spokes to 
carry a steel felloe band, and on the steel felloe 
band, a steel rim is fitted to take the tire. 


Easy riding qualities always have been claimed for 
the wire wheel, and this is largely due to the fact 
that the weight is centered in the hub and that the 
car weight is suspended from the top spokes, whereas 
in the wood wheel the weight is taken on the spokes 
at the bottom. Road shocks, therefore, are more 
readily transmitted through the wood spokes to the 
hub of the wheel than in a wire wheel. With a wire 
wheel, it is claimed, acceleration is much improved 
because the wheel is set in motion more easily by 
virtue of the lighter rim. In other words, the hub 
of a wire wheel, wherein is centered the weight of 
the wheel, literally wraps the spokes about it, and 
the spokes in turn pull the light rim after them. 

If wood spokes become loose and squeak the cause is 
usually due to dryness, from lack of washing. To remedy, 


swell the spokes by soaking well with water. When wood 
spokes break, new ones can be fitted. 


wid. 


Wire Wheels 


Wire wheels are lighter and are generally of the 
demountable type, that is, the wheels are demount- 
able, but not the rim. The triple-spoke construc- 
tion is the favored type. 

When wire wheel spokes break or become loose, new ones 
can be inserted or loose ones tightened, similar to the treatment 


given to bicycle spokes. Hub caps on wire wheels must be 
tight, otherwise there will be an intermittent clicking noise. 


The parts of a wire wheel are shown in Figs. 10 
and 11. The rim on this wheel is of the clincher 
type. It could be, and usually is a straight-side 
type of rim. The “Ford,” “Overland Four,” and 
“Maxwell 25” use 30 x 31% clincher rims, but most 
all other cars use straight-side rims. 


Rims are not demountable on wire wheels (see 
Index under ‘“‘Wire wheel rims”). 


Wire wheels usually come in sets; five detachable 
and interchangeable wheels and five hubs make a 
set—four on the car and one spare, all detachable at 
the hub. All are usually interchangeable, front or 
rear, right or left. Unscrewing and replacing the 
hub cap is all that is necessary in changing the 
wheels. The spare wheel may be carried with the 
tire inflated ready for immediate attaching to any 
of the hub mountings. Wheels of this type are 
usually equipped with a built-in locking device, 
which adds safety without interference to the quick- 


change feature. See also Index under ‘Wire 
wheels.” 
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Fig. 10. Rear wire wheel with 30 x 31% clincher rim f 
Ford. Note the brake drum attached to the hub Bangers i 


Fig. 11. Front wire wheel with 30 x 3% clincher rim for 
Ford. The parts are shown in the iMustravon: Aa int 


Disk Wheels 


Disk wheels are now popular and add considerably 
to the appearance of acar. The steel disk is usually 
dished and welded or bolted to the felloe, or the 
wheel is made in one piece with demountable rims. 
The hub is usually bolted to the disk. Disk wheels 
are also made of wood. 


Easier riding qualities, rapidity of wheel change 
and the ability to keep them clean are some of the 
major things claimed for the disk wheel. 


The wood disk wheel is made from the same grade 
of wood as used for airplane propellers and is lamin- 
ated in such a way that the grain in each lamination 
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runs in a different direction. These wheels are 
claimed to be of about the same weight as spoked 
wheels, but to have four times the lateral strength. 


With many of the disk wheels it is not necessary 
to carry a spare, only a rim being necessary. On 
others the entire wheel is changed. See Index under 
“Disk-wheel rims.” 


Mud guards or fenders are always fitted over the 
wheels, to protect the car and occupants from the 
mud thrown by the wheels. 


Meaning of Wheel Base and Tread or Track 


The wheel base of an automobile is the distance 
(in inches) between the rear axles and the front 
axles. The long wheel base rides easier than a 
short wheel base. The frame must be sufficiently 
stiff, however, to prevent sagging from the weight 
resting on it. The wheel bases vary from 80 inches 
on runabouts to 144 inches on larger cars. 


ft track oRTREAD ——t 
Fig. 12 


— WHEEL BASE ae 


Fig. 13 


The tread (also called track) is the distance the 
two wheels are apart measured parallel with the 
axle. The standard tread is 56 inches, meastired 
from center to center. 


The treads of wagons and carriages vary in different 
of the country. In the Southern states it = 60 inches; one 
West 48, and in most of the other parts of the country 56 
inches. Small, light cars are sometimes made with a smaller 
tread than 56 inches, but this is exceptional. 


The road clearance is the distance from the lowest 
point of the car to the road. For rough roads, a 
greater clearance is required than for smooth roads, 
as a high place in the road would strike parts of the 
machinery that hung too low. The front axle, 
which is solid and heavy, is usually curved down in 
the center, so that it will be the first part of the car 
to strike a high place, thereby protecting the deli- 
cate parts behind it. 


The Body 


_ The automobile frame, with all parts of the run- 
ning gear, the transmission, engine, and other parts 
of the mechanism, when it is without the body, is 
called the chassis. Different types of bodies may 


be attached to a chassis, and ar 
down with hatte , e generally fastened 


Although there are many special makes of bodies 

a ig Warr: the illustrations that 
WwW will give the reader t : 

ee ae e names of the standard 
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Body Nomenclature 


The following deseriptions of the various types of 
bodies, illustrations of which are shown anes are 
those proposed and recommended by the Passenger- 
Car Body Division as the standard recognized by the 
S. A. E. (Society of Automotive Engineers). 


~ Fie. 55—BeRLINe-LANDAULET 
<== 2S) 


Fic. 56—Coupg LANDAULET 


ie ome 


Fic, 50—BrovugHam Fria. §8—CanRio.er 


Roadster (Fig. 44): A small open-type body, hay- 
ing one fixed cross-seat for two passengers and a 
space or compartment at the rear for carrying lug- 
gage. Folding seats fitting into the luggage com- 
partment are sometimes used. The conventional 
type has two doors and a folding roadster top with 
emergency side-curtains that are removable. 


Coupe (Fig. 45): An enclosed single-compartment 
body, with one fixed cross-seat. This seat may be 
straight and accommodate two persons, or be stag- 
gered and accommodate three persons. With the 
latter arrangement, a folding seat may be placed 
beside the driver’s seat, thus making it a four-passen- 
ger body. The conventional body has two doors 
and two movable glass windows on each side; the 
roof is permanent; and there is a luggage compart- 
ment at the rear. 

Phaeton: (Fig. 46): An open-type body, with two 
fixed cross-seats for four or five passengers. Folding 
seats in the tonneau for two additional passengers 
are sometimes used. The conventional body has 
four doors and a folding phaeton-top with emergency 
side-curtains that are removable. 


1 The principal reason for recommending the use of the term 
“phaeton”’ instead of the term ‘‘touring”’ 1s that the latter has 
lost its significance as applying to any particular type of body, 
as all types are used for touring. The term phaeton” is used 
extensively in Europe, and toa considerable extent in America, 
in connection with passenger-cars; it is the name of a horse- 
drawn prototype; it is inelegant and in a technical sense is not 
distinctive of any particular type of motor vehicle body. 


Sedan (Fig. 47): An enclosed single-compartment 
body, with two fixed cross-seats for four or five pas- 
sengers. Sometimes the front seat is divided by an 
aisle. Folding seats in the tonneau for two addi- 
tional passengers are sometimes used. The con- 
ventional body has four doors, but some models 
have only two. There are three movable glass win- 
dows on each side and the roof is non-collapsible. 


Berline (Fig. 48): A body of the same general 
description as the sedan, except that there is a par- 
tition at the rear of the driver’s seat that makes it an 
enelosed two-compartment body. Generally one 
glass window in the partition is made so that it can 
be moved horizontally or vertically. 

Limousine (Fig. 49): A partially enclosed body, - 
with a non-collapsible roof that extends the full 
length of the body and is attached at the front to 
the windshield standards. Only the rear portion of 
the bady up to the partition at the rear of the driving 
seat is fully enclosed. Forward of this partition, the 
sides are enclosed only from approximately the helt 
downward. ‘There are two low doors and one fixed 
cross-seat for two in the forward section. In the 
rear section there is one fixed cross-seat for two or 
three. Folding seats for two additional passengers 
are sometimes.used. There are two doors in this 
section, and two movable glass windows on each side, 

Brougham (Fig. 50): A body of the same general 
description as the limousine, except that the non- 
collapsible roof extends only over that portion of the 
body that is entirely enclosed. 

Landaulet (Fig. 52): A body similar in appear- 
ance to the brougham, except that the enclosed 
section is shorter from back to front, and the roof is 
fully collapsible up to the partition at the back of 
the driver’s seat. The body has one fixed cross-seat 
in the rear section for two or three passengers, two 
doors made with either flappers or hinged upper 
parts, and glass windows in the doors only. The 
rear quarters, back and top, are covered with leather 
orfabric. There are outside joints to support the top. 

Sedan-Landaulet (Fig. 53): A body of the same 
general description as the sedan, except that the top 
back of the rear doors is collapsible. Forward of 
this point the roof is non-collapsible, and the win- 
dows are the same in number as in the sedan. The 
rear quarters, the back above the belt, and the roof 
are covered with leather or fabric. 

Brougham-Landaulet (Fig. 54): A body that 
bears the same relation to the brougham as the 
sedan bears to the sedan-landaulet. 

Berline-Landaulet (Fig. 55): A body that bears the 
same relation to the berline as the sedan-landaulet 
bears to the sedan. 

Coupe-Landaulet (Fig. 56): A body that bears 
the same relation to the coupe as the sedan-landaulet 
bears to the sedan. 

Limousine-Landaulet (Fig. 57): A body that 
bears the same relation to the limousine as the sedan 
landaulet bears to the sedan. 

Cabriolet (Fig. 58): A body similar in appearance to 
the brougham and having the general characteristics 
of the landaulet, except that the falling pillar-hinge is 
set back from the pillar-line and shows the curved 
parting line through the leather. The rear sectionis 
therefore longer than that of the landaulet. The body 
has one fixed cross-seat for two or three, and folding 
seats on the partition for two additional passengers. 

The distinction between the Delivery Wagon and 
Truck is in size and weight. The delivery wagon 1s 
usually a shaft-driven solid, or pneumatic-tired car, 
whereas the truck is a double-chain or shaft-driven 
solid or pneumatic-tired, heavier machine, 


INSTRUCTION No. 2 
DRIVE METHODS: Drive-Gear Reduction 


VARIOUS DRIVE METHODS 


The power from the engine is transmitted through 
the transmission; and is applied to the propelling 
of the car by those parts called the drive. 


There are three methods of transmitting power to 
rear-axle shafts: the double-chain drive, requiring a 
“dead” rear axle; the single-chain drive (seldom 
used); and the shaft or propeller-shaft drive, which 
requires a “live” rear axle. 


There are seven drive methods: single chain 
(obsolete); double chain; internal gear (page 929); 
double reduction (page 925); double reduction 
internal (page 933); worm (pages 17, 914, 920, 954, 
956); bevel gear (Fig. 3 below). The last men- 
tioned is the type generally used on passenger cars. 


Double-Chain Drive 


The double-chain drive“is seldom used on plea- 
sure cars, but is used quite extensively on trucks. 
Trucks use chains, because trucks carry heavy loads 
and often have solid ‘‘dead” axles. 


When, as is usual in cars of this type of drive, the 
engine is in front, the crank shaft is parallel to the 
sides of the car, and therefore at right angles to the 
rear axle. The power developed at the crank shaft 
must therefore be turned at right angles in order 
to apply it to the wheels (see Fig. 1). This is done 
by means of bevel gears, which are in the trans- 
mission case. 


Fig. 1, 


The power is transmitted from the crank shaft of 
the engine to the square shaft of the change-speed 
gear by gears, as explained farther on. The square 
shaft carries a bevel gear that meshes with another 
bevel gear carried on the jack shaft (Fig. 1). 


The jack shaft passes across the car, running in 
bearings in the gear case and on the frame. It is 
held so rigidly that while it is free to revolve, its 
bevel gear is always in correct relation to the bevel 
gear on the square shaft of the transmission. 


Bevel driven 
Gear 
Bevel drive 


Pinion 


Universal Joint 


; Drive Shaft. 


* Differential 


Fig. 3. The modern method for driving the rear axle is by means of a 
axle. 


pinion and bevel-driven gear on the differential on the rear 
drive often use the worm drive. 


a 
TRANSMISSION 
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The jack shaft is in two sections, between the 
inner ends of which the differential is placed, the 
differential, of course, being beside the bevel gear 
that drives the jack shaft. 

At each end of the jack shaft, outside of the frame, 
is a sprocket which is in line with a corresponding 
sprocket on the rear wheel of that side (Fig. 2). 
Over each pair of sprockets passes a chain that 
transmits the revolutions of the jack shaft to the 
wheels which run loose on the ends of the dead axle. 


The chain most commonly used for automobiles 
is called a “Toller chain.” It consists of side pieces 
in pairs, each pair being secured to the adjoining 
pairs by rivets passing from side to side. On these 
rivets are steel rollers which revolve as they touch 
the sprockets. These rollers fit the space between 
the teeth of the sprockets, and as the chain bends 
around the sprockets the rollers are stationary, 
while the rivets turn inside of them. 


To give the best service, the chain must run true; 
that is, the sprockets over which they run must be 
in line, the links of the chain must fit the teeth, and 
the sprockets must be exactly circular. If the 
sprockets are out of line, the chain will be forced 
to bend sideways. If the links do not fit the teeth, 
there will be a grinding that will cause rapid wear, 
and there will be danger of the chain jumping off. 
If the sprockets are not exactly circular, during one 
part of the revolution the chain will be slack, and 
ae the other part will be drawn tight, stretch- 
ing it. 

The double-chain drive has advantages on heavy 
cars. By its use the weight of the car is carried 
by a “solid” or “dead” axle, which is lighter than 
a divided “live” axle of the same strength can be. 
If a solid axle is bent, it can be straightened easily, 
while it requires an expert mechanic to straighten 
a bent live axle. 

_The disadvantages of double-chain drive are the 
difficulty of properly lubricating the chains, their 
rapid wear in consequence, and the liability of 
chains to stretch and jump off the sprockets. 


The worm-gear drive for trucks, with substantial 


axles of the “‘live” type, are now considered su erior 
to the double-chain drive. 


fingine 


Orank shaft,, 
CLUTCH 


propeller type of drive shaft with a i 
Commercial cars with shaft drive instead of ae 


DRIVE METHODS; DRIVE-GEAR REDUCTION 7 


_ Propeller or Shaft Drive 

In this type, a shaft connects with the square 
main shaft of the transmission and is extended to 
the rear axle, where it ends with a small bevel gear 
gen the drive or driving pinion. See Figs. 3, 4, 
p. 28. 

This driving pinion meshes with a bevel gear on 
the differential housing that is mounted between 
the inner ends of the two parts of the live rear axle, 
ealled the axle-driven gear, or differential “ring 
gear,’ or “master gear,’’ ‘crown wheel,” etc. 


The propeller or driving shaft always has one, 
and sometimes two, universal joints in between the 
gear box and drive pinion on rear end, so that the 
moving of the rear end, as the axle receives the 
jolts of a rough road, does not affect its driving. 


The drive and driven gears are contained within 
a casing or housing that supports the bearings for 
the parts of the axle and also the end of the driving 
shaft, so that the bevels are held in the same relation 
to each other, regardless of the moving of the axle. 


The advantages of this type of drive are that all 
of the moving parts are enclosed and protected 
from dust, and run in grease or oil, which means 
perfect lubrication. 


Radius Reds 


Radius rods, also called “distance rods’ and 
“strut rods,’’ are mostly used on commercial cars 
using a double-chain drive. They extend from a 
point alongside of the frame in line with the jack 
shaft, thence to the rear axle. Thus they keep the 
chain at the proper tension and the distance from 
sprocket to sprocket the same, no matter how rough 
the road. A turn buckle is provided to insure 
adjustment. Radius rods are not used on propeller- 
shaft-driven cars in the manner described above, but 
on two or three propeller-shaft-driven cars they are 
used as shown in Fig. 7. Many worm-drive trucks 
are equipped with radius rods. 


The Torque Member 


Torque means turning movement, or twist. The 
torque arm, torque tube, radius rod, or the rear 
springs represent four different methods of prevent- 
ing torque reaction. The torque arm, or radius rods 
extend from the cross-member near the transmission 
to the housing on the rear axle (construction varies). 


Vig. 4. One type of construction of a torque arm is shown 
in the illustration. Note the arm (N), extending from the rear 
axle housing to a spring arrangement or torque pillar attached 
to a cross member, in line with the drive shaft. See illustra- 


tion (S) (N). 


The tendency for the driving pinion to climb the 
ring gear when starting or driving a car causes the 
rear axle housing to twist in the opposite direction 
to the road wheels. So it is torque reaction which 
the torque member prevents. 


What is known as the ‘Hotchkiss drive method” 
is where the torque and the drive are taken through 
the semi-elliptic rear springs. The main leaf of each 
of these is made strong enough for this added duty, 
and the construction does away with torsion tube, 
torque arm, and radius rods, 


A torque tube is often used instead of a separate 
torque arm. ‘The propeller or drive shaft revolve 
inside of the tube (see Fig. 6). 


THIS END TAKES 
DRIVE THRUST AND 
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Fig. 6. 


Fig. 5. “The Hotchkiss drive.’’ A gemi-elliptic spring is 
used to take the thrust. The forward end of the spring is not 
shackled, but oscillates on a pin, and this takes the thrust and 
torque, The rear end is shackled and is free to move under 
stress. 


Fig. 6. A torque tube, which takes both the drive and 
torque; Rolls-Royce rear axle, See also Fig. 7, page 16. 


Fig. 7. Radius rods on the Dusenberg, which take both 
the drive and torque (illustrations from Motor World). 


Gears and Chains 


Spur gears are noisy and are not used very much 
except for the transmission. They were formerly 
used for driving the cam shaft. The helical, or 
spiral tooth gear or silent chain, is now used to a 
great extent for driving the cam shaft. 


The worm and worm gear are used extensively as 
a final drive on the rear axle of trucks. 


% HELICAL. 
. SPIRAL | . 
y OR SKEW 
" Sia GEARS, 
SPUR GEARS. Y> Stipe 


BEVEL | 
PINION 


BEVEL GEAR ( Ss 
BEVEL PINION SPROCKET CHAIN SILENT CHAIN 


Fig. 8 


The helical or spiral gear with straight face can 
be placed as shown in the illustration above, and 
may thus be used to drive pumps and distributors. 
The bevel helical tooth gear is used extensively for 
the final drive on rear axles of automobiles, and is 
termed a beyel gear with a helical or spiral tooth. 
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The bevel gear with straight teeth, as shown, is used 
for final drives, but the helical tooth bevel gear, being 
more quiet, has taken its place to a large extent. 


The worm and worm gear make a wiping con- 
tact and the helical, more of a rolling contact. 
When accurately made, worm gears run with great 
smoothness and silence. The worm may engage 
either from above or below the gear wheel. The 
angle of the worm and gear may be as much as 45 
degrees.» The worm is made of hard steel and the 
worm gear of bronze. See Index under ‘Adjust- 
ing of the worm gear on a truck rear axle.” 


The sprocket chain is used on double-chain-driven 
trucks. See Index under “Chains for trucks,” 
showing the roller-type sprocket chain. 


The silent chain, with special sprockets to take 
the chain, is used extensively for driving the cam 
shaft, generator, etc., especially on “V-type en- 
gines. See Index under “Silent chains. 

The setting of bevel gears so that they will mesh 
properly without noise requires careful adjustment, 
as there must be as little play as possible without 
having the teeth bind. See Index under “Adjusting 
drive pinion.” 


DOG CLUTCH 
Fig. 9. 


The dog clutch is used in the transmission and 
can be used for couplings for various driving pur- 
poses, as for instance, with the magneto, ete. 

When the “‘dog clutch” is used inthe transmission, one dog 
is placed on the clutch shaft and the other on the square main 


transmission shaft. On modern transmissions, gears with 
internal teeth are used instead of the ‘‘dog clutch. 


Drive Pinion and Driven Ring Gear 


The drive pinion (R3) is shown in the illustration 
below (Fig. 10). This pinion is attached to the end 
of the drive shaft. 


The differential ring gear (N3) is also shown in 
Fig. 10. This gear is attached to the differential 
housing, and is driven by gear (R3). Thus the 
drive is transmitted to the rear-axle shafts through 
the differential. 


i 


avs 


Note that both gears (R3) and (N3) have beveled 
teeth which are straight. The type of gears in 
general use have beveled teeth which are not straight 
but helical or spiral shaped. ; 


DRIVE-GEAR REDUCTION 


The speed of the crank shaft is reduced so that 
the road wheels turn once while the crank shaft 
revolves from three to five times with the high- 
speed gear engaged. 


On cars with single-chain drive (now obsolete) 
this is done by having the transmission sprocket 
smaller than the axle sprocket. 
is to be three to one, that is, if the crank shaft 
revolves three times to one revolution of the axle, 
the axle sprocket will have three times the number 
of teeth that the transmission sprocket has. 


The reduction on side-chain-driven cars is ‘gome- 
times made at the bevel driving the jack shaft, but 
usually at the sprockets. ~ 


On shaft-driven cars, the reduction is made at 
the rear axle-drive gears. The driven gear (N3) 
(Fig. 12) on the rear axle is given as many more 
teeth than the drive pinion (R38) on the driving 
shaft asis necessary for the reduction that is required. 


In the worm drive, the reduction is governed 
as explained under “Worm-gear ratio’; see Index. 
In other words, the size of the worm could be 
changed without its changing the speed. (The 
angularity of course would have to be the same in 
both cases.) 

_ To make the point clear as to just how the speed reduction 
is brought about in the worm drive, imagine the screw thread 
on a vise shaft which draws the jaws together. If that thread 
is coarse, with only a few to the inch, the jaws would move 
toward each other rapidly and of course it would take some 
power to move it; if, on the other hand, there were quite a 
number of threads to the inch, the jaws would move more 
slowly but it would take less power to exert the same pressure, 


When the “gear ratio” of a car is spoken of, it is 
often referred to as the reduction between the 
engine crank shaft and rear axle. Thus, for in- 
stance, a “gear ratio of 4 to 1” is where the drive 
shaft makes four revolutions to one reyolution of 
the-road wheels on the high gear, 


If the reduction © 


This term, ‘‘gear ratio,” should be termed “total 
gear reduction,” as the term “gear ratio” could be 
applied to the transmission, or to the rear axle. 
Thus a distinction is made as is explained below. 


Difference Between ‘“‘Rear-Axle Gear Ratio,” 
‘*Transmission-Gear Ratio’? and 
**Total-Gear Reduction’’ 


Rear-Axle Gear Ratio 


“Rear-axle gear ratio” refers to the number of times 
the rear axle turns over to one revolution of the 
propeller shaft (P), Figs. 11, 12. 


To find the rear-axle gear ratio on any car, divide 
the number of teeth in the driven gear (N3) on the 
differential, which in this instance has 71 teeth, by 
the number of teeth on the drive gear, which in 
this instance has 16; thus 71+ 16=4.437 revolutions 
of the propeller shaft (P), to one of the axle shafts or 
wheels. 

Transmission Gear Ratio 


“Transmission-gear ratio” refers to the ratio be- 
tween the engine crank shaft and the propeller shaft P. 


SLIDING GEARS 


: = 
inne aie Direct or high gear. Note that the drive is direct 
from the engine crank shaft to the drive pinion (R38), to the 


driven ring gear (N3). Gears (R) and \(N) are meshed at 
all times. 


On direct or high gear (Fig. 11), the ratio is 1 to 
1, meaning that the engine crank shaft turns over 
one revolution to one of the propeller shaft (P), be- 
cause the engine crank shaft is connected direct 
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through the transmission to the propeller shaft P 
Thus it is termed “direct drive.” ce 


Fig. 12. Low or first gear. 
crank shaft to the drive gear (R), to the driven gear (N), to the 
drive gear (R2), to the driven gear (N2), to the drive gear (R83), 
to the driven gear (N3). 


Note that the drive is from the 


On first or low speed (Fig. 12), the ratio is 3.121 
to 1, meaning that the engine crank shaft turns over 
3.121 times to 1 of the propeller shaft (P). 


To find the transmission-gear ratio, multiply all 
of the driven gears together and all the drive gears 
together and divide the product of the driven gears 
by the product of the drive gears as follows! 

N,31teeth X N2,29t +R,16tXR2,18t=3.121 obtained thus: 


31X29 =899, the product of the driven gears and 16X18=288, 
product of the drive gears, therefore, 899 +288 =3.121. 


) Fig. 13: Intermediate or second gear. Note that the drive 
is from the engine crank shaft, to the drive gear (R), to the 
driven gear (N), to the drive gear (R1), to the driven gear (N1), 
to the drive gear (R3), to the driven gear (N3). 


_ On second speed (Fig. 13), the transmission ratio 
in this example is 1.705, meaning that the engine 
crank shaft makes 1.705 revolutions to 1 of the pro- 
peller shaft P. This transmission ratio is found by 
following the same rule: 


N,31t XN1,22t +R,16t XR1,25t =1.705.1 


Fig. 14. Reverse gear. Note that the drive is from the 
drive gear (R) to the driven gear (N), to the drive gear (RG), to 
the idler gear, to the driven gear (N2), to the drive shaft (P), 
to the rear axle. The idler gear gives a reverse motion to shaft 


(P) 


Fig. 15. Neutral gears. Note that the drive is from the 


drive gear (R) to the driven gear (N). Gears (R) (N) and 
shaft (S) revolve independently of shaft (P). Thus the rear 
axle is not connected with the crank shaft of the engine. 


On reverse speed (Fig. 14) the transmission ratio in 
this example is 3.74 to 1, meaning that the engine 
crank shaft turns over 3.74 times to 1 revolution 
of the propeller shaft (P ), This transmission ratio 
is found by following the same rule. 


N,31t XN2,29t =899 +R,16t XRG,15t =240, 


thus: 
899 +240 =3,74. 


Note: Sliding gear (N2) is pushed over to the extreme left 


and meshes with an “‘idler gear’ behind gear (RG). The idler 
gear then meshes with (N2) and reverse au ea te ees 
e teeth on 


gives a reverse motion to propeller shaft Ne : 
the “idler gear” are nvt considered, as it is both a driven and a 


drive gear. 


1 Driven gears are designated in the illustrations as (N), (N1), 
(N2),ete. Drive gears are designated as (R), (R1),(R2), etc. 


Total Gear Reduction 


_ “Total gear reduction” refers to the number of 
times the engine crank shaft turns over to one 
revolution of the axle shafts or rear wheels. This 
1s governed by the diameter of any gear transmit- 
ting power to the rear-axle shaft. 


ws To find the total gear reduction, multiply the 
transmission-gear ratio” by the “rear-axle ratio.”’ 


To find the total gear reduction when in first or 
low speed, multiply 3.121, the transmission ratio, 
by 4.437, the rear-axle ratio, and we have 13.847. 
Thus the engine crank shaft turns over 13.847 times 
to 1 of the rear-axle shafts or rear wheels. 


To find the total gear reduction when in second 
speed: 1.705 X4.437 =7.565 revolutions of the en- 
gine crank shaft to 1 of the rear wheels. 


To find the total gear reduction of third or high 
speed: 14.437 =4.437 revolutions of the engine 
crank shaft to 1 of the rear wheels. 


To find the total gear reduction of reverse: 
3.74 X 4.487 =16.594 revolutions of the engine crank 
shaft to 1 of rear wheels. 

The foregoing examples of ratios are those used on the 
Cadillac Type 59 car. The Cadillac sometimes gives a 14- 
tooth drive pinion (R38) on the heavy closed cars and for 
touring cars used in hilly countries. The rear-axle ratio would 
then be: 71 +14 =5.071 rev. of propeller shaft P, to 1 of the 
rear wheels, 


Miscellaneous Ratios 
Ford: Rear axle ratio N3, 40 teeth +R3, 11 teeth =3.636. 
Transmission ratio, lst speed 2.75; 2nd speed 1; reverse 4. 
Overland 4: Rear axle ratio, N3, 45 teeth +R3, 10 teeth = 
4.5, transmission ratio, Ist speed, 3.62 to 1; 2nd, 2.03 to 1; 
high, 1 to 1; reverse, 4.83 to 1. 
Dodge: the rear-axle ratio is 4.17 to 1. 


On some cars, for instance the Locomobile model 48, Mercer 
Series 5, and Pierce-Arrow Models 31 and 51, there are 4 
speeds and on 4th the transmission ratio is 1 to 1. On Loco- 
mobile 48 and Pierce-Arrow 51, first speed transmission ratio 
is 4 to 1. On the Mercer, 3.75 to 1. 


-On some cars with four speeds, the 4th speed is higher than 
1 to 1; for instance the Wasp with 4 cylinders 434 514, the 
4th speed transmission ratio is .73 to 1. The rear-axle ratio 
is 3.7, therefore the total gear reduction would be .73 X3.7 = 
2.701 revolutions of engine to 1 of rear wheels. On 3rd speed 
the Wasp transmission ratio is 1 to 1; on Ist or low, 2.69 to 1. 
The total gear reduction on lst speed is 2.69 X3.7 =9.953 
revolutions of the engine crank shaft to 1 of the rear wheels. 


Truck-Gear Ratios! 


Federal 2-ton truck: MRear-axle ratio, 9.25, transmission 
ratio, 1st speed, 4.40; 2nd, 3.08; 3rd, 1.76; 4th, 1; reverse, 5.28. 


Federal 5-ton truck: MRear-axle ratio, 13.66, transmission 
ratio, lst speed, 4.99; 2nd, 3,16; 3rd, 1.79; 4th, 1; reverse, 
5.78. 


Replacing a Drive Pinion 


When replacing a drive pinion (R3) with one of a 
different diameter, it is always necessary also to 
replace the driven ring gear (N3), because the teeth 
will mesh too tight at either the big end of the tooth 
or the little end of the tooth, due to the fact that 
the teeth are cut at a different angle. See Index: 
“Differential gear, how to replace.” 


Relation of Engine Crank Shaft to Periphery of 
Road Wheels 


If the rear axle ratio on a certain car is 4.437 to 1, 
and say for instance, high gear is being used, then 
the rear wheels, no matter how large or how small 
the wheels or tires may be, will revolve 1 revolution 
to 4.437 revolutions of engine crank shaft. 


It is then clear that the larger the rear wheels 
or tires, the harder will be the pull on the engine, 
and that the smaller the rear wheels or tires, the 
easier will be the pull by the engine. 


1 See Index under ‘‘G. M. C. ‘two-range’ truck transmission.” 


INSTRUCTION No. 3 
STEERING; SPRINGS; BRAKES 


STEERING 


Principle of Steering 


The steering device is placed on the left-hand 
side of the car. On early model cars it was placed 
on the right-hand side. 


The principle: In steering a wagon, pulling on one 
of the reins swings the horse to that side. The 
shaft or pole is attached to the axle, and the axle is 
pivoted to the king pin, and all swing with the horse. 


If you go straight ahead, the front and rear wheels 
of any vehicle movein straight lines. To make a turn 
to one side or the other, the front wheels are swung 
so that they are at an angle with the rear wheels. 


Whenever the front wheels stand at an angle with 
the rear wheels, the vehicle will turn, and it will 
continue-+to turn until the front wheels are swung 
back to a straight line again. 


Fig. 1 


Fig. 2 


Fig. 1. Showing how a front axle of a horse-drawn vehicle 
gives the direction in which a horse-drawn vehicle runs. 


Fig 2. Showing how the front wheels of an antomobile give 
the direction in which the car runs. See next column, giving 
the meaning of ‘turning radius.” 


In a horse-drawn vehicle, the front wheels are 
square with the axle, for wheels and axle swing to- 
gether. (See Fig. 1.) 


In an automobile, the front axle does not swing, 
but each wheel swings on a pivot at the end of the 
axle, known as the Ackerman principle. (See 
Fig. 2.) See also page 910. 


It would not be practical to steer an automobile 
as a horse-drawn vehicle is steered, for the axle 
would have to be very heavy to support the weight, 
and besides, it would be so hard to swing it that 
steering would be difficult. Another reason is that 
the body would have to be raised up high, so that 
the wheels could go under it in making a short turn. 


A fixed front axle is always used on automobiles. 
The pivots on which the front wheels swing must 
be as close to the hubs of the wheels as possible, 
for the closer they are, the less leverage there will be 
to overcome, and the easier it will be to steer, with 
less liability to break. 


When a wagon or automobile turns a corner, it 
moves in the arc of a circle. 


_ Ina horse-drawn vehicle, the front axle, because 
it swings on the king pin, always points to the center 
of the circle (Fig. 1). Notice that both wheels 
are perpendicular to the same radius of the circle 
and to the axle in Fig. 1. 


The front axle of an automobile is fixed and can- 
not turn, and therefore only its pivoted ends point 
to the center of the circle (Fig. 2). Notice in Fig. 2, 


that the axle does not move, but that each wheel 
moves. 


When running straight ahead, the front wheels 
of an automobile are square with the axle. When 


PRINCIPLE 


turning, the front wheels are not square with the 
axle, but at an angle with it. 

Because each wheel is square with its axle end, 
and both axle ends point to the center of the circle, 
each wheel is square, or perpendicular to, a radius 
of the circle. If both were perpendicular to the 
same radius, which they are not, the wheels would be 
parallel with each other. 


Thus, while the front wheels of a horse-drawn 
vehicle are always parallel to each other, the front 
wheels of an automobile turning a corner are not 
parallel to each other on the same radius. 


The steering mechanism must be so arranged 
that the front wheels are parallel when the car is 
running straight ahead, but stand at an angle with 
each other when turning a corner. 


Each of the pivoted axle ends (2, Fig. 3), which 
are called ‘“‘steering knuckles,’’ has a steering arm 
(3), projecting from it. 


The ends of these two arms are connected by a 
rod called a ‘‘drag link, or tie rod’”’ (5). When the 
drag link is moved endways, both wheels move 
with it. 


The two steering arms are not parallel, but incline 
a little toward each other. If they were parallel, the 
two wheels would be parallel, no matter how the 
drag link was moved. As they are not parallel, mov- 
ing the drag link moves one of the wheels through a 
greater angle than the other, depending on the 
direction in which the drag link is moved. 

Turning radius: The radius in which a car can turn. For 
example, a turning radius of 15’ would mean that the car 
could be turned in a circle measuring 15’ from its center or 
30’, or can be turned in a street 30’ wide if on one side of the 
street. If the steering device is on the left, a car can usually 
be turned in less space by turning to the right and vice versa. 


Factors determining the turning radius are: (1) wheel base; 
(2) maximum angle at which the front wheel can be turned 
from the front, The average turning radius is 1214’ to 15’, 
or a circlé of 25’ to 30’ dia. See Fig. 2, page 10, which will no 
doubt make the explanation clearer. 


Steering Methods 


There are two methods in general use: (1) the 
“fore and aft’? method; (2) the ‘‘cross method.” 


The “fore and aft”? method is shown in Fig. 4. 
With this method the reduction gearing is usually 


Fore and Aft 
Steering Method. 


Bottom.4 26), 
iG es 


ST, 


in the bottom of the steering device and the con- 
necting rod (B) is usually behind the front axle. 
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The “cross steering” method is shown in Fig. 5. 
With this method the reduction gearing can be 
either at the top or bottom, and the connecting 
Sy (B) can be either in front or behind the front 
axle, 


The Ford and model ‘Four’’ Overland and Chevrolet 
“Four Ninety’? employ planetary gears for reduction. The 
Ford gears are at the top of the steering column (Fig. 9), 
and on the Overland model ‘‘Four’’ and Chevrolet, the planet- 
ary gears are at the bottom. 


Types of Steering Gears 


There are a number of methods for reducing the 
ratio of movement of the steering column shaft to 
that of the arm (J). 


(1) Pinion apd sector type (see Fig. 6). 


(2) Worm and sector type (Fig. 7). Note that 
the teeth are only on a section of the sector. 


(3) Worm and worm-wheel type (Fig. 8). 


(4) Planetary type. Note that the gears are at 
the top of the device on the Ford (Fig. 9), and at 
the bottom on the Overland model “Four,” and 
Chevrolet. 


(5) Screw and nut type (Fig. 10). Movement of 
this nut is up and down which moves the arm (J). 


(6) Screw and half-nut type (Fig. 11). This is 
the Lavine steering gear. Adjustment is at the 
bottom of this device. 


_ The breaking of any part of the steering connec- 
‘tions is more likely to cause a wreck than the break- 
ing of any other part of the car, and must be watched 


Planetary 


Gears at Top. 
J 
Fig. 9 


carefully. The parts must be kept tight enough to 
prevent play, but must not be so tight asto make 
steering hard. All parts must be kept well lubricated. 


(See Index for “‘Steering gears, adjusting.’’) 


SPRINGS 


All vehicles intended to move at more than a very 
slow speed must be provided with springs. Springs 
not only protect the occupants from the vibrations 
of a rough road, but also keep the machinery from 
being shaken to pieces. 


HALF ELLIPTIC(FRONT) 


Fig. 138 


Fig. 12 


i jHALF ELLIPTIC 
i, - CANTILEVER 
SPRING SUSPENSION 


Fig. 15 (upper) 
Fig. 16 (lower) 


Fig. 14 


The size and strength of the springs depend on 
the weight of the vehicle. Springs that are too 


weak will not give sufficient protection, and if they 
are too strong they will not have enough resiliency. 


ines in general use are: Full elliptic, 
key ie gnarter-elliptic, three-quarter 
elliptic, and cantilever. 
The full-elliptic was formerly used on a great 
many cars for the rear, as In Fig. 12, In some 
instances it was used in front. 


The cantilever spring system (Figs. 14 and 15) is 
probably the most popular present-day practice. 
The illustration shows how it compares with the 
ordinary half-elliptic principle shown in Fig. 16. 


In the cantilever spring the forward end is shackled and 
the axle is attached to the rear end. The center of the spring is 
attached to a trunion or bearing on the frame. Thus the spring 
has a certain amount of movement about its center. One good 
feature of this form of spring is that it reduces the unsprung 
weight of the axle. The shaded parts of the respective springs 
show the comparative amount of the unsprung weight. In 
the cantilever form of spring the heaviest part of it is supported 
by the frame. See also Fig. 5, page 7 (Hotchkiss drive). 


The half-elliptic spring (Fig. 16) is used for the 
rear and, to a great extent, for the front, asin Fig. 13. 


Fig. 17. Three quarter elliptic. 


Fig. 19. Three half elliptic spring-coach style of suspension. 


Other arrangements of half-elliptic springs for 
the rear are shown in Figs. 17, 18, and 19. 
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Breakage of a spring means breakage of one or 
more of the leaves. 
occurs in the expansion that follows a heavy com- 
pression, and not during the compression. In 
other words, it is the rebound that breaks the 
spring. 


nee almost always: 


Because the leaves slide on each other, they will 
wear and squeak if not properly lubricated. 


To lubricate between the leaves it is necessary to relieve 
them of the weight they carry. This may be done by jacking 
up the body, or taking the springs apart, and spreading heavy 
grease or graphite on the leaves, This is quite a job and 1s 
seldom done. 


SHOCK ABSORBERS 


Breakage of springs usually occurs during a re- 
bound. Devices called shock absorbers are at- 


Frame 


Fig. 20. 


Fig. 21. 


tached to the springs to check their up movement. 
There are two types of shock absorbers in general 
use: the friction type, and the air or plunger type. 


The friction type is shown in Fig. 20. All these 
movable frictional parts offer a constant resistance 
to the vibration of the spring both ways. It is 
easy to see that when the wheel strikes an obstruc- 
tion, the arms come together, but instead of flying 
back, as does the free spring, it is retarded by the 
friction and moves gradually to its normal position, 
since the friction is always the same, while the 
tension of the spring diminishes as it approaches 
its normal position. 

An adjustment dial (F) and indicator (G) provide means of 
securing the correct tension for the car. A spider compensating 


spring (E) takes up any little wear automatically, keeping the 
friction uniform after the adjustment has been made. 


The arms (A) and (B) are joined to the frame and axle by two 
frictional joints, which also can be regulated. 


The air or plunger type is shown in Fig. 21. 
It consists of an air chamber made up of two sec- 
tions, one of which telescopes into the other. The 
outer section is attached to a bracket on the frame 
of the car, (A). The inner section is attached to one 
end of one of the springs, (B). 


The chamber is partly filled with oil, through the 
filling-plug hole under the cap (C). The filling plug 
is fitted with an ordinary Schrader-tire type of air 
valve through which the chamber may be charged 
with airat any desired pressure, by means of an ordi- 
nary tire pump. 


BRAKE CONTROL AND CONNECTIONS 


Automobiles are fitted with two sets of brakes, 
called the “running service” or “foot brake,” and 
the “emergency” or “hand brake,” the terms “foot 
brake” and “hand brake” being the correct terms. 


The foot brake is applied by pressing on a foot 
pedal, and is the one most in use because of its 
convenience, and is used most when running. 
Because it is used most, it requires more attention. 


The usual method of connecting the foot brake is 
by a contracting band on the outside of the brake 
drum on the rear wheel hubs, called the “external 
contracting band brake.” 


The hand brake is usually applied by a lever at 
the side (or center) of the driver’s seat, so placed 


Rain 


ee -! 
= = 
-—— = 


2 


Tal rd 


Fig. 22. Method of connecting the two brakes in rear. The 
adjustment for equalizing the pull on each rod, can be made 
at the turn buckles. 


that he may apply his whole force to it. This 
brake is seldom used while running. It is usually 
applied when the car is left standing, in order to 
keep the car from rolling down an incline. The 
hand-brake connects in almost every instance with 
the internal expanding brake inside of the brake 
drum on the rear wheel hubs, but occasionally will 
be found connected by a contracting band over a 
drum mounted on the main transmission shaft. 


The foot-brake pedal is the right pedal and the 
left pedal is the clutch pedal, on almost all cars. 


Brake Equalizers 


_ When the foot-brake pedal or hand-brake lever 
is applied, the pull should be the same on each brake 
on each wheel. If one brake rod is longer than the 
other the brake effect is not equal on both wheels, 
and this has a tendency to make the car skid. 


To overcome this, a brake equalizer is used, the 
principle of which is shown in Fig. 22. The rods 
(R) are placed in bearings; the rod (F), connects 
with the foot brake, and rod (H) with the hand brake. 


If a brake squeaks, it is an indication that it is 
dirty and needs cleaning. The dirt clogs the pores 
in the surface of the lining and glazes it over. Gaso- 
line or, better, kerosene, will remove the dirt. The 
wheel should be removed and the linings cleaned 
with a stiff brush, such as a tooth or nail brush. 


Types of Brakes 


There are two distinet types of brakes in general 
use: the external contracting and the internal ex- 
panding type. 
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The external band brake is a flexible steel band 
faced with an asbestos or fabric composition, called 
“Raybestos’ or ‘“Multibestos,” etc. Setting the 
brake causes friction between the brake drum and 
the linings, hence the use of asbestos composition. 


Band brakes are of two kinds: Single acting and 
double acting, the latter being an improvement over 
the former. 


QQUBLE ACTING BANO 
BRAKE, EXTERNAL TYPE A 


G, GAND BRAKE 
NTERNAL TYPE 


SINGLE ACTIN 
& 


INTERNAL EXPANDING 
QoveLe ACTING, BAND GRAKE « 


COMBINATION OF INTERNAL ANO 
EXTERNAL DOUBLE ACTING , BAND GRAKEW 


Fig. 24 (upper) 
Fig. 26 (ower) 


Fig. 23 (upper) 
Fig. 25 (lower) 


The single-acting band brake (Fig. 23) binds only 
when the drum is revolving in one direction, having 
very little grip when the drum is revolving in the 
same direction in which the band is being pulled. 
This form is going out of use for automobiles, for 
it cannot be depended on to hold the car from run- 
ning down hill backward. 


The double-acting band brake (Fig. 24) is more 
practical, for it holds with the drum revolving in 
either direction. In this form, both ends of the 
brake are attached to the lever or pedal, and are so 
arranged that while one end is being pulled in one 
direction, the other end is being pulled in the oppo- 


site direction. This binds on the drum so tightly that 
it may be depended on to hold the car in any position. 


The brake band may either be drawn around the 
outside of the drum, called the ‘external brake 
band,” or expanded within it so that it bears against 
the inside wall of the drum, called the “internal 
expanding brake.”’ Sometimes the internal brake is 
made of metal. 


The external type of brake is usually of the 
double-acting contracting type, and is always placed 
on the outside of the brake drum attached to the 
hub of the rear wheels as at OB (Fig. 27). 


A combination of internal expanding and external 
contracting brakes are shown in Fig. 26. Lever (A) 
operates the external brake and lever (B) the in- 
ternal brake. See also Fig. 27, below. 


a = 


iA 


Fig. 27. A combination of aninternal expanding and external 
contracting brake on brake drum of rear-wheel hub. OB is 
the outer or external and 1B is the inner or internal. B is the 
hand-brake rod operating the internal brake. H is the foot- 
brake rod operating the external brake. 


Adjustment of external brake is made at F, G, and C. 
Adjustment of the internal or hand brake is at A. It is turned 
up or lowered so as to have 1-64 inch clearance between the 
brake drum and brake. 


The -internal or hand brake formerly consisted of 
two shoes of metal, but the modern form is shown in 
Fig. 27. This is a double-acting, expanding type, 
and which acts internally against the inside of the 
drum. This brake shoe is lined with Raybestos, 
Thermoid or some similar material. 

For the method of adjusting and relining brakes, 
see Index. This subject is treated in the Repair 
Section of this book. 
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TYPICAL EXAMPLES OF A LIGHT CAR AND A HEAVY CAR 


Illustrations and specifications of the two well-known cars shown below will give a comparison of the 


relative difference between a light car and a heavy car. 


TOP VIEW OF THE 
OVERLAND 


Ve ee " 
3 ae 


Exhaust Pipe | Muffler 


Universal Joints 


Tread 56”; Wheel base 100”: 


Gear ratio 444 to 1; Wt. 1825 lbs.; 
P30" 


Fig. 28. Example of a 4-cylinder car (Overland 4). 
“triplex suspension,’’ meaning that there are three points of contact on suspension. 
actual h. p., 27; crank-shaft main bearing, 3; wheel base, 100”; tread, 56”; 


one Clutch Housing 


Selectuee Gear Type 4 Cylinder Timer 


‘Transmission Engine Distributor 


Cross The ft 30 x 3h Tires 
Horn Button Een Auer Yol ee iS 
Carburetor Planetary | hes 
n Pe peel ce oe 
Brake Shafts Clutch Pe ad Note Bate os ater Inlet 
F Foot Brake Pedal arbu I\ mmo Fan 


Clearance 914”: 
Rear axle % floating with \spiral bevel gears; 
. Spring base 


Hot 


Gene- 
ir | rator 


Spring Cantilever 
Three Point 


Note the spring suspension used on this make of car, which is termed 


Engine, 4 cylinders; bore, 3-34", stroke 4"; 


; rear-axle ratio, 444 to 1; rear-axle shafts, 34 floating; 


transmission sliding gear, three speeds and reverse; clutch, lubricated single-plate type; unit power plant; tire sizes, 30” x 314’; 


weight, approximately 1825 lbs.; clearance, 914”, 


. 


water capacity, 334 gal.; 
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Locomobile Chassia, 


Fig, 29. Example of a 6-cylinder heavy car (Locomobile 48). 
crank-shaft main bearing, 5; wheelbase, 142”; tread, 56"; tire sizes, 37’ x 


The ''38"' Type R-7. The ‘'48"" Type M-7 


Engine, “a cylinder; bore, 414"; stroke, 5 
; fuel capacity, 30 gal.; 


transmission, four speeds and reverse; clutch, multiple ‘dry disk; rear Rape full floating. 


44"; actual h. p.,90; 
water capacity, 734 gal.; 
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AXLES; DIFFERENTIALS; BEARINGS 


FRONT AXLES 


The front axle of a modern car carries about 80 per 
cent of the weight of the engine, and must at the same 
time withstand the shocks and jars that it receives 
through the steering wheels; it must therefore be 
strong and stiff. It also carries about 20 per cent to 
40 per cent of the weight of the entire car. . 


Front axles are of two types: tubular and solid 
(Figs. 1 and 2). Formerly, axles were made of 
heavy steel tubes, but steel drop forgings with a 
cross-section of the form of the letter 1, are con- 
sidered to give better results. 


The center of the axle is usually bent down, so 
that it is the lowest point of the car except the 
wheels; this is done in order to protect the mechan- 
ism from being struck by high spots in the road. A 
rock or stump, standing up high enough to hit the 
fly wheel, will first strike the axle, which is strong 
enough to withstand a blow that could easily 
damage the engine. 


The steering spindles are that part of the front 
axle on which the front wheels revolve and are made 
of nickel steel, heat treated. The steering spindles 
are sometimes fitted with either roller or ball bear- 


ings. The steering knuckle is that part which fits 
into the yoke of the axle. The steering arm of the 
device connects with the steering knuckle thrust 
arm, and the movement of the steering wheel guides 
the direction of the wheels. See page 910 for types 
of front axle steering knuckles (the Elliott and 
Lemoine). 


FIG) Straight Tubular, 


Front Axle 


Rear Axle.Double 
chain-drive.Axle 
does not reyolve, 
callea"dead” 


REAR AXLES 


There are two types of rear axles: ‘(dead axle” and 
‘ive axle.” (Load is 60 to 80 per cent of car weight.) 
Dead axles are stationary, with the wheels run- 
ning free on the end of the axle, and are usually 


made as shown in Fig. 3. The wheels are usually — 


revolved by chain and sprocket. 

Live rear axles is the name given to axles that 
revolve with the wheels, and are known as “plain” 
live axle, “semi-floating’ axle, ‘three-quarter 
floating” axle, “full-floating” axle. 

The axle shafts on a live axle are in two sections 
(see G, Fig. 7, page 16). The inner end connects 
with the differential gears; the outer ends connect to 
the wheels. It is necessary to support the axle 
parts in a strong housing (H) and to brace it in 
order that the parts of the axle do not sag or get out 
of line. 

Types of Live Rear Axles 


There are two types: the “plain live rear axle” 
and the “floating live rear axle.” 

The plain live rear axle is the type where the 
inner ends of the axle shafts support the differential. 
See Fig.3A. Note that the bearings are on the axle 


N\ BEARING DIRECT 
ON AXLE SHAFT 


SAREE R ASEH = 


Fig. 3A. Plain live type of rear axle. 
Fig. 3B. Floating type of rear axle. 


shafts: see also the Ford rear axle, page 1097. If 
the axle shafts are withdrawn the differential would 
drop out of place. 

To remove axle shafts the complete rear axle assembly must 


be removed from the car and the “divided housing” separated, 
as in Fig. 39, page 1096. Sce also pages 862, 863. 
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The floating rear axle is the type where the 
differential supports the inner ends of the axle 
shafts. See Fig. 3B. Note bearing is on outer 
ends of differential housing. If axle shafts are 
withdrawn differential would not drop out of place. 


Types of Floating Rear Axles 


There are three types, the “full-floating,” ‘“semi- 
floating,” and the “three-quarter floating.” The 
floating type is used more than the plain live type. 
See also page 863. 


The type of floating axle is determined by: (1) 
whether or not the wheel bearing is on the outer end 
of the axle shaft or on the axle housing; (2) the 
location of the bearing or bearings; (3) the method 
of connecting the axle shaft with the wheel. 


Full-floating type (Fig. 4). Two bearings in each 
rear wheel are mounted on the axle housing, placed 
on each side of the center of the wheel. Thus the 
wheels run on the housing and the housing supports 
the weight, not the axle shafts. 

All of the bending stress due to weight or static force and to 
skidding force is carried by the housing. 

The outer ends of the axle shafts are not supported 
by the wheels which do not depend upon the axle 
shafts for alignment. The wheel could run inde- 
pendently of the axle shaft in its bearings on the 
housing if necessary. Thus the axle shafts turn 
freely within the housing and bear only the torque 
(twisting effect) or stress of turning the wheels. 
The axle shafts are said to “float”? within the housing. 


The wheel can be driven by a jaw clutch or flange, 
but the true full-floating axle is driven by a jaw 
clutch (D, Figs. 4 and 4A) which fits into notches 
in the driving flange (F). Note (D) is an integral 
part of the axle shaft. 

Note: On some types of full-floating axles (see Fig. 35, page 
877), the axle shaft is keyed (sometimes squared, or splined on 
others) to the flange and to remove the axle shaft the flange bolts 
are removed. ‘This is termed a “seven-eighths floating type.” 

To remove axle shafts (Fig. 4), it is not necessary 
to remove wheels. Remove hub caps (not shown) 
and withdraw shafts (sec also page 864). Techni- 
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cally speaking, the axle is not a true full-floating 
type if the shaft is keyed to the wheel. 


BEARINGS ON 


SPLINE 


D 
5 FIG. 4A ATRUE FULL-FLOATING AXLE SHAFT FIG, 5A. A SEMI OR 34 FLOATING AXLE SHAFT 


Semi-floating type (also called a ‘fixed-hub” 
type) is shown in Fig. 5. Outer ends of axle shafts 
are fixed, or keyed to the hubs of wheels, usually 
with keys (F) and nut (N). 


The bearings (one on each outer end) are mounted 
directly on the axle shafts; thus the axle shafts 
support the weight, and carry the bending stress, 
torque, and the skidding and turning force. 


To remove axle shafts (Fig. 5): The axle shafts 
on most semi-floating axles can be withdrawn from 
the axle housing without removing the entire rear 


External Brake 


interna] 
Brake < 


axle, but it is necessary first to remove the wheels 
by loosening nuts (N) and draw the wheel off with 
a wheel puller; see pages 863, 864, 883 for further 
instructions. 

For removing differential on different types of rear axles, 
see pages 863, 879. 

The three-quarter floating type, also called the 
“flanged-hub” or “flanged-shaft’”’ type, is shown in 
Fig. 6. The rear axle housing extends into the hubs 
of wheels as in the full-floating type. The outer 
ends of axle shafts fit into the hub flange and are 
splined as in Fig. 6 (could be keyed), and the flange 
is bolted to the wheel hub. Only one bearing is 
used on each wheel hub, usually placed directly 
under the center of the wheel and mounted on the 
axle housing (the two bearings in Fig. 6 are con- 
sidered as one set of bearings). 


The outer end of axle shafts are supported by the 
wheels which depend upon the axle shafts for 
alignment. 


In the flanged-shaft axle, especially where only one bearing 
is used under the center of the wheel, the stresses (strains) are 
quite similar to those in the semi-floating type. The skidding 
force and that of turning corners is on the axle shafts. 

To remove axle shafts (Fig. 6) it is not necessary 
to remove the wheel, but to remove the flange bolts 
and pull out the flange and axle shafts. See also 
pages 863, 868, and Fig. 27, page 921. 


Propeller Shaft 
A 


Torque Tube 


Axle 
H Shaft 


Axle Housing 


Differential 


BevelGear Differential Bearing 


Fig. 7. Mlustration of a three-quarter floating type of rear axle (Marmon as an example), complete wi i 
. Nu 3 ar 3 . e with b 
(E). The driving axle shaft (G), does not support any dead weight. The road wheels run ee heetnes ®) A 


sleeve or casing of the axle. The details are as follows: 


Note, 


(F), thence by the inside pinions to each half of the driving axle. 
gear to the chassis by means of torque tube or hound rods bolted to the upper an 
tendency for the whole casing to twist round from the reaction of the driving efforts 


serve as torque rods, 


: ne en (A) propeller-shaft ion; ivine=pini ; % 
bearings; (DY bevel-driving pinion; (E) large bevel; (F) die orcntiel pear: (G) halt orataens Sage ex negeerpree sed aoe 


(I) ball bearing for wheels; (J) driving ends of axle (squared or keyed) ; (K) roller beari in di i : 
and external brake; (M) hub of detachable wire wheel; (N) casing enclosing bevel eae Sao op 
The power is transmitted from the driving bevel (D) to large gear (E) this being bolted to the case of the differential 

It is usual to “anchor” the outer casing enclosing the differential 


(H) tubular outer casing or sleeves 
(L) drum of internal 


d lower points of the gearcase which counteract the 
On some cars the rear springs are made to 


The thrust, which is heavy between gears (D) and (E) is taken up by ball bearing (C). 


TYPES OF REAR-AXLE DRIVE GEARING 


W- DRIVEN BEVEL 
GEAR 


BEARINGS. P- DRIVE PINION 


Fig. 8.—Straight-tooth 


BEARINGS 
bevel gears. 


The power of the engine is transmitted at right 
angles to the rear axle and road wheels by means of 
bevel gears (P and W, Fig. 8), or by a worm and 
worm gear (Fig. 10). Bevel gears are used on passen- 
ger cars and the teeth are either straight cut (Fig.8), 
or spiral, or helical (Fig. 9). The ratio of the 
diameter of these gears ranges from 384tol,tod5tol 
and the ratio determines the high gear or direct 
drive of the car. 
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The “spiral” or “helical tooth bevel gear’ (Fig. 
9), is a popular type of gear tooth used to a con- 


SPIRAL BEVEL PINION 
HELICAL TEETH. 


Fig. 9, Spiral or netics bevel gears. 


siderable extent. 


This type, if accurately made, is 
very silent. 


In a straight-tooth bevel gear (Fig. 8), any given 
tooth goes in and out of mesh at one time along its 
entire length. In the helical bevel the meshing 
starts at one end of the given tooth and gradually 


moves towards the other end. Therefore, two heli- 
eal teeth are in mesh at all times. 


The “worm and worm gear” is used quite exten- 
sively on electric and commercial cars or trucks, 
where a large reduction of gearing is necessary. It 
is replacing the double-chain drive. It is made with 
the worm overhead, or underneath. The worm 
drive is very quiet and efficient. 


The ‘single-chain drive’ is now obsolete. It 
will not therefore be dealt with. 


THE DIFFERENTIAL 


Purpose of the differential: It is necessary to 
fit an automobile with differential or compensation 
gears, in order that the rear wheels may revolve at 
different speeds when the car turns a corner, while 
at the same time both are being driven by the engine. 
This gear is automatic, and operates according to the 
resistance of the road against the wheels. 


Principle: There is more resistance to the turn- 
ing of the inside wheel than the outside wheel when 
the car is turning; consequently the outside wheel 
may revolve faster. It is necessary for the outside 
wheel to revolve faster, because it has a longer dis- 
tance to travel than the inside wheel. The same 
applies to a wagon, but the wagon wheels run free on 
the axle, therefore a compensating device is not 
necessary. 


In illustration of this, see Fig. 12, and note that 
if the car is turning to the right, the wheel A must 
revolve faster than wheel B. Also refer to Fig. 11, 
and note that the axle shaft A, being attached to the 
wheel, must revolve faster than axle shaft B, when 
turning to the right and vice versa if turning to the 
left. Therefore, to compensate for this difference in 
speed of the two wheels and axle shafts, bevel gears 
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(E) on the ends of the axle shafts (Fig. 11), mesh 
with the small bevel gears (D), called “‘compensat- 
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ing” or ‘differential gears,’’ which are free in bear- 
ings on the housing or differential case attached to 
driven-ring gear R. 

As long as the car travels straight ahead and the 
resistance of both rear wheels is the same, these gears 
(D) do not turn, but when the car turns, then greater 
resistance is offered to the inside wheel; therefore 
the compensating gears (D) with their spindles (DI), 
turn in their bearings, permitting the outside wheel 
to revolve faster than the inside wheel. In fact, 
the inside wheel could be stationary or revolve 
backwards if necessary. 
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If resistance is greater on one axle shaft than on the other, the small bevel gears (D), with their 
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A study of Figs. 11, 12, 13, and 14 will make this 
principle clear. Note that the drive of the rear axle 
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Fig. 13 


is through the drive pinion P, to gear R, thence 
through the differential case attached to it, then 
through the compensating gears D, to the bevel 
gears E, attached to the ends of the rear-axle shafts. 
You will observe that either axle shaft (A or B) could 
be held stationary, yet the other shaft could revolve. 


Fig. 14 


Example of Differential Action 


In order further to understand the action of the 
differential, refer to Fig. 11. Let us assume that 
the gear ratio of the rear axle is 4 to 1, which would 
mean that the ratio of bevel-driven gear (R) to drive 
pinion (P) would be 4 to 1. Consider that the 
engine is running at the rate of 1,000 r.p.m. 


Consider gears (D) stationary, that is, we will 
assume, for the sake of explanation, that the spindles 
(DI) cannot turn on their bearings. Since the 
engine is running at 1,000 r.p.m., and the gear ratio 
is 4 to 1, the bevel-driven gear (R) would revolve 
1,000+4=250r.p.m. Since the gear (R) is directly 
attached to the differential case, the latter will also 
revolve at the rate of 250 r.p.m. As we have con- 
sidered the differential gears (D) as being stationary 
with respect to the differential case, they merely act 
as a direct connection between the differential case 
and the axle-shaft gears (E); consequently gears 
(E) will also revolve at 250 r.p.m., causing axle shafts 
(A) and (B) with their wheels to revolve at 250 r.p.m. 
This is exactly what happens when the car is travel- 
ing straight ahead, since there would be no effort 
exerted to cause gears (D) to revolve; consequently 
we can consider them stationary as assumed above. 


Now consider gears (D) free to revolve, that is, 
we will permit the spindles to turn in their bearings. 
Now let us hold the axle shaft (B) stationary, and 
see what happens. The gear (E) attached to (B) 
will also remain stationary. The gear (R) and the 
differential case will still revolve at 250 r.p.m., thus 
causing the spindles (DI) to pass around the station- 
ary gear (E) attached to (B) at the rate of 250 r.p.m. 
This would cause the gears (D) to revolve rapidly 
within the differential case as they rolled around the 
stationary gear (E) attached to (B). Now let us 
consider what happens to the gear (E) attached to 
the axle shaft (A). The motion of the differential 
case would tend to revolve (A) at 250 r.p.m. as 
explained above, but the rapid rotation of the gears 
(D) would also impart a further rotative effort to 
the gear (E) attached to (A), with the result that (A) 
would revolve faster than 250 r.p.m. This is 


exactly what would happen if the car was abruptly 
turned to the right, as (B) would then remain 
stationary. 


The relative speed of (A) to (B) can aly be 
determined, because the sum of the speeds of (A) 
and (B) will always equal twice the speed of the 
driven bevel gear (R). Let us assume that (R) 
revolves at 250 r.p.m. as stated: then the sum of 
the speeds of (A) and (B) would be twice 250= 500. 
If (B) is permitted to revolve at 250 r.p.m., then (A) 
will also revolve at 250 r.p.m., since their sum is 500. 
If (B) is only permitted to revolve at 100 r.p.m., 
then (A) will revolve at 400 r.p.m., since 100+400 
=500, or, in other words, 500—100=400. If (B) is 
permitted to revolve at 200 r.p.m., then (A) will 
revolve at 500—200=300 r.p.m. 


Thus is seen the effect of the differential when the 
car is making a sharp or gradual turn. When mak- 
ing a gradual turn, (B) will revolve at nearly the 
same speed as (A), while, when making a sharp turn, 
there will be a great difference between the speeds 
of (B) and (A). 


Q. 1: If the car was driven through mud, snow, sand, or on a 
greasy street, and the wheel attached to the axle shaft (B) 
(Fig. 11) should strike an obstruction that would cause 
that wheel to stop, describe what would happen. 


Ans: Gear (E) attached to axle shaft (B) would also stop, thus 
causing the wheel attached to axle shaft (A) to spin, since 
it has slight traction on the slippery road. 


Q. 2: Suppose you were starting from a standstill on a slippery 
road and one wheel should start to spin, and the car failed 
to move, what would be the reason and remedy? 


Ans.: The wheel which is spinning would have no traction, that 
is it could not grip the road; thus it would spin and the 
other wheel, even though it had traction, would remain 
stationary. The remedy would be to put on skid chains, 
if available, or to tie a piece of rope around the tire, or to 
throw dry dirt or twigs under the wheel which spins, in 
order to give it traction or grip. 

Q. 3: When the wheel spins, for example, the one attached to 
axle shaft (B) (Fig. 11), what action is taking place in the 
differential? 

Ans.: The drive pinion (P) would be driving the driven bevel 
gear (R) thus causing the differential case to revolve with 
it. The axle shaft (A) with its gear (E) would remain 
stationary; the differential gears (D) would revolve rapidly 
around the stationary gear (E) attached to axle shaft (A). 
The motion of the differential case would tend to rotate 
gear (E) attached to (B) at the same speed as that at which 
the differential case is rotating, and the speed of (B) will be 
further increased by the fact that the gears (D) are revoly- 
ing rapidly, as formerly explained. 

When a double-chain drive is employed, the dif- 
ferential is placed on the jack shaft. The jack shaft 
is In two parts similar to a live axle. 

Spur-gear differential: Most of the differential gears 
the bevel-tooth type. The spur-gear type (Fig. 15) is eee 
used. Note that the illustration is that of a differential with 
a sprocket which was formerly used on a single-chain driven car 
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BEARINGS 


Every part of the car that moves with a rotary 
sliding, or other motion is supported in bearings, 
which together with proper lubrication reduce wear 
and friction. 


J 


There are three different typ i 1 
: pes of bearings 
general use: the plain, roller and ball bearings. he 


AXLES; DIFFERENTIAL GEARS; BEARINGS 19 


Bearings are called upon to do two kinds of work: 
to take a radial load or a thrust load or a combina- 
tion of both. 


A radial load is a load or pressure perpendicular 
to the shaft supporting the load. For instance, the 
wheel bearings of an automobile, when running on a 
perfectly level road, are subject to radial loads. 

Thrust load is a load or pressure parallel to or in 
direction of the shaft. When the automobile strikes 
a curve, a thrust load is imposed on the bearings in 
the wheels—that is, to the side, or endwise. 


Fig. 16 


Rigs) U7 Fig 18 
Fig. 16. Pure radial load. 
Fig. 17. Combined radial and thrust load. 
Fig. 18. An awkward way of resisting a combined end- 


thrust and radial load. 


We might illustrate the relation between thrust 
and radial loads in this way: A man could be con- 
sidered as being subjected to pure radial load when 
walking on an absolutely level surface (Fig. 16), 
but when this man walks along a hillside, without 
either ascending or descending the hill, as illustrated 
in Fig. 17, he is subjected to a combination of 
radial and thrust load; the thrust load having a 
tendency to push him down the hill. 


If a straight roller were called upon take a 
thrust load as well as a radial load, it might be com- 
pared to the man in Fig. 18, he would need a crutch 
to prevent his toppling over. Therefore a ball- 
thrust bearing would be necessary at the end of 
the straight roller bearing (Fig. 22, below). 


Plain bearings are usually on the main crank 
shaft, cam shaft, and connecting rods of an engine 
and take a radial load. Plain bearings can also be 
designed to take thrust loads. 

Roller bearings are used in the wheels, rear axle, 
transmission, and other places and when straight, as 
in Fig. 19, they can only take aradial load. The roller 
itself runs over an inner race and inside of an outer 
race, case hardened. 


When a roller is tapered, it runs over a cone-type 
hardened race (Fig. 20), and inside of an outer race, 
arranged as in Fig. 21. This type of roller bearing 
will take a radial and a thrust load without the use 
of a separate thrust bearing. 
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1 From American Automobile Digest. 


The groove in the race and roller (Fig. 21) take 
the thrust load as well as the cone shape wee 
A aero ones poate, to take a thrust load 
as well as a radial load, would require a s 
thrust bearing (Fig. 92), pee 
Ball bearings are also used on the wheels, rear 
axle, transmission and other places and are divided 
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Fig. 23 


Fig. 24 
into three general classes; cup and cone, annular, 
and thrust. 
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Fig. 25 Fig. 26 Fig. 27 


_ The cup and cone bearing is shown in Fig. 24, and 
is used on many cars in the front wheels. This type 
of bearing is used extensively on bicycles. It is 
designed for radial loads, but is capable of with- 
standing considerable thrust also. It is adjustable. 


The annular ball bearing is a bearing with an 
inner and outer race, which is grooved and hardened. 
They are not adjustable. This type can be a 
“single row” of balls (Figs. 23 and 25) or “double 
row” (Fig. 26). The single row takes a radial load. 


The races of the double row are so shaped that 
it will withstand considerable thrust as well as a 
radial load. It is used where space would not per- 
mit the use of a separate radial and thrust bearing. 
This bearing is used extensively for supporting the 
drive pinion and taking the drive-shaft thrust in the 
rear axles. 


The ball thrust bearing is shown in Fig. 27. This 
bearing can be used only where the load or stress is 
strictly a thrust or end-to-end load. This type is 
often used in clutches and is extensively used on the 
propeller shaft driving the propellers of motor boats. 


The two parts the balls touch are called races. 
The one or two balls at the lower side support the 
entire weight and must be strong enough to hold up 
without being crushed. In automobiles, the balls 
are large and run in size up to 1 in. di. hardened and 
polished. 


Sometimes balls wear flat or crack; if so a click 
will be heard and they must be replaced with perfect 
balls at once. 


If one or more of the balls break in the annular 
self-contained bearing, pick out the pieces and run 
in on it and immediately secure another complete, 
or have it repaired by the manufacturer or a con- 
cern specializing in this work. If a ball breaks in 
a cone-type bearing it can be replaced. 


INSTRUCTION No. 5 
CLUTCHES: Principle and Construction 


GENERAL EXPLANATION 


Purpose of the Clutch 

The word ‘‘clutch” as used in connection with 
automobiles, indicates a device attached to cars 
having change speed gears of the sliding type, which 
permits the engine to be connected with, or discon- 
nected from, the transmission, so that the car may 
or may not move while the engine is running. 

The clutch is connected and disconnected from 
fly wheel of the engine by a foot lever. 

When disconnected from the flywheel of the 
engine there is then no connection between the 
engine and rear axle. 


When the clutch is connected with the flywheel 


of the engine, the power of the engine is connected 
with a rear axle—if the gears of transmission are 
not in “neutral” position. 


If gears are in neutral position, the power of the 
engine would end at the end of the secondary shaft 
of transmission. 


While other types of transmissions require 
clutches, they are of special kinds, and will not be 
referred to in this instruction. (The Ford, for in- 
stance, uses a different principle.) 


Because a steam engine has behind it the pressure 
of the boiler, it can be called on to supply much 
more than its regular horse power for short inter- 
vals. A gasoline engine has no reserve power to 
call on, and cannot deliver more than a fixed horse 
power. 


When the gasoline engine is required to start the 
car, it must overcome the inertia of the car. This 
might be greater than the power of the engine could 
accomplish, and the engine might be stopped instead 
of the car being started. 


If the clutch made an immediate connection be- 
tween the engine and the drive, the power of the 
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engine would have instantly to overcome the in- 
ertia of the standing car. 


The power of the engine coming from the revolv- 
ing of the fly wheel, and the explosion that might 
be occurring in one of the cylinders, it would prob- 
ably be stopped instead of the car being started. 


If, however, the clutch is made so that the engine 
takes hold gradually, the inertia of the car will be 
overcome, and it will move faster and faster as the 
clutch permits the engine to apply its power more 
and more. 


This is done by making the clutch in such a way 
that when it is applied, it slips, instead of instantly 
making a connection between the engine and the 
drive. 


When the clutch is “let in,” it connects the crank 
shaft of the engine through the fly wheel with the 
transmission through the clutch shaft, and if the 
gears are in the “neutral” (gears out of mesh) posi- 
tion, the counter or secondary shaft in the gear case 
of transmission will revolve without moving the car. 


If the clutch is “in” and the gears are meshed, the 
course of the power from the crank shaft of the 
engine (Fig. 1) will then be through clutch, through 
gears, through drive shaft, driving pinion, large 
bevel gear on differential, through differential gears 
to axle shafts and wheels. 


Clutches have two chief parts: one part (usually 
the fly wheel) is attached to the crank shaft of the 
engine, the other part (cone or disk or plate) is at- 
tached to the clutch or main shaft of the transmis- 
sion. 


When the two parts are separated, that is to say 
when the “‘clutch is thrown out” by the clutch pedal, 
they are independent of each other and the engine 
can run without moving the ear. 
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Fig. 1. Mlustration explains how the power is 
Note drive parts are fly wheel, clutch, clutch shaft, drive gear 
driven pears are the sliding gears (X) on the square shaft (T). 
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(O), secondary shaft gear (S), and gears on secondary shaft. The 
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tral” or not in mesh. (This end of the 
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Clutch Action 


Note in Fig. 1 the power from the engine is trans- 
mitted to the clutch shaft only through the clutch 
when in the rim of the fly wheel (if disk or plate 
type, then by the disks or plates as explained under 
that type of clutch). 


Observe that the clutch shaft does not connect 
with the engine, but runs free at the end (Y), at all 
times in the hub of the fly wheel. The cone part of 
the clutch is connected with the clutch shaft so 
that when the cone turns, the clutch shaft must 
also turn. But observe that the cone slides on the 
square part of the clutch shaft so that it can be 
pushed out by the pedal or in by the spring. See 
also, Figs. 2 and 3. 


When the friction part of the cone is out of the 
fly wheel, power ends at the fly wheel. 


When the clutch isin, then power ends at the end of 


the secondary or countershaft, if gears are in | 


neutral, in which position they are seen in Fig. 1. 


When the two parts are connected, that is, when 
the clutch is “let in” by releasing the clutch pedal, 
the clutch cone on the clutch shaft is forced into 
frictional contact with the inside face of the fly 
wheel by means of a clutch spring and held there. 
The two parts being thus connected force the clutch 
shaft, gears (O and S) and secondary shaft to 
revolve with the engine, but do not drive the car 
unless the gears on the secondary shaft and the 
square shaft (T) are in mesh, or unless connection 
is closed at Z (Fig. 1) by dogs or an internal gear 
connection, which would be high speed. 


When the clutch is “let in,”’ the part on the fly 
wheel does not grip the part on the cope clutch 
immediately, unless they are moving at the same 
speed. 


If they are moving at different speeds, which is 
usually the case, or when the part on the trans- 
mission is stationary, the two parts slip. This 
slipping continues until the two parts revolve 
at the same speed, when they bind together 
firmly. When “thrown out,” they must separate 
instantly. 


A disk or any other type of clutch used with the 
gear type of transmission is placed in the same 
relative position, back of the fly wheel, between 
the fly wheel and gear case. Although the construc- 
tion may vary, the reader will note that the clutch 
is necessary on all cars. 


Clutch pedals: The left-foot pedal on all cars 
of standard design is the ‘clutch pedal” and on the 
right the ‘foot brake pedal.” 


Types of Clutches 


There are four types of clutches in general use: 
the cone, disk, plate, and expanding type. 


The disk clutch (formerly called the “multiple 
disk’) is a clutch with more than three disks and 
can be a lubricated disk clutch or dry disk clutch. 
A plate clutch is one wherein one plate is clamped 
between two others 


The Cone Clutch 


This type of clutch is built into the fly wheel, and 
the fly wheel forms one of its parts. The rim of the 
fly wheel is broad, and the inside of the rim is made 
slightly funnel-shaped, forming the surface against 
which the cone part of the clutch presses (Fig. 2). 


The surface of the cone that bears against the fly 
wheel rim is often covered with leather. Some 
manufacturers use fabric material, running in oil. 
This part can be replaced. 
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The Disk Clutch 


The disk clutch (formerly termed “multiple 
disk’’), consists of a number of disks which are 
pressed together when the clutch is “in,” the 
friction between them causing one to drive the 
other. This type of clutch is very compact, and is 
frequently built inside of a metal housing cast to 
the engine frame. See Fig 4, next page. 


To illustrate the principle of the disk clutch 
place a silver dollar between two silver half-dollars, 
and squeeze them together between the thumb and 
forefinger of one hand. With the other hand, try 
to revolve the dollar, but not moving the halves. 
It requires only a slight squeeze to produce suffi- 
poo friction to make it impossible to move the 
dollar. 


Multiple disk clutches are of two general types: 
those that operate in an oil bath and those that run 
dry; called lubricated and dry types. 


The lubricated disk cluten runs in oil; its disks 
are usually alternate steel and bronze or all steel 
disks. The type that runs dry is usually composed 
of steel disks, one set of which is faced with a fric- 
tion material of woven asbestos fabric. 


Principle of the Lubricated Disk Type 
of Clutch 


Parts: Fig. 5 shows the parts of the clutch sep- 
arated from each other. The disks (A) are at- 
tached to the flange on the engine shaft; the smaller 
disks (B) are attached to the transmission shaft. 
The large disks (A) and small disks (B) are placed 
alternating. 


The two flanges (F and F1) have pins extending 
from them, the disks (A and B) having holes so that 
they may be slipped on the pins or studs (P, P1). 


The studs (P1) of the small disks (B) pass through 
the openings in the large disks. Thus the outer 
edges of the small disks come in contact with the 
inner edges of the large disks. All of the small disks 
(B) connect with flange F1, which has a square hole 
and slides on the clutch shaft by movement of the 
clutch pedal. 


All the large disks (A) connect with the flange (F), 
which is connected to the engine shaft. 


Assembled clutch: As will be seen from Fig. 4, 
which is the clutch assembled, the two flanges are 
connected only by the friction between the large 
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and small disks, when the spring presses the parts 
together. The entire clutch is placed inside a casing, 
and runs in oil. 
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Fig. 5 


When the clutch pedal is pressed forward, the 
clutch is “thrown out,’’ the oil then flows between 
the disks and when the clutch is “in” and the spring 
presses the disks together, the oil is squeezed out 
from between them. While it is being squeezed out 
the clutch is slipping, and it begins to bind when the 
pressure has squeezed it out and the disks in conse- 

uence feel the effect of the friction. When the 
clutch is “thrown out,’ one set of disks may re- 
volve independently of the other, for they are not 
connected in any way. 


Hele-Shaw Lubricated Type of Disk Clutch 


In the Hele-Shaw disk clutch (Fig. 6), a similar 
principle is adopted. The plates consist of a 
number of alternate bronze and steel disks much 
thinner. They are corrugated to increase the grip. 


Half the plates are rotably connected by grooves 
with the driving member, and the alternate half 
with the driven member. When the clutch pedal is 
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Fig. 6 


released, the clutch spring presses these disks to- 
gether, and they all rotate as a solid mass. When 
the clutch pedal is depressed, the spring pressure is 
removed and the plates separated. 

Referring to the illustration (Fig. 6) the outer oil-tight case 
(1), to which the driving bronze plates (16) are keyed, is bolted 
to the fly wheel of the engine, The inner core (2) is keyed 
ey a the clutch shaft and to it are keyed driven steel 
plates Ne 
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The clutch is shown engaged as normally held by the spring 
4) which actuates the ring (7) and the sliding presser (3). 
To facilitate quick disengagement, small springs (26) are fitted 
between the disks. 

The case is oil-tight, provision being made for the replenish- 
ment of the oil through a plug (6) for the purpose. 


Adjustments are made by means of an adjusting nut (8), and 
excessive spinning or dragging is prevented by a cone brake (10). 


Principle of the Dry Disk Type of Clutch 


Fig. 7 illustrates a dry disk type of clutch used 
on the Cadillac. The driving disks (A) are covered 
on both sides with a friction material, composed 
largely of asbestos, and are driven by six keys in 
the clutch ring (H) which is bolted to the engine fly 
wheel (G). 

The driven disks (B) are not covered. These disks 
are carried on the clutch hub (E) and drive it 
through six keys on the hub. The clutch hub is 
keyed to the transmission shaft (F). 


Fig. 7. The Cadillac disk clutch—dry type. 


When the clutch is engaged by allowing the clutch 
pedal to come towards you, the spring (C) forces all 
of the disks together. The resulting friction be- 
tween the disks (A) and (B) drives the clutch shaft 
(F) and the car, when the transmission control lever 
is in other than the neutral position. 


There are no adjustments. The clutch pedal 
should be adjusted occasionally to compensate for 
wear on the facing of the clutch disks. There is one 
point (D) on the clutch for lubrication. 


_ There are 17 steel plates, having 9 driven disks and 8 drivi 
disks. The coil spring is held under 300 ibe. (ecen host ayaa 


The Single-Plate Clutch 


TheS. A. KE. term the disk clutch (formerly call dth 
“multiple disk’’) a clutch with more than three ances 


The single-plate clutch is where one plate is 
clamped between two others. It is a popular type 
of clutch. It is a variation of the disk type, the 
latter comprising a large number of narrow disks 
while the single-plate type usually consists of but 
three broad disks or plates, the ordinary type having 
two driving plates and one driven plate. 


_ An example of a single-plate clutch is descri 

in detail in the following matter. In this ree pe 
clutch effect 1s created by wedging the plate. The 
type which will now be described is the Borg and 
Beck make, shown in Fig. 8, next page. 


ADJUSTMENT PARTS 


1—Olutch-Casing—cast with fly wheel. 
2—Oasing-Cover—carrying adjustment-ring. 
3—Oover-Slot—for adjustment-bolt. 
4—Adjustment-Bolt-—for take-up action. 
5—Adjustment-Ring—mounts thrust-levers. 
6—Thrust-Lever (bell-crank)—mounts roller. 
7—Thrust-Roller—acts against thrust-ring. 
8—Thrust-Ring—acts against asbestos ring. 
9—Driving-Pin—for. thrust-ring. 
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ADJUSTMENT ACTION 


10—Friction-Ring—asbestos. 
ee ee ee 

—Pilot Ball-Bearing—for end 
13—Olutch-S ep phang y net by ae halt. 
14—Thrust-Spring—acts on ‘‘bell-crank’’ trans- 
15—Throw-out Coll h 

—Throw-ou ollar—on throw-out slé 
16—Throw-out Sleeve—centered on See 
17—Throw-out Yoke—non-rotating. 
18—Thrust_ Ball-Bearing—takes throw-out pull 
19—Brake-Plate—rigid on throw-out yoke. 
20—Brake-Collar—keved on shaft. 
21—Detachable-Casing—self-contained clutch, 
22——Mounting-Flange—bolts against fly wheel. 
23—Driving-Bolt—for thrust-ring (not shown). 
24—Shaft, Brake and Universal Connection (not 

phoma). 8 - 

25—Adjustment-Inéline—take-up seat for r b 
60—Bell-Crank Pivot—mounts rete end Lt 3 


Fig. 8 


Borg & Beck Single-Plate Clutch 


Principle: This type of clutch runs dry. The 
action is best understood when it is kept in mind 
that among the revolving parts, only the driven 
group: disk (11), shaft (13), and brake collar (20), 
can stand still when the fly wheel is running; all 
other parts being “anchored”’ to the fly wheel, must 
always revolve and drive with the latter. 


When clutch is ‘in’: The asbestos friction 
rings (10), though not positively attached to either 
the driving or the driven parts, will, in practice, 
“freeze” to the unpolished faces of the inner case of 
fly wheel and _thrust-ring (8). They will thus 
always run bodily with the fly wheel. 


When clutch is “out”: The foot lever is applied 
which telescopes the coil spring (14) back, by action 
of the throw-out sleeve (16), which causes the roller 
(7) to withdraw a sufficient distance from the face 
of the thrust-ring (8), to permit the latter, with its 
companion friction-ring (10), to “back away”’ bodily, 
from friction-disk (11), thus releasing the disk from 


the friction-grip, and permitting it and other driven 
parts to come to a stop, while the fly wheel and parts 
anchored to it revolve. 


Adjusting the Single-Plate Dry Clutch 


Take-up action:! The roller-seat face of the 
thrust-ring (8) is formed on three, equal suc- 
ceeding, take-up “inclines” (25); the ring being 
\y-inch thicker, at the high end of each “incline” 
(25) than at the beginning, or low end. The three 
thrust-levers (6) are mounted upon, and equally 
spaced by, the adjustment ring (5); and this ring 
is adjustably mounted against the inner face of the 
cover (2), by means of the adjustment-bolts (4), 
of which there are two, through slots (3) in the cover. 


When the bolts (4), are ‘‘slacked,” and shifted 
in their cover-slots (3), they control and shift with 
them the ring (5), the latter carrying with it the 
levers and rollers (6 and 7), thus shifting all the 
rollers to new seats against the non-shifting thrust- 


1 See also Index under “Borg & Beck clutch,” which is also 
discussed in the Repair Section of this book. 
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ring; and, these seats being farther up the ring 
“inclines” (25). Where the inclines are thicker in 
cross-section, the ring is necessarily thrust so much 
farther toward the other friction parts, to com- 
pensate for any friction wear, and to maintain, at 
all times, a perfect friction grip. 


Therefore to adjust the clutch, the clutch is held 
entirely out. With the clutch thus held “out,” it 
is only necessary to “‘slack’”’ the adjustment-bolts 
(4), tap either of them “clockwise,” in the slot (3) 
on the cover, a quarter or half-inch or any other 
distance required, thus shifting the ring (5), and 
carrying the levers and rollers to new seats, upon 
thicker sections of the thrust-ring. This compen- 
sates for the friction wear which made the adjust- 
ment necessary. 


If too much oil gets into the clutch and causes 
slipping: It will be necessary in this case to un- 
screw the bolts (4) about three turns, have some- 
one hold out-elutch, and let the oil drain out. It is 
also desirable to squirt gasoline into the interior of 
the clutch to wash out the oil. If slipping con- 
tinues, the trouble is due to oil working into the 
clutch housing and it must be separated from the 
main oil supply of the oil pan of the engine. 


Removing clutch: First remove the transmis- 
sion. Mark the clutch cover that bolts to the fly 
wheel with a punch and place a corresponding mark 
on the fly wheel, in order that it may be put back in 
the same position. The cover plate must not be 
turned. 

Replacing clutch: There are two asbestos fabric 
rings; one lies against the face of the fly wheel (10), 
next to this comes the driven plate (11), then an- 


other friction washer (10). The cast thrust ring 
(8) comes next, but before installing, make sure that 
the driving pins (9) are in place in the inside of the 
fly-wheel rim. Drop the thrust ring (8) in position, 
so that the three slots fit over the pins (9). The 
adjustment ring (5), with its parts assembled to it, 
should not be installed. The adjusting ring (5) 
fastened to the cover plate by means of two cap 
screws and cover plate bolts to the fly wheel. 


A clutch brake is provided, and this comes into 
action when the clutch pedal is pushed all the way 
down. The purpose is to stop the transmission 
gears from spinning when the clutch is disengaged. 
The throw-out collar (15) presses against the brake 
collar (20). The clutch brake is mounted on the 
transmission shaft and is faced with asbestos fabric. 


If the clutch is worn, trouble will be experienced 
when shifting gears into first speed when car is 
standing. The clutch will appear to drag and will 
continue to drive the transmission gears when fully 
disengaged, so it will be difficult to mesh the gears. 
To remedy this remove the oil pan; have someone 
hold out the clutch, while the throw-out clutch and 
collar are examined to see if the collar (20) actually 
touches the brake or not. If it does not, the trans- 
mission should be removed, and if the brake-friction 
facing is in good condition, there is no need of 
installing a new one. See that the throw-out is not 
coming in contact with the brake flange and ascer- 
tain if it should be adjusted so that these two points 
form a contact. 

Note. Always remember to drive with the foot off the clutch 
pedal. Make sure that the clutch pedal does not strike or 


press against the toe board. See also, Index under ‘‘Adjust- 
ing clutches.” 


UNIVERSAL JOINTS 


A universal joint is a flexible connection between 
two shafts, which permits one to drive the other, 
although they may not be in line. Refer to Figs. 


9, 10,and 11 and study the principle. Universal joints 
are usually placed forward and rear of the drive 
They are also termed ‘“‘cardan joints.” 


shaft. 


Rig. 10: 


_ Ube 
Universal joint in a straight line. Out of line. 


AXLE HOUSING 


TRANSMISSION 


Fig. 11. Angular drive. 


Fig. 12. Straight-line drive. 


Universal joints are necessary on automobiles 
with shaft drive, for while one end of the driving 
shaft is attached to the transmission shaft, which is 
on the frame, the other end is connected to the axle, 
and is constantly moving up and down as the wheels 


follow the roughness of the road. If no universal 
joints were used, the shaft would jam in its bearings 
from the up and down movement of one end of it. 


FLEXIBLE DISKS 


PROPELLER SHAFT 
UBE 


DRIVING SPIDER 


CORRUGATED WASHERS 
Fig. 13 


Another type of universal joint is the flexible 
Thermoid-Hardy (Fig. 13). This joint is used only 
on “straight-line” drive. It consists of flexible discs 
secured to spiders on the ends of the shaft by means 
of bolts and corrugated washers. This assembly 
is bolted between a spider on the rear of the trans- 
ee ano on the front of the pinion shaft. 

e only attention these joints require i 
all bolts are kept Geht P sf Se 


See Index for ‘Universal joints, adjusting,” ete. 


Angular and Straight-Line Drive 


The angular drive is where the tra ission i 
above the axle, as in Fig. 11. el 


The straight-line drive (Fig, 12) is 
drive shaft is in line when a ie is iMate Oe eS 
age load, and is thrown out of line only to the extent 
that the chassis moves up and down on the springs 
The variation is as great in one direction as another, 
eee oh, phe 2a Was type, the shafts are never in align- 
e universals are requi 
a considerable angle. Mion oe 


INSTRUCTION No. 6 
TRANSMISSION: Principle and Construction; Gear Shifts 


GENERAL EXPLANATION 


Purpose of a Transmission 


When a bicyclist wants to race on a level track, 
he gears up his wheel with a larger sprocket, so 
that one revolution of the crank takes him farther. 
Yet if he takes his wheel, with this large sprocket 
on the pedal shaft, out on the road where there are 
hills, he must get off and walk or exert an extra 
lot of power. This clearly shows that if a bicyclist 
wants to speed while on the level, and yet take all 
hills, he must change the drive sprocket. 


The same principle applies to the automobile. 
For this reason the automobile is provided not only 
with two changes of gears (instead of sprockets), 
but sometimes with three and even four changes of 
gears. ‘These gears are contained in a gear-box 
usually placed back of the clutch. 


The principle upon which all change-speed gears 
work is the fact that when two gear-wheels or spur- 
gears are meshed together the larger wheel turns 
more slowly than the smaller wheel. 


As an example, a gear-wheel with 10 teeth, in 
mesh with a second wheel having 20, would revolve 
twice as fast as the latter, the explanation being 
that when the 10-tooth gears of the smaller wheel 
have moved round once they will have engaged 
with only 10 teeth of the larger wheel, and there- 
fore will have turned the larger wheel through only 
half a revolution; that is, it will be necessary for 
the smaller wheel to revolve twice in order that the 
larger one may revolve once. 


With this piece of elementary information, we will 
observe that in the gear-box (see below) there are 
two shafts—the upper one coming from the engine 
through the clutch, and the lower one continuing 
to the back axle. 


TRANSMISSION OR 
GEAR BOX 


Bich: This illustration is intended to simplify the explana- 
tion. In actual practice the arrangement is slightly different. 


Each shaft is fitted with three different sized 
gear-wheels numbered in the illustration, 1, 2, and 3. 
Those on the upper shaft are fixed to the shaft it- 
self, but those on the lower shaft are able to slide 
on a keyway, to right and left along the shaft. The 
shaft is not round like the upper one, but is squared, 
so that although the sleeve of the gear-wheels can 
slide backward and forward, they cannot revolve 
independently of the lower shaft. 


In order now to vary the speed of the car, it is 
only necessary to slide the gear-wheels along the 
lower shaft until the correct two gears come into 
mesh to form the gearing required. 


The illustration, for instance, shows the inter- 
mediate speed-gear in mesh, but were we to move 
the gears to the right so that wheels 1 and 1 come 
into mesh, we should put the car on its first speed, 
that is its lowest speed, so that, with the engine 
running normally, the car would be moving very 
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slowly, the driving gear being much smaller than 
the driven gear. 


When, however, the sleeve is moved to the left, 
so that gears 3 and 3 mesh, the effect is reversed. 
Now we have the driving gear much larger than 
that driven, and the result will be that when the 
engine runs normally the car will be traveling at a 
very high speed. 


The sides of the teeth of the gears are usually 
made like the point of a chisel, so that when two 
gears are brought together they will mesh easily. 
(To ‘‘mesh” means that the teeth of two gear- 
wheels become engaged.) 


Types of Transmissions 


There are three types: the sliding-gear, plane- 
tary, and friction-disk type. 


_ The planetary type used on the Ford (Fig. 8), 
is explained in the Ford Instruction. The friction- 
disk type (Fig. 9) is now seldom used. 


There are two types of sliding-gear systems: 
the old-style progressive type (Fig. 2) and the 
modern selective gear type, pages 27 and 28. 


The progressive type was discarded because it 
was necessary to pass one gear through another 
which made a clashing noise and was difficult at 
times to operate. 


With the selective type it is not necessary for the 
sliding gear to pass through another gear. It is 
easier and quicker to operate and considerably less 
noisy. It is with this type that we shall deal. 


Gear Shifting 
r 


Leve I/ 
Lae 


Position 


First Speed Second 

; Speed 

Reverse, High 
Speed 


Segment? 


Bell 
Cranky 


oy Clutch 
l 

Fig. 2, A three-speed progressive type of transmission, 
showing the lever and gears in ‘‘neutral’’ position; an obsolete 
method. Note, in order for dog (A) to reach dog (D), which 
would be high gear or direct drive, it would be necessary for 
the sliding gear (S) to pass through gear (F); or to reach 
reverse, by gear (P) being meshed with (R), it would be neces- 
sary for gear (P) to pass through gear (E). 
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Location of the Transmission 


The location of the transmission on the modern 
type of car is where the transmission and clutch are 
connected to the engine in one unit, termed a 
“unit power plant’ (Fig. 3). 


OVERHEAD 
VALVES 


DETACHABLE 
HEAD 


BCEONDARY SHMFE—~ higs 3 

On some of the earlier type of cars the transmis- 
mission was placed adjoining the rear axle housing 
(Fig. 5). 


TRANS. Joint 


ENGINE 


FIG. Transmission 


ORIVE SHAFT 7 
TRANSMISSION 


i V7 3 i ( 
Driving 


Pinion <x 
Driving Chain 


FRICTION 
~ CLUTCH 


Fig. 6 shows the transmission separated from the engine. 
This method is used on the Locomobile. 


Fig. 7 shows the location of the transmission when used 
with a double-chain drive and a dead rear axle. 


Fig. 8 is the Ford planetary transmission location, explained 
under Ford Instructions. 


Fig. 9 is a friction-disk type of transmission, used on cars 
of the early period. The drive disk (DR) connected to the 
drive shaft transmits the power through the driven disk (DN) 
to the jack shaft, thence by sprockets and chain to the dead 
rear axle, 

The change of speeds is obtained by sliding the driven disk 
(DN) on the keyed shaft (S) by the lever (L). By this means 
several ratios of speeds could be obtained. The disadvantage, 
however, was due to slipping. This type is now seldom used. 


The Selective-Gear Type of Transmission 


This type is preferable, because of the absence of 
noise from the gears and because of the ease of 


LEVER. ——>} 


SLIDING GEARS 


Principle of Clutch and Gear Shift’ Bron 
Fig. 10 


operation. The 


Renee gear-change ratio, or gear desired, 
is “‘selecte 


by movement of the gear-shift lever 


y 
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and the shift can be made without one gear passing 
through another. 


The relation of the gears to the clutch is shown in 
Fig. 10. The principle of the selective type of 
transmission is shown on pages 27 and 28. 


Referring again to Fig. 10, note that the power is 
transmitted from the fly wheel to the clutch, thence 
from the clutch shaft to gear (O and S), through the 
sliding gear for first or second speed. For high speed, 
small dog-clutches on the sliding gear (X), on the 
square shaft (T), mesh with dogs on gear (O), 
which makes the drive direct to the rear axle. See 
also Fig. 12. 


Relation of Parts 


How the change of gears is obtained. Note, in 
Fig. 12, the square shaft (130) is independent of the 
clutch shaft (134). Also note, in Fig. 11, that the 
gear (128) and the driven gear on the countershaft, 
as well as the countershaft itself (129), always turn 
together. Thus power from the engine would end 
at shaft (129), providing sliding gears (SG-1 and 
SG-2) were in the position shown, which is ‘‘neutral”’ 


position. 
COUNTER- COUNTERSHAFT 
SHAFT co 


UNTER- 
2NO SPEED 
GEAR SHAFT (29 


COUNTERSHAFT 
LOWSPEED GEAR 


COUNTER- 
SHAFT 
REVERSE 
GEAR 


IDLER 
GEAR FOR 
REVERSE 


SG-2 LOW AND 
REVERSE SLIDING GEAR 


SG-1| SECONO AND 
HIGH SLIDING GEAR 


130-TRANS MISSION 
SQUARE SHAFT 


Fig. 11. 


Neutral position means the sliding gear is not in 
mesh with the gear that drives it. Therefore, with 
the position illustrated in Fig. 11, we could not drive 
the rear axle, even though the engine was running 
and the clutch “in.” 


First or low speed would be obtained b shifting 
gear (SG-2) in mesh with countershaft Ow-speed 
gear. Second speed, would be obtained by shifting 
sliding gear (SG-1) in mesh with countershaft 
second-speed gear. Third or high speed, would be 


WU ASS855 


diary 


“WAy— 128 


seas: Transmission square drive shaft (130) and sliding 
obtained by shifting (SG-1) forward so that dogs 
(139) would grip; then the drive would be direct to 
the rear axle, but the countershaft and its gears 
would also turn, but not being in mesh with the 
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driven gears it would make no difference. Reverse 
would be obtained by shifting (SG-2) back until it 
meshes with the idler gear, which would reverse the 
direction of drive shaft (130). 


Remember—gears cannot be shifted until the 
lever is brought to ‘neutral’ position. 


Fig. 13. The lower half of transmission with countershaft 


(129) and its gears which are permanently attached thereto. 
Idler gear (138), clutch or main drive gear (128), and clutch 
shaft (134) are also illustrated. 


A Modern Selective-Gear Type of 
Transmission 


The transmission in Figs. 11, 12 and 13 gives a 
clear explanation of the relation of one part to 
another. 


The modern transmission now uses internal gears 
instead of ‘‘dogs.’”’ For instance, see Fig. 18, page 23. 
Note that instead of “dogs” (139, Fig. 12), the gear 
(8, Fig. 18) has internal teeth which mesh with a 
smaller gear on the side of gear (9). 


The transmission (Fig. 18) is connected to the 
engine. It is therefore termed a “unit power plant.” 
There are three speeds forward and one reverse. 


Operation of the Gear-Shift Lever 


There are two types of gear shift levers: the “gate” 
principle and the ‘‘ball-and-socket”’ type. The lat- 
ter is used more than any other type. 


The gate type: The gate type is shown in Figs. 
14 and 15. A simplified explanation as to how the 
shift lever operates in relation to the shift bars 
(146 and 147) and shifting or sliding gears (SG-1 
and SG-2) will be made clear by referring to Figs. 
11 and 14. 


Fig. 14. View showing how the gear-shifting lever and the 
selector connect with the shifting bars. | The lever is now in 
“neutral” position, but if pushed to the inside gate or selector, 
it would shift the inside bar (146); if pushed to the outside 
gate position it would shift the outside bars (147). Note, that 
the lever moves sidewise as well as forward and backward. 


The movement of the gear-shift lever for different 
speeds varies on different cars. For instance, in 


BUSPEED 


Fig. 15 Fig. 16 


ee 15, A three-speed forward and reverse gate type gear 
shift. 


Fig. 16. A four-speed forward and reverse gate type gear 
shift. 
Fig. 15, to obtain first or low speed, the gear-shift 
lever, which is now neutral (N), is moved sidewise 
to the left and then back. To obtain second speed, 
it is moved sidewise to the right and then forward; 
for third, or high speed, to the right and back; for 
reverse, to the left and forward. 

The four-speed gate type of gear-shift (Fig. 16) 
corresponds with that shown in Fig. 20, page 29. 


“LEVER 73 


BALL AND 
Sockérvomr 


Fig. 17. Ball-and-socket type of gear-shift lever, with three 


speeds forward and reverse. The gear-shift lever (73) is now 
upright in the center of the socket and is in ‘‘neutral’’ position. 


The ball-and-socket type of gear shift shows almost 
identically the same principle as the gate type, ex- 
cept the movement of lever (73), (Fig. 17), is in a 
“ball and socket” instead of a “gate.” Note that 
arm (145) serves the same purpose as arm (145) 
(Fig. 14). This is the type in general use. 


S. A. E. Standard Gear-Shift Movements! 


The gear shifts as recommended by the Society of 
Automotive Engineers are illustrated on page 29. 


The transmission, giving three forward speeds 
and one reverse speed (or gear changes) is in 
general use. On some few large cars, and also on 
most types of trucks, the four-speed transmission is 
used. Fig. 19, page 29, illustrates the gear shift in 
general use. ‘The selector can be of the “gate” or 
“ball-and-socket”’ type, usually the latter, 


ISee Index. for “8, A. f. standard four-speed truck gear shift,” 
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THIRD 


INSIDE 


START HIGH 


REAR 


REAR 
~ Fig. 20 


Fig. 19 Fig. 21 


Fig. 19. Three-speed movement; (R) is reverse; (2) inter- 
mediate or second speed; (1) low or first speed; (3) third or high 


speed. Note that reverse and second speed are forward 
movements. 
Fig. 20. Four-speed movement. This corresponds with 


Fig. 16 (page 27). Note the reverse is a further movement in 
the same slot with first-speed movement. 


Fig. 21. Four-speed; same as Fig. 20, except that the 
reverse (R) is in a separate slot, to the side of the first speed (1). 


A SHIFT PORES. 


COUNTERSHAPT LOW SPEED GEAR 


Reverse COUNTERSHAFT SECOND SPEED GEAR 


ist speed 


TRANSMISSION SPLINE SHAPE 
IND SPI 


Example of Gear Shifts 


The gear-shift principle (Fig. 22) is the ‘‘ball-and- 
socket” type and standard 8. A. E. movement, as 
shown in Fig. 19. The transmission is of the ‘‘selec- 
tive-gear” type, three speeds forward and one 
reverse. (Studebaker model ‘BJ’? is used as an 
example.) Note that the gear-shift lever (1) is 
now upright and in neutral (N) position. If shifted 
according to the movements, first, second, third and 
R, the various transmission-gear ratios will be se- 
lected as shown in Fig. 22 below. 


Remarks Relative to Changing Gears 


To start the engine: Sce that the gear-shift 
lever is in neutral position. The clutch is then in, 
but the car will not move. Turn on the ignition 
switch and crank the engine. 


PINION GHAST™ 
POvlOw SHAPT GEAR 


3rd speed 


Fig. 22. First speed: The drive is from (19) to (9), to (55), to (21), to (5), to the transmission square shaft (4), to the 


rear axle. (Arrows on the gears indicate the direction in which the gears turn.) 
Second speed: (19) to (9), to (55), to (23), to (8), through square shaft (4), to the rear axle. 
Third speed, or high gear on direct drive: (19) to (9), to (8), through the transmission square shaft (4), to the rear axle. 


Note: Gear (8) fits over teeth at the side of gear (9); thus the drive is direct through shaft (4). The shaft (22) and its gears 
revolve, but no power is transmitted through them, 


Reverse: 
to the transmission square shaft (4), to the rear axle. 


shaft (4) 


To start the car: Speed up the engine slightly. 
Throw out the clutch by pressing the left foot 
pedal. Shift the gear-shift lever to first speed. Let 
in the clutch. Speed up the engine to give momen- 
tum to the car, and if on a level road, you can then 
throw out the clutch, quickly shift to third speed, 
and then let the clutch in. If on a hill, go to 
second speed instead of third, and then shift to 
third speed after the car is well under way. 


To stop the car: Throw out the clutch, apply 
the foot brake, and slow the engine down. After 
the car stops, shift gears to neutral, then let clutch 
in. In order then to stop the engine, turn off the 
ignition switch. 


Changing gears from a higher to a lower speed, 
when the car is running, is seldom done, as the 


(19) to (9), to (55), to (20), to the free-running idler gear (I) (directly back of an in-mesh with gear 20), to (5) 
i This idler gear, interposed between (20) and (5), gives a reverse motion to 


speed of the engine is controlled instead, unless in a 
congested district it is necessary to run very slow, 
or if taking a hill and the engine pounds. This 
indicates that the hill is too steep for the power of 
the engine, and a change to a lower gear should be 
made at once by throwing out the clutch and shifting 
the gear lever. 


Never shift to a lower gear when running at a 
fast speed, as there is danger of stripping the teeth 
from the gears. 

Never shift to reverse gear unless the car is ata 
dead standstill. 


Note. The shift gears by shifting ought to be made without 
a particle of noise if the clutch is thrown out when shifting. 
Tf there is noise, then it is usually due to the clutch not being 
fully thrown out or dragging or spinning, or to the transmission 
shaft, or to the fact that the transmission shaft is out of line 
owing to worn bearings. 


INSTRUCTION No. 7 


THE GASOLINE ENGINE: 


Principle and Construction 


GENERAL EXPLANATION 


There are three motive powers for automobiles: 
(1) The gasoline engine, also called an internal 
combustion type of engine because the fuel com- 
busts, or, in other words, the burning of the fuel 
takes place inside the engine cylinder, between 
cylinder head and piston, or, in the combustion 
chamber. This type of engine could use either 
gasoline, kerosene, or alcohol, but in this treatise 
we will deal with gasoline as a fuel. (2) The 
steam engine is an external combustion type, the 
combustion taking place under the boiler, separate 
from the engine. (3) The electric motor derives 
its power from an electric storage battery. 
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Ig. 2. Steam engine: an external combustion type. 
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The electric motor and its source of electric supply: 


We shall deal with the gasoline type of auto- 
mobile. The gasoline engine furnishes the motive 
power to drive the automobile. 

Note. The word motor is often used to designate the engine 
but if one wishes to be technical and correct it should’ always 
be referred to as engine. The word ‘‘motor,’’ however (owing 
to the popular practice), is used in many instances in the book. 

Engines for small cars are sometimes made with 
but one, or perhaps two cylinders (now obsolete). 
A few motor cars formerly had engines of three 
cylinders. The majority have four, six and eight. 
Five-cylinder engines hardly exist. Seven-cylinder 
engines exist in a special form for flying machine, as 
the Gnome revolving cylinder type. The twelve- 
cylinder engine is also coming into prominence; 
motor boats indulge in engines with as many as 


twelve to twenty-four cylinders. But whether the 
engine has one or twenty-four cylinders, the ex- 
planation of how it works, or the principle, always 
remains the same. 


All gasoline engines work on practically the same 
principle. It must be a four-cycle or a two-cycle 
type (the four-cycle type is dealt with in this in- 
struction). The valve arrangement may be differ- 
ent, but we describe the various types of valves 
farther on in this instruction. The ignition may be 
different, but we shall discuss all forms of ignition. 
We mention this so that when you see an engine 


- with a different ignition or a different valve arrange- 


ment, remember the principle is just the same on 
all engines (except the two-cycle type, which have 
no valves. The principle of combustion and igni- 
tion is similar, however). 


When a compressed mixture or charge of gasoline 
vapor and air is set on fire, it burns with great 
rapidity and produces intense heat, which causes 
the gases to expand and thus develops the pressure 
against the head of the piston, which operates the 
crankshaft of the engine. This combustion is so 
rapid that it is usually spoken of as an “explosion”; 
this word is often used, although the word ‘“‘com- 
bustion” is more correct. The intensity of the 
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Fig. 4. Parts of a gasoline engine. Cylinder is a ‘‘T-head”’ 
type with inlet valves on one side and aes valves ae 
other. The inlet valves do not necessarily have to be on the 
tight side. Some cars, for instance, the Locomobile six- 
cylinder T-head engine, have the inlet valves on the left and 
the exhaust on the right; whereas the Pierce-Arrow T-head 


six-cylinder engine is the reverse. 

pressure decreases as the piston travels downward 
on power stroke, due to the expansion of the gases 
having more space in which to expand. 
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The difference is that an explosion is instan- 
taneous, while the combustion of gasoline vapor and 
air, although very rapid, is not instantaneous. The 
combustion takes place within the cylinder of the 
engine. 


_ One end of the cylinder is closed, and the other 
is open, the closed end being called the cylinder 
head. Within the cylinder is a piston, sliding 
back and forth. 


The space between the piston and the cylinder 
head is called the combustion chamber. 


The back-and-forth motion of the piston in the 
cylinder is called reciprocating motion. In order 
that it-may turn the wheels, this reciprocating 
motion must be changed to the motion of a wheel 
revolving on its axle, which is called rotary motion. 
The reciprocating motion of the piston is changed 
to the rotary motion of the wheels by means of a 
crank shaft. 


The piston is connected to the crank shaft by a 
connecting rod, so that it moves in and out as the 
crank shaft revolves. One complete turn of the 
erank shaft, by which the piston is moved from 
one end of the cylinder to the other, and back again, 
is called a “revolution.” One-half of a revolution 
of the crank shaft moves the piston from one end 
of the cylinder to the other, and this is called a 
“stroke.” 


It must be remembered that there are two strokes 
of the piston to every revolution of the crank shaft: 
one down-stroke and one up-stroke. 


A steam engine is called “double-acting,” be- 
cause the pressure of the steam acts on both sides 
of the piston. 


A gasoline engine is called “single acting,’’ be- 
cause the pressure acts on only one side of the 
piston: on the top or side nearest to the cylinder 
head. 


The combustion that causes the pressure or 
expansion that operates the engine takes place be- 
tween the cylinder head and the piston, in the 
combustion chamber. The combustion should be 
timed to occur so that the greatest pressure is 
exerted when the piston is nearest the cylinder 
head. The pressure causes the piston to slide the 
length of the cylinder, from the head toward the 
open end. 


In a steam engine, the pressure of the steam forces 
the piston to slide first one way and then the other. 


In a gasoline automobile engine the pressure 
from the combustion acts on only one side of the 
piston, forcing it to slide only one way. After 
being forced downward, the piston must be brought 
upward again, and this is done by a fly wheel 
attached to the crank shaft. With the downward 
motion of the piston, the fly wheel starts revolving. 
When once started, the fly wheel continues to 
revolve until friction or some other resistance stops 
it, but before this can happen the pressure. from 
another combustion is again exerted, keeping it 
going. 

The fly wheel being attached to the crank shaft, 
they revolve together, and because the piston 1s 
connected to the crank shaft by the connecting 
rod it moves with them. The piston, moved down- 
ward by the pressure, starts the’ crank shaft and 
fly wheel, and then the fly wheel in continuing to 
revolve moves the crank shaft and piston. _ Since 
a gasoline engine does not operate with continuous 
pressure during its action, the piston first moves 


the crank shaft and fly wheel, and then the fly 
wheel and crank shaft move the piston. 


Note. Larger fly wheels are used on single-cylinder engines 
than on multiple-cylinder engines, because there’ are not as 
many firing impulses to two revolutions of the crank shaft on 
a single-cylinder engine, The fly wheel is usually fitted securely 
to the tapered end of the crank shaft and flange. It must be 
secure, otherwise a knock would occur. 


The fact that the crank shaft of a gasoline engine 
must first be turned by hand or by an electric 
motor or mechanical device, in order to start the 
engine, is due to the fact that a charge of gas must 
first be drawn into the cylinder by the suction 
stroke, and then compressed. After the gas is 
once ignited, then the force of the power stroke, 
and momentum of the fly wheel will carry the 
crank shaft and piston through the other three 
strokes until the power stroke occurs again. 


Before there can be a combustion of mixture in 
the cylinder, the mixture must be drawn into the 
cylinder, through the inlet valve. 


When in the cylinder, the mixture must be pre- 
pared, so that it ignites, burns and expands with 
the greatest possible rapidity and heat. 


After the mixture has been burned, the useless 
gases must be removed, or exhausted from the 
cylinder, to make room for a fresh charge of the 
mixture. 


These successive events must occur in their 
proper order, for if any one of them fails, or it is 
not performed properly, the succeeding event can- 
not occur, and the engine will stop running. These 
events are called a cycle. 
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Fig. 5. In this view we are looking at the end of the engine. 
The Hncteation is exaggerated in order to simplify the ex- 
planation, Imagine the end cylinder cut in half. The object 
is to illustrate how the gasoline from the tank flows to the 
carburetor and fills the float chamber until the float needle 
cuts off the flow. The gas mixed with air, is then drawn into 
the cylinder by the suction of the piston on the suction stroke. 
During this suction the intake valve must be opened by a cam 
(the nose-shaped affair at the bottom of the valve lifter) to 
permit gas to enter the cylinder, 


After the cylinder is filled with gas, which is the purpose 
of the suction stroke, the intake and exhaust valves are closed 
and the piston, on its up stroke (compression stroke), com- 
presses the gas. At the highest point of compression, the gas 
1s ignited by the spark at the points of the spark plug and the 
piston is forced down with considerable force; this is called the 
explosion stroke. As the piston travels up again the burnt gas 
is expelled through the exhaust valve which should open at this 
time and permit the burnt gas to pass out through the exhaust 
pipe and muffler. This fourth and last stroke, which completes 
the operation is called the exhaust stroke. 


The Four-Cycle Principle 


There are two distinct cycle principles; generally 
spoken of as “four-stroke cycle” and “two-stroke 
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cycle” principles. The two-cycle engine is gener- 
ally a small marine type of engine and will be dealt 
with farther on. 


The four-cycle engine is the type used for auto- 
mobile work. Therefore we still deal with this type 
throughout the automobile instruction. 


The cycle is thus composed of: (1) the drawing 
into the cylinder of the mixture (Fig. 6) below; 
(2) the compression of the mixture (Fig. 7); (3) the 
burning or ignition of the mixture and the forcing 
downward of the piston by the pressure produced 
by the burning of the mixture (Fig. 8); (4) the 
removal of the burned and useless gases left after 
the combustion (Fig. 9). 


The cycle is performed during two revolutions of 
the crank shaft, or, what is the same thing, four 
strokes of the piston. 


The first event occurs while the piston makes a 
downward stroke, during which the cylinder is 
sucked full of the mixture, just as a similar stroke 
of a pump or syringe sucks in a liquid. This is 
called the inlet stroke or suction stroke. 


The next stroke of the piston is an upward stroke, 
during which the mixture sucked into the cylinder 
is prepared by being compressed, and at the end 
or top of this stroke it is set on fire, or ignited. 
This 1s called the compression stroke. 


When the compressed gas is ignited, the pressure 
from the combustion forces the piston to make a 
downward stroke. This is called the power stroke. 


The next upward movement of the piston pushes 
the burned and useless gases out of the cylinder. 
This is called the exhaust stroke. 


These four strokes occur in each cylinder during 
two revolutions of the crank shaft and are repeated 
over and over again in each cylinder as long as the 
engine continues to run. 


On a six, eight, and twelve-cylinder engine, in 
order that the four events occur in each cylinder 
during the four strokes they “lap” one into the 
other. Thus we have two cylinders on power for 
certain periods of time. 


In principle the gasoline engine is like a gun. In 
a gun the shot is fired by exploding powder behind 
it. In a gasoline engine we explode gasoline behind 
the piston in exactly the same way. 


There are some differences, of course. The charge 
goes out of the gun, and that is the end of it. But 
in a gasoline engine, after the explosion drives the 
piston before it, in order to get any work out of the 
machine, this piston must come back and a new 
charge must be exploded behind it. The burned 
gases and heat must be disposed of, and all of these 
things must be done over and over again very 
quickly, at exactly the right time. 


Explanation of the Four Strokes 


Valyes are arranged to open and close at the 
proper time to admit fresh gas and to let out the 
burned gas, and the positions of the piston, valves, 
and cams for each function are shown in Figs. 6 to 9. 
Note the direction in which the cams (1 and 2, 
Vig. 6) are turned by the cam gears, which are 
driven by the crank-shaft gear. 


Cams on a gasoline engine are for the same pur- 
pose as an eccentric (E), (ig. 2, page 30), on a steam 
engie—to open and close the valves. 
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Fig. 6. Showing the suction stroke—down. The charge of 
gas is being taken into cylinder from the carburetor by the 
suction of the piston through the open inlet valve. 


Note that the inlet valve is opened by inlet cam. Note direc- 
tion of travel of cam. This stroke is also called ‘‘admission’’ 
or ‘‘inlet’”’ stroke, 


Note. The figures on the cams correspond to the figures on 
the cams in Fig. 10, which are intended to show the movement 
in degrees at each stroke of the piston. 
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Fig. 7. Compression stroke—up. Both valves are closed 
because the nose of the cam is not raising either of the valves, 
Gas is being compressed as the piston travels up. Note the 
direction of travel of the cam. 
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wares is being exerted against the piston head, thus forcing it 
ere with great pressure. In actual practice, the spark occurs 
efore combustion takes place. Both valves are closed. Thig 
stroke is also called the “explosion” or “working” stroke 
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Fig. 9. Exhaust stroke-—up. The exhaust-valve cam is 
now raising the exhaust valve which is open, thus permitting the 
pied gas to be forced out of the exhaust pipe through the 
muffler. 


_ When the piston reaches the top of the exhaust stroke the 
piston will have completed the four strokes, or two crank- 
shaft revolutions, and the cam-shaft one revolution. 


The next stroke is the suction stroke again. These four 
strokes are repeated over and over again as long as the engine 
runs. 


The above explanation of the four strokes is based on a 
T-head type of engine, supposed to be cut in half, 


The “‘L’”’ head uses but one cam shaft. The view is from 
the front of the engine. Thus there is but one inlet and one 
exhaust cam for each cylinder, just the same as a T- or “‘round’’- 
head cylinder or any type of four-cycle engine, The principle 
is identically the same. 


Note. A ‘‘dual-valve’”’ engine has four valves per cylinder. 
This is explained farther on. 


Fig. 10. Illustrates the movement of the cam. Note that 
the cam moves 90 degrees, or one-fourth revolution each time 
the crank moves 180 degrees, or one-half revolution. 


When the crank shaft makes two revolutions, or 720 degrees 
to complete the four-cycle revolution, then the cam shaft and 
cam would be making one revolution, or 360 degrees, because 
the driven cam gears are twice the size of the driving crank- 
shaft gear. 

The figures 1, 2, 3, 4 on the cams correspond to the cams in 
Figs. 6 to 9, and are intended to represent the movement in 
degrees at each stroke of the piston. 


Control of Speed of Engine 


After the engine is started with the starting crank 
(self-starters will be explained farther on), the speed 
of the engine is controlled by opening and closing 
the butterfly throttle valve of the carburetor which, 
when opened, admits gas to the cylinder. The 
more gas admitted, the stronger the compression, 
therefore the greater the explosive force, and hence 
more speed. Closing this valve reduces the speed. 
The gas, of course, is admitted through the inlet 
valve during the suction stroke. 


The opening and closing of the throttle is regu- 
lated by hand (Fig. 11), by means of the throttle 
lever on the steering wheel, or by a foot pedal con- 
nected with the same throttle lever, and called an 


“aecelerator.” 


The carburetor is connected to the inlet manifold 
by the inlet pipe, and the gasoline flows to the car- 


buretor from the supply tank through a small brass 
or copper pipe, called the fuel pipe. 
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Fig. 11. Illustrating the principle of opening and closing 
the throttle valve in the carburetor by the throttle lever on 
the steering wheel. 


Pure gasoline vapor will not burn, but must be 
mixed with air before it can be used to develop 
pressure. The mixing of gasoline vapor and air in 
the proper proportions is called “carburetion.” To 
give the best results, the mixture of gasoline vapor 
and air must always be in correct proportion. (This 
is explained in the carburetor instruction.) 


There is a passage through the carburetor into 
which the air is drawn as the piston makes the suc- 
tion stroke. The liquid flows to the carburetor and 
is brought into contact with the current of air. The 
gasoline turns to vapor, and is absorbed by the air, 
the mixture being sucked into the cylinder on the 
suction stroke. 


The quantity of mixture that is drawn into the 
cylinder during one suction stroke is called the 
charge. 


If the speed of the engine is governed by the 
amount of gas drawn into the cylinder through the 
butterfly throttle valve of the carburetor and the 
inlet valve on the engine, it is clear that if high 
speed or more power is desired, it is necessary that 
all of the mixture possible be drawn into the cylinder 
through the inlet valve, and that the inlet valve 
must open at the exact time and open wide enough 
to permit a full charge being drawn in. 


As the inlet valve is mechanically operated, the 
cam must be adjusted (by having the inlet cam 
gear properly meshed with the crank-shaft gear) so 
that it will open the valve promptly as soon as the 
sucking action of the piston commences, which it 
is just beginning to do in Fig. 6. Note that the 
cam is just starting to raise the inlet valve. 


If the inlet valve does not open soon enough, the 
piston will have made part of its stroke before the 
charge begins to enter; if it opens too soon, part of 
the burned gases from the previous power stroke 
will be pushed into the carburetor. If it closes too 
soon, the cylinder will not get a full charge; if it 
closes too late, part of the mixture will be pushed 
out of the cylinder on the compression stroke. 


The setting of the cam gear (which controls the 
position of the cams) with the crank-shaft drive 
gear, is termed valve timing and is treated more 
fully under the instruction on that subject. 


If all the openings into the cylinder, such as the 
exhaust valve, the spark plug, piston rings, relief 
cock, etc., are not tight, air or gas will be sucked 
into the cylinder through them at the same time 
that the charge enters through the inlet valve, and 
this would destroy the proportions of the mixture. 
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As the piston travels up on compression stroke, 
the gas is tightly compressed until 1t occupies only 
the space between the inside of the cylinder and 
the head of the piston, and it is the force or expan- 
sion from this compressed gas, when ignited, at the 
highest point of compression, that the power of a 
gasoline engine depends upon. 


If the valves are not closed tight, or if there are 
any leaks by which this gas can escape, it is clear 
that the gas will not be compressed as much as if 
there were no leaks. The result is a weaker power 
stroke. 


When an engine is running with the throttle wide 
open, as, for instance, on a steep hill, the compres- 
sion is greater, because more gas is drawn into the 
cylinders. 


If the engine is running on a level, with the 
throttle partially open, then the compression is less. 


Thus it_is-clear that if the space between the 
cylinder and piston head is, say, one inch, the more 
gas that is compressed in this space, the greater the 
pressure. 


The greatest power is obtained from a given vol- 
ume of compressed gas when it is ignited at its high- 
est point of compression, which is at the top of the 
compression stroke and just at the moment when 
the piston is over center in the direction of rotation. 


It is the expansion force of the ignited gases, 
caused by the heat when combustion takes place, 
that produces the pressure against the head of the 
piston. It is, therefore, clear that as the piston 
travels down on the power stroke, this expansion 
force becomes less and less, because it has more 
space in which to expand. Hence the importance 
of having the spark occur at the correct time and 
also of having the valves open and close at the 
proper time. 


Toward the end of the power stroke, and usually 
before the piston reaches the bottom of its power 
stroke, the exhaust valve is set to open. There is 
still pressure in the cylinder, and when the exhaust 
valve is open, this pressure will cause the gases to 
begin to escape. 


As the exhaust stroke is an upward stroke of the 
piston, the piston will push out through the exhaust 
valve all of the burned gases that do not escape by 
their own pressure. 


Tf all the burned gases are not pushed out of the 
cylinder, it will prevent a full charge of fresh gas 
from beg drawn in, which will cause a weak mix- 
ture and a weak explosion. 


The exhaust valve closes as the piston reaches its 
upmost point, or a little after, the inlet valve open- 
ing as the exhaust valve closes. 


_ Back pressure, caused by the muffler or obstruc- 

tions in the exhaust pipe, will prevent the burned 
gases from escaping as freely as they otherwise 
would, and all may not be pushed out by the time 
that the exhaust valve closes. 


The exhaust valve and its seat are exposed to the 
full heat and flame of the burning mixture, and are 
more liable to warp or pit than the inlet valve, It 
must be watched, and if there does not seem to be 
perfect compression when the engine is cranked, the 
probability is that it needs grinding to seat it 
properly. The exhaust valve thus requires more 
grinding than the inlet valve. 


A proper mixture will be entirely burned before 
the exhaust valve opens. An improper mixture 


that burns slowly may still be burning when the 
exhaust valve opens, and will heat the exhaust pipe 
and muffler so that the pipe may become red hot. 
Such a mixture wastes fuel, and may result in a 
fire. It may be corrected by making a correct 
adjustment of the carburetor and spark, which will 
be explained later on. 


Ignition: When the throttle is being opened and 
the engine begins to speed up, it is necessary also 
to “advance” the time of ignition; in other words, . 
to cause the spark to occur earlier than if engine 
is running slow. 


_—. 
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A spark lever is usually placed on the steering 
wheel along side of the throttle lever, which is con- 
nected by a rod and bell crank to the contact- 
breaker box on the magneto, or, if a coil and timer 
is used, to the commutator or interrupter. 


When the spark lever is moved, it also moves the 
contact-breaker box on magneto, or commutator, 
which causes the spark to occur “late” or “early,” 
according to the movement of this lever. 


_ The proper time for the ignition of the mixture 
is at the top of the compression stroke—when the 
gas 1s compressed to the highest point. 


Up to this point we have supposed that the spark 
occurs exactly at the moment when the piston 
reaches the top of the compression stroke. Now, 
this would be, in fact, the correct time, were it not 
for the fact that the gas takes quite an appreciable 
time to combust and expand after being ignited, 
an interval, let us say of a fraction of a second. 
Thus before the gas has had time to burst into a 


full combustion and expansion, the piston, on 


account of its great speed (suppose it is traveling 
at 1,500 revolutions per minute), will have traveled 
part of the way down the cylinder before being 
affected by it. This means part of every power 
stroke wasted. 


The advance of spark: The remedy for this is to 
make the spark occur earlier; that is, to make it 
oecur just before the piston has completed, or 
reached the top of the compression stroke, so that 
the full burst of explosion and the piston arrive 
simultaneously at the top of the stroke, or just as 
the piston is slightly over the top of “dead center.” 
This is called “advancing the spark.” 


The retard of spark: Suppose the engine is now 
running at only half the speed, say 700 revolutions 
per minute. During the exploding or igniting 
period, which we assumed to be a fraction of a 
second, and which remains the same, the piston, 
with its speed now reduced, has not time to travel 
so far, and the spark therefore need not be so much 
advanced. 


Again, when the engine runs dead slow, say at 
100 revolutions per minute, which is slow for an 
automobile engine, the spark requires hardly any 
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advance at all. So that we see, at once, that the 
faster the engine runs the more the spark must be 
advanced, and that the slower the engine runs the 
less 1t need be advanced, or, to express it in a more 
usual way, the more the spark must be retarded. 


To “advance” or “retard” the spark, means that 
the spark is made to occur earlier or later relative to 
the position of the piston. It does not mean that 
the spark is made to occur more frequently or less 
frequently. (This subject is treated more fully 
under “Ignition Timing.’’) 


Fig. 14 


Fig. 16 


Fig. 13. Here the explosion is occurring at just the right time, 
at the moment when the piston starts downward, securing the 
full length of the power stroke. 


Fig. 14. Here the explosion is occurring too early, causing the 
piston to push backward on the crank shaft, applying power 
in the wrong direction. While a single-cylinder engine would 
“kick back” and stop, in a four-cylinder engine the remaining 
three cylinders would have this resistance to overcome. 


Fig. 15. Here the spark is occurring too late, wasting the 
top or best part of the power stroke. 


Fig. 16. The piston is like the pedal of the bicycle. It 
should receive the push when it first starts downward. (Illus- 
tration through courtesy of K. W. Ignition Co.) 


The point to bear in mind is that the spark must 
be made to occur so that the greatest expansion 
takes place just the moment the piston is over the 
top of dead center. In order to give the gas suffi- 
cient time to ignite, so that complete combustion 
will occur at this point, the spark is ‘‘advanced” or 
“retarded,”’ according to the speed of the engine, 
as explained above. 


Another factor to be considered is the electrical 
apparatus producing the spark. For instance, an 
ignition system using a vibrator coil would require 
more advance than a closed-circuit type of inter- 
rupter, because the action of the vibrator-coil sys- 
tem is slower. This condition is termed “electrical 
lag.” 


If the spark is advanced too much, all of the mix- 
ture will have been burned before the piston reaches 
its upmost point, so that it will be necessary for the 
fly wheel to force the piston upward against the 
pressure until it gets to its upmost point. This 
strains the engine, and causes a sound that is called 
an “ignition knock’’; a hard, metallic sound. 


The knocking is not always detected easily by the 
novice, who will probably confuse it with other 
sounds on the car, but when once it has made itself 
evident, the spark should instantly be retarded until 
the knocking ceases. The strains set up in an engine 
which is allowed to knock may seriously damage 
connecting rods and cranks. 


It will be seen from the foregoing that in addition 
to controlling the speed of the engine through the 
gas throttle lever, it may also be controlled by 
advancing or retarding the spark, the speed of the 
car changing accordingly. 


An engine should not be slowed by retarding the 
spark. If it has appeared to the reader in the last 
few paragraphs that it is possible to slow an engine by 
retarding the spark, let him at once understand that 
this is the last method by which it ought ever to be 
done. It is not only unscientific, but is also waste- 
ful of fuel and produces extra heat, and causes rapid 
pitting of the exhaust valves, the gases passing 
through them in an incandescent form. 


The correct method of slowing down or increas- 
ing the engine speed is to shut or open the throttle 
valve, which is situated between the carburetor and 
the inlet valve, by which the amount of fuel supplied 
to the engine may be regulated. Then as the en- 
gine varies its speed, slower or faster, the spark 
should be retarded or advanced accordingly. 


The rule, therefore, is to let the engine speed 
follow the throttle and to make the spark follow 
the engine speed; or, to put it in another way, in 
order to drive economically, the throttle valve must 
be kept closed as much as possible and the spark ad- 
vanced as far as possible, short of knocking or of a 
tendency to knock. 


Such subjects as ignition, carburetion, cooling, 
fuel systems, lubrication, etc., will be taken up 
farther on under their respective headings. We 
are still dealing with engine construction, and must, 
for the present, adhere to this branch of the subject. 


INSTRUCTION No. 8 
ENGINE PARTS: Assembly; Types 


ASSEMBLY OF PARTS 


The stationary parts are: crank case, upper and 
lower half, bearings, cylinders, exhaust and inlet 
ports, valve caps, compression or relief cocks, water- 
cooling pipes, carburetion and part of the ignition 
systems, exhaust and inlet manifolds. 


The moving parts are: crank shaft, connecting 
rods, pistons, piston rings, piston pin or wrist pins, 
cams, cam shaft, timing gears, crank-shaft gear, 
valves, valve plungers or tappets or lifters, fly wheel. 


In order to enable the reader thoroughly to grasp 
the meaning and purpose of the parts, we will build 
up a four-cylinder T-head type of engine as shown 
below. The illustrations are not drawn to scale, nor 
are they technically correct, but will serve the pur- 
pose of explaining the location of the parts of an 
engine. 


Fig. 1. Upper half of crank case upside down, 


Main bearings. 


Crank case: A reference to Fig. 1 will show an 
aluminum crank case, upper-half part, which we lay 
on the floor, upside down, so that we can see the 
bearings (95). 

Note. The 8. A. E. designates the lower part of the crank 
case as the “oil pan’’ when containing no bearings. If it con- 
tains bearings, it is termed the lower crank case. The S, A. E. 
further designates crank cases as of the “‘split type’’ and the 
“barrel type.’’ In the barrel type the crank shaft is removed 
from one end of the crank case, the bearing caps being removed 
through hand-hole plates. The type shown here, and most 
used, is the ‘‘split type”’ with the bearings in the upper half. 

The main bearings are made in halves and are 
usually made of bronze or white metal and are 
termed “bushings,” instead of bearings, when remov- 
able or renewable. The bushings are fitted into 
bearing caps and the upper part of the bearing. 


Shims (thin paper or metal strips) are placed 
between the two halves of the bearing, so that when 
wear occurs, a “shim” can be taken out and the lost 
motion taken up. See Index, under ‘‘Shims.”’ 


Fig. 2, Orank shaft. Upper half of crank case upside down. 


The crank shaft (92) (Fig. 2) will now be fitted in 
the bearings. The bearing caps are placed over the 
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bearing surface of the crank shaft, and the bearing 
cap nuts are tightened. 


CI-CONNECTING ROD 


Fig. 3. Connecting rods fitted to crank shaft. 


The connecting rods (93) (Fig. 3) are now fitted 
to the crank shaft. The lower half of the large end 
of the connecting rod, called the connecting-rod cap 
(94), is removed, so that it can be fitted to the crank 
shaft. Shims are inserted, so that it works free on 
the crank shaft. Then the nuts are drawn good and 
tight, so that there will be no lost motion. If there 
was lost motion a knock or pound, which would 
cause wear, would result. 


Fig. 4. Cam shafts. 


The cam shaft (104) (Fig. 4) with the four cams 
(105, nose-shaped) is now fitted to its bearings. In this 
engine there are two cam shafts: one with four cams 
for raising the four inlet valves, and the other, with 
its four cams (105), to raise the four exhaust valves. 


The cams are placed with their noses equi-distant, 
so that when they revolve they will raise the valves, 
by pushing them up with their nose, at a given time.’ 
The timing gears which operate the cam shafts will 
be explained farther on. 


Fig. 5. Piston pins, pistons, cylinder studs, 
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The crank case is now turned right side up, after 
having fitted to it the lower half of the crank case 
(90). This lower half holds the oil, which the crank 
shaft splashes in and is called the oil pan (lubrication 
systems explained farther on). 


The piston or wrist pin (96) (Fig. 5) in the small 
end of the connecting rod is shown here. This holds 
the piston to the end of the connecting rod (details 
of each part will be explained farther on). 


ae 
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Fig. 6. Cylinders, valve-plunger guides, timing gears. 


After the four pistons are fitted to the connecting 
rods, the cylinders (39) (Fig. 6) are fitted down over 
the pistons, care being taken not to break the piston 
rings. 


The cylinders (39) are held to the crank case by 
nuts fastening to studs (117) (Fig. 5). 


The valve-lifter guides (106) (Fig. 6) are fitted in 
holes in each side of the crank case so that they will 
come in line with the exhaust valves on one side of 
the cylinders, and with the inlet valves on the other 
side. 


Inlet valves, inlet manifold, carburetor, magneto. 


Fig. 7. 


Valve lifters, or tappets, are now fitted through 
these valve-lifter guides which raise the valves 
through the action of the cams. 


The gear for driving the timing gears, called the 
crank-shaft timing gear (109) (Fig. 6), is keyed or 
threaded to the end of the crank shaft (92); this 
gear drives the two timing gears (110 and 111). 


The cam-shaft timing gears are keyed to the cam 
shaft (104) (Fig. 4); one gear and shaft to operate 
the inlet valves (119) (Fig. 7), and the other gear 
and shaft to operate the exhaust valves (120) 
(Fig. 8). The gear-case cover 1s {placed over the 


gears. 

The inlet valves (119) are placed in their seat by 
passing them through the inlet valve-cap holes (40) 
(Fig. 7). 


The exhaust valves are placed in position, on the 
opposite side of the cylinders, in the same manner. 


The inlet manifold (45) is now bolted to the inlet- 
valve side of the cylinders, and the carburetor is 
connected to it. 


Fig. 8. Exhaust valves, manifold, fly wheel, pump, etc. 


The exhaust manifold (47) (Fig. 8) is bolted to 
the exhaust side of the cylinders, and is connected 
with the muffler at the rear of the car, by the exhaust 
pipe (47). 


The exhaust-valve caps (41) and the inlet-valve 
caps on the opposite side are now screwed in place— 
tightly. 


The priming cups, also known as ‘‘compression” 
or “relief cocks” (115), are screwed into the exhaust- 
valve caps. 


The spark plugs (56) are screwed into the inlet- 
valve caps or in the center of each cylinder, but 
usually over the inlet valves. 


The fly wheel (44) and starting crank (43) are 
fitted to opposite ends of the crank shaft. By refer- 
ring to Fig. 3 (92), the reader will note that the end 
of the crank shaft tapers, and a flange is also turned 
on this crank shaft. The fly wheel fits to this taper 
and bolts to the flange, as there must positively be 
no lost motion. 


The magneto (53) (Fig. 7) (a high-tension mag- 
neto is used for ignition in this example), is bolted 
in place on a brass base provided for it, on the side 
of the engine. An extra gear (which will be ex- 
plained farther on) is operated by the cam shaft and 
drives the magneto, which generates electricity. 
The electricity is distributed to the four spark plugs 
(56) at certain periodical times by the distributor on 
the magneto (122) (Fig. 7). 


Wires are now connected through a switch to the 
magneto. This switch is to control the ignition 
circuit. 


The circulating pump (49) is connected to the 
water jacket of the cylinders. The gear (113), 
driven by the cam gear, drives the pump, and keeps 
the water in constant circulation, which keeps the 
cylinders from getting too hot (not over 170 to 180 
degrees Fahr.). We now connect rubber hose to 
metal pipes on the radiator and also to our pump 
(49), and belt up our fan, which is run from the same 
shaft. The radiator is filled with water by unscrew- 
ing the radiator cap. 


The gasoline fuel pipe from the gasoline or fuel 
tank is now connected with the carburetor. 
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TYPES OF ENGINES 


As previously mentioned, there are several types 
of engines, all of which work on the four-cycle 
principle. In order that the reader may more 
clearly understand, we will give an outline illustra- 
tion of some of the different types of engines in 
general use. 

The type of engine used more than any other for 
automobile work is the four and six, and the eight 
and twelve “V’’-cylinder type of engine. 
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Fig. 9. A single-cylinder vertical type of engine, with air- 
cooled cylinder. Valves are both on the side and mechanically 
operated. There are two flywheels with a crank pin between 
them. The flywheels run inside of the aluminum crank case. 
This type of engine is used on motorcycles, cycle cars, and rail- 
road light cars. 


Fig. 10. A single-cylinder horizontal type of engine, with 
water-cooled cylinder. Formerly used on light-weight auto- 
mobiles. Seldom used; valves mechanically operated. 


Fig. 11. A double-cylinder opposed type of engine, with 
water-cooled cylinders and mechanically operated valves. 
Note that the cylinders are 180° apart. Cylinders are of the 
“L-type. The crank shaft is also of the 180° type. 


Fig. 12. A twin-cylinder ‘V-type of engine, with cylinders 
placed 45° apart. Cylinders are air-cooled. Valves are 


mechanically operated from overhead. The cylinder is of 
the ‘‘round” type. This type of engine is used on motorcycles 
and cycle cars. 


Fig. 13. A four-cylinder, vertical type of engine, with trans- 
mission and clutch in one housing joined to the engine—called 
a “unit power plant.’’ This engine is suspended in a frame 
at three points; it would therefore be called a ‘‘three-point 
suspension” type of power plant. Valves are all on one side 
of the ‘‘L’’-type cylinders. 


SS) ENGINE -6CYL. ENBLOC 


y + CYLNERTICAL- 
CYL'S. SEPERATE. 


Fig. 14 


Fig. 14. A six-cylinder “unit power plant.’’ Transmission 
and clutch case join the engine. Cylinders are cast together, 
or ‘‘in block.” 


Fig. 15. 
rate. 


A four-cylinder engine with cylinders cast sepa- 
All valves are on one side; hence ‘‘L’’-type cylinders. 
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Fig. 16. Hight-cylinder “V-type engine, with cylinders 
placed at an angle of 90° apart. One cam gear operates the 
valves on both sides of the “L’’-shaped cylinders. There are 
four cylinders on each side, usually “in block.” The crank 
shaft is a four-cylinder type (180°) between crank throws, with 
two connecting rods to each crank pin. 


THE AUTOMOBILE, TRUCK, AND TRACTOR ENGINE: 


The Automobile Engine 


The 4, 6, 8, and 12-cylinder engine is used for 
automobile work. The “four” and ‘‘six’”’ are used 
most. 


Fig. 17 


Valves are placed on the side or overhead. Igni- 
tion is usually coil and battery, using an interrupter 
and distributor. A generator supplies current for 
charging the battery, also for lights and ignition. 
A battery supplies current for lights, ignition, and 
starting the motor. Speed of automobile engines 
varies from 150 to 2,000 r. p.m. On some few en- 
gines the speed is as high as 3,000 r.pm. ‘The 
engine shown in Fig. 17 is a 6-cylinder engine with a 
37%" bore by a 5” stroke, with valves on the side. 
Control of speed is by a hand-throttle lever and 
foot accelerator. A governor is never used. 


The Truck Engine 


Usually a 4-cylinder engine is used on trucks, for 
reasons stated in the instruction on “Trucks.” 
Valves are usually on the side. Ignition is usually 
a high-tension magneto. On the Buda truck engine 
(Figs. 18, 19), the Eisemann magneto with auto- 
matic advance is used. The speed of the engine 
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Fig. 18. Magneto side. 


is comparatively slow (950 to 1,000 r.p.m.). Speed 
18 governed by McCann or Pierce governor Be 


1The truck and tractor engine is further explained under 
the ‘Truck and Tractor’ Instruction. 
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engine (see Index under “‘Governors”). The stroke 
of the piston is usually long, and in this instance, the 
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Fig. 19. Carburetor side. 
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bore is 414” by 6” stroke or 32.4 H.P. (S.A.E.), or 
52 actual H.P. Truck speed is from 9 to 17 m.p.h. 
Starting is usually by hand-crank in connection with 
an ‘impulse starter” (see Index). Control of speed 
is by hand throttle and accelerator. 


Airplane Engine 


Many airplane engines are 8 or 12-cylinder, ‘“V”’- 
type, and in most instances use the overhead type of 
valves. The ‘‘V’’-type cylinders give a maximum of 
power at a minimum weight. Ignition is by means 
of a high-tension magneto or coil-and-battery igni- 
tion. The speed of the engine at flying speed is 
1,400 to 1,700 r. p. m. 


The Tractor Engine 


Usually a 4-cylinder engine is used on tractors, 
for reasons stated in the instruction on ‘“Tractors.” 
Valves are overhead or on the side, and some use 
the overhead “dual’’ valve system. The stroke is 
usually long, the average being 6” stroke by 41” 
bore. The speed of the engine is controlled by a 
governor (Fig. 20), which is a centrifugal ball-type, 
operating through levers to the carburetor throttle 
(T). The governor is used to maintain a uniform 
speed and to prevent the engine from “racing” if 
the load is suddenly released, or from “stalling,” 
if the load is suddenly applied. Speed of the engine 


Fig. 20 


is usually 950 r. p. m., which is usually maintained 
for long periods of time while working. The speed 
of a tractor is very slow, the average being about 
21% or 3 miles per hour on high speed. 


Ignition is usually provided by means of a high- 
tension magneto, in connection with an “impulse- 
starter,” which is used to facilitate starting when 
cranking the engine. 


Carburetion is secured by means of gasoline to 
start with and kerosene to run on after the engine 
is heated up. The heating of fuel around the intake 
manifold from exhaust gases is very important when 
using kerosene. 


Cylinder sleeves, or barrels, are used on many 
tractor engines. They consist of removable sleeves 
or barrels (Fig. 20) placed in cylinder blocks, which, 
in case of wear or accident, can easily be replaced 
with new ones. See also, Index, under “Cylinder 
sleeves.” 


The reader can now compare the relative differ- 
ence between the four engines and thus note, that 
while the construction may vary, the same under- 
lying principles apply to each. 


TWO EXAMPLES OF AUTOMOBILE ENGINES 


An example of an engine with valves-on-the-side 
operated by one cam shaft on the side is the Over- 
land ‘‘4,”’ as shown in Fig. 21. 


An example of an engine with valves-in-the-head 
operated by one cam shaft on the side is to be seen 
in Fig. 22, showiag a cross-sectional front view of 
the Nash model 681, 1919, six-cylinder engine. 


The clutch and transmission (not shown) are 
mounted with the engine as a single-unit power 


plant. 


Specifications of the Nash engine (Fig. 22) are as follows: 


Engine: 6-cylinder, in-block, high-speed, valve-in-head type, 
operated by push rods on the side. 


Cylinder bore, 314”, stroke, 5”. 


Main bearings are die-cast babbitt, brass backed; three ix 
numper; diameter and length: front, 214” x 284”; center, 
214” x 234’; rear, 214” x24”. 


Crank shaft, forging steel, double-heat treated, 214” diameter. 


Lubrication, gear pump, driven by spiral gears from cam 
shaft. Circulating splash system and force feed to main 
bearings, oil fed to oil pans, in which the lower ends of the 
connecting rods dip. On later models of this engine a “‘force’’- 


lubrication system is used. 


Valve adjustment: The clearance for valve adjustment is 
made between the valve stem and its point of contact with the 
rocker arm. The clearance is adjusted to 015”. Loosen 
the push-rod lock nut and move the ball-adjusting nut cither 
up or down until the correct clearance is obtained. 
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Fig. 22. Sectional end-view of the Nash automobile engine with valves-in-the-head. Specifications are given on page 39. 


ENGINE PARTS 


Crank Case 


The difference, or variation in construction of the 
various parts of an engine will now be taken up. 


The adjustments and repairs of the various parts 
are treated farther on in the ‘‘Repair Section” of 
the book. 


The cylinder is attached at its open end to the 
pranks case, which forms a box around the crank 
shaft. 


The crank case is of irregular shape, so that while 
there is plenty of room for the cranks and connect- 
ing rods to operate, there is little waste space. It 
contains the crank-shaft) bearings, and forms the 

bed-plate, or foundation, for the engine. 


It is often made in two parts: an upper part 
bolted to the cylinder and containing the crank- 
shaft bearings, and a lower part enclosing the crank 
shaft, and which is called the “oil pan.” 


As the lower crank-shaft case is intended to con- 
tain lubricating oil, it is tight so that there may be 
no leakage. Usually the lower part of the crank 
case can be removed for adjustment of bearings. 


The crank case is usually made of aluminum alloy, 
or, if in two pieces, the upper may be made of 
iron, and the lower of aluminum and sometimes of 


cast iron. 


The crank case is used to support the cylinders 
and the various parts of the mechanism, such as the 


pump, magneto, etc. 


The S. A. E. designates two types of crank cases: 
the “split type,” where the lower part is separate 
and contains no bearings. The lower part is then 
culled the “oil pan.” The “barrel type” is when 
the lower part is permanently attached and has a 


hand-hole plate for reaching the bearings, and the 
crank shaft is removed from the end of the crank 
case with the removal of the crank-case head. ° 


The arms for supporting the crank case on the 
chassis are sometimes made short to bolt to a sub- 
frame, while other manufacturers make longer arms 
to extend and bolt to the main frame. 


A ‘three-point suspension” is where the power 
plant is suspended in the frame at three points of 
contact. ‘‘Four-point suspension” is where the 
power plant is suspended at four points. 


A “unit power plant” is where the engine clutch 
and transmission are in one unit, as in Fig. 21. 


Engine Bearings 


The engine crank-shaft bearings are known as 
“main bearings.” Most of the manufacturers make 
four-cylinder engines with three main bearings for 
the crank shaft. Some are made with five bearings, 
but these are usually very large engines. On six- 
cylinder crank shafts there are as many as seven 
main bearings, the majority of smaller engines 
using three. 


The Marmon ‘‘34’’ uses four main bearings; Pierce-Arrow 
uses seven bearings on the six-cylinder passenger-car engine and 
three on the four-cylinder truck engine; Hudson model “O” 
uses four; Packard ‘“‘six’’ has seven and Packard ‘‘twelve’’ 
(“twin-six”’) three; and Locomobile ‘‘five.”’ If the six cylinders 
are cast “‘single,’”’ which is unusual, usually five bearings, two 
ends and three inside, are used. If the cylinders are cast in 
“pairs,” there are usually five bearings, two ends and three 
inside. If the cylinders are cast ‘‘in-block,’” small six-cylinder 
engines use three bearings and large engines, four or five. If 
ball bearings are used, there are usually two bearings. 


Crank-shaft main bearings are usually in two 
parts: the upper and lower halves (Fig. 24). Both 
parts constitute the bearing. 
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The upper half is supported by the upper part 
of the crank case, and the lower half in a bearing cap. 


CRANKCASE 
CASTING 
Bake “BUSHING: . 
aN Z _IN BEARING 
CAPS 


LOWER BEARING CAP 
Fig. 24. Construction of a crank-shaft main bearing. 


The bearing cap is fastened to the upper half of the 
bearing with cap screws. 


On some engines, babbitt metal is cast into the 
bearing halves,-and then dressed down, scraped 
and run-in. 


On others, the upper half is cast and the lower 
half is in the form of a bushing which can be renewed 
when worn, by screwing a new bushing in place in 
the lower bearing cap. 


- Most of the wear is on the lower half of the bear- 

ing, because it supports the weight of the crank 
shaft and receives the thrust of the power impulses. 
Therefore it can be taken up by removing the lower 
bearing cap and the “shims,’’? which are usually 
placed between the two halves, or by dressing the 
sides of the lower cap down to a proper fit, thus 
drawing the cap tighter around the shaft. After 
a long period of time and after the lower half has 
been taken up two or three times, the upper half 
will have to be cast again. On some engines the 
upper and lower half can be fitted with bushings, 
which are detachable and are held in place with a 
countersunk screw. Thus new bushings can be 
replaced and run-in. 


A bearing bushing is that part of a plain bearing 
that the shaft comes in contact with. They are 
usually made of babbitt, phosphor bronze, or white 
metal. The phosphor bronze is very hard and 
lasts a long time, but is somewhat liable to “seize,” 
if run without oil. 


A white metal bushing consists of a layer of white 
metal, run (when in a molten state) into a channel 
in the bearing. It then hardens and is scraped and 
polished. White metal has the virtue of not seizing 
or doing much damage if ill treated, but if it is run 
for a long time a knock will result. There are many 
different alloys used for bushings, some being faced 
with brass. Bushings can be purchased ready for 
application. If a bushing is burned or cut from 
lack of oil, it can be scraped and “spotted up” to a 
fit, if the cut is not too deep, or a new bushing may 
be put in place and burned and run-in. These 
subjects will be treated farther on under the subject 
of “Repairs.” 


All ordinary wear in engine bearings can be taken 
up by removing shims and drawing to a tighter fit, 
termed “‘taking-up-on-the-bearings.”” The rear main 
bearing is usually the bearing which wears first, be- 
cause 1t supports the weight of the fly wheel. 


Connecting-Rod Bearings 


Probably the first bearings to require renewal are 
those of the connecting rod. 


The big end of the connecting rod is attached to 
the crank pin, and a bushing of bronze or white 
metal or other metal (with a melting point lower 
than that of cast iron) in the form of a shell, sur- 
rounding the crank pin, is secured in it, 


The bushing is split lengthways into two halves, 
like the bearing of the crank shaft, one part being 


CON ROD 


Fig. 25. A connecting rod showing piston-pin bushing and 
crank-pin bearing and cap. The bearing is in the small end of 


connecting rod for the piston pin. 


set in the connectin 
in place by the co 


The 


small or upper end o 


contains a solid bronze bushin 


the wrist or piston 
Because of the small s 


The piston pin is stationary. 


g rod and the other being held 
mnecting rod cap. 


f the connecting rod 
g (Fig. 25) that forms 


pin bearing. 
pace in the piston, it is not 


possible to have this bushing split and held in place 


by a cap. The bushing i 


s therefore set in the con- 


necting rod, and the piston pin pushed through it. 


The wear of the piston-p 


in bushing is slight, and if 


it should wear loose, a new bronze bushing is driven 
into the connecting rod. 


The piston pin is passed through the piston, and 


secured so that it cannot move. It is usually case 
hardened. This type is termed a “stationary piston 


pin.” 
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Fig. 26. Note that in this type (Ford) the piston pin moves 
with the upper end of the connetting rod, and the bearings are 
in the piston bosses. 


On the Ford (Fig. 26), the 
the motion of the connecting 


the con 
pm moves in 


piston pin moves with 
rod, the small end of 


necting rod being clamped to it. The piston 
bronze bushings fitted in the piston. 


This type is termed an “oscillating-type piston pin.” 


Through the connecting rod the piston transmits 
the pressure of the explosio 
and fly wheel. In order that 


heavy shocks of 


forged 


carbon steel, heat treat 


ns to the crank shaft 
it may withstand the 


the explosions, the connecting rod 
have great strength. 


Tithig made of drop- 
ed, and, in rare instan- 
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ces, is of bronze. 


b A straight I-beam type is used 
almost universally. 


Bronze is used extensively on large, slow-speed 
engines, but would be too heavy for automobile 
work, as the high-speed engine requires light-weight 
reciprocating parts. Each connecting rod should 
weigh the same. 


Fig. 27. Connecting-rod bearing end with cap removed to 
show shims. 


Most connecting rods and main bearings are fitted 
with ‘‘shims” asin Fig.27. When the bearing wears, 
a shim can be removed, thus drawing the lower cap 
tighter around the shaft. Shims are made of thin 
layers'of metal .001’’ to .005” thick. The thinnest 
shim is usually placed at the bottom. Sometimes 
shims are made of paper. 


Shims are used on the lower end of nearly all connecting rods, 
except in those engines using oil pressure in a hollow crank 
shaft which is cross-drilled to supply oil to the connecting-rod 
bearing. If shims were used with this type, they would allow 
oil to escape so rapidly that the oil gauge would show little 
or no pressure. The lower half of the connecting-rod bearing 
face is lapped off until an amount of metal representing the 
thickness of a shim has been removed. 


SIDE 
BY SIDE 

Fig. 28. Upper illustration shows 2 connecting rod, a crank 
pin, and a crank arm on a single-cylinder motorcycle or cycle- 
car engine. Note that a crank pin is between the two fly 
wheels which are placed in the crank case. The lower illustra- 
tions explain two methods of connecting two connecting rods 
to one crank pin on a ‘‘V’’-type engine. 


The connecting rod on a crank shaft of Beiy = 
type engine can be placed either ‘‘yoked”’ or “‘side by 
side,” as shown in Fig. 28. When they are yoked, 
the cylinders would-be “in line’; if side by side the 
cylinders would be “staggered,” or slightly out of 
line. 


The Piston 


The piston of a gasoline engine is called a “trunk 
piston,”’ to distinguish it from the ‘‘disk piston” of 
a steam engine. 


A trunk piston is longer than its diameter, and is 
hollow, with one closed end. The closed end is 
toward the combustion space, and it is against the 
closed end that the force of the explosion acts. 
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Fig. 29. A trunk type of piston. 
_ Fig. 30. Sectional view of piston. Note piston pin is sta- 
tionary. 


The piston pin passes through the piston, usually 
about the middle or a little nearer the top (depending 
on the stroke). 


The open end of the piston permits the connecting 
rod to swing from side to side. 


The piston does not fit the cylinder tightly, for a 
tight fit would cause friction and wear. This space 
is called piston clearance (see Index). The piston 
is usually slightly smaller at the top than at the 
bottom, because the heat is more intense at the top 
and expansion must be allowed for. 


A piston is usually measured at the skirt, or below 
the piston pin. Pistons are made of cast iron, and 
when heated they expand. The usual clearance 
between the cast-iron piston and cylinder wall is 
about .001’’ to each inch of piston diameter. 


Meaning of “piston clearance’’: Let us take, as 
an example, a Continental Model N engine which 
is 334’ bore. In decimals, therefore, its bore would 
be 3.750 (three inches and seven hundred and fifty 
thousandths of an inch). 


Suppose the clearance of the piston was .003 (three thou- 
sandths of an inch), which would mean the piston diameter 
should be .003 less than the bore, then 3.750 (the bore) minus 
.003 (the clearance) would equal 3.747 (three inches and seven 
hundred and forty-seven thousandths), which would represent 
the diameter of the piston for a clearance of .003 for this engine. 


Pistons are usually marked on top and in decimals. 
The diameter is that of the skirt. The bore of a 
cylinder is usually stamped on the lower machined 
face of the cylinder block. 


Aluminum alloy pistons are used to a certain extent instead 
of cast iron. 


Advantage: They are about one-third lighter; thus the 
inertia of the reciprocating piston is reduced considerably, and 
consequently the side-pressure or thrust on the walls of the 
cylinders is lessened. The great heat conductivity of aluminum 
alloy lessens the carbon deposit on the piston head and the 
deposit is more easily removed. In case of extreme heat, if 
the piston should “‘seize,” the cylinder is not damaged by 
aluminum because it is softer than the cylinder. 


Disadvantage: Aluminum alloy pistons expand twice as 
much as cast iron, and therefore when the engine is cold the 
clearance between the piston and cylinder wall being twice as 
great as normally, raw gasoline is drawn into the cylinder 
which passes down to the crank case and thins the lubricating 
oil and washes off all of the lubrication on the cylinder walls. 
A “piston-slap” is also produced, due to the great clearance, 
until the pistons are heated up, at which time they expand and 
the piston-slap noise should cease. 


On one model of the Franklin, the shallow, square groove 
of screw-thread form was turned at the bottom of the skirt of 
the piston just beneath the lower ring. This held oil and per- 
mitted a smaller clearance. 


Pistons and connecting rods for high-speed work should be 
made very light. In some instances, where cast iron is used, 
the piston is made lighter by making the skirts thinner and 
the piston pin-boss lighter. On some high-speed engines the 
piston skirt is sometimes drilled with large holes for the sake 
of lightness. 
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Piston Rings 


The pressure from the explosion is prevented from 
escaping between the piston and the cylinder wall 
by piston rings. 


The piston rings fit in the groove around the upper 
end of the piston, and there may be from two to five 
of them, usually three. The rings fit the groove 
snugly, but not so tight that they may not move 
freely. 


They are cut crossways, so that they may be 
sprung open. When closed, so that ends touch, the 
rings are a trifle smaller than the diameter of the 
cylinder. 


When sprung open, they are larger than the diam- 
eter, or bore of the cylinder. They are so made 
that they always stand a little open. 


The rings are slipped into the grooves by spring- 
ing them open, and sliding them over the piston. 


When a piston is to be placed in a cylinder, the 
rings are drawn together, so that they will slide in 
easily. The piston with its rings fits the cylinder 
snugly, and the elasticity of the rings keeps them 
pressed against the cylinder wall, making a fit that 
keeps the pressure from escaping. 


Since none of the pressure of the explosion is able 
to escape, it is all exerted against the closed end of 
the piston, or piston head. 


The rings must be placed on the piston so that the 
ends are not one over the other, for if they were in line 
the pressure might escape through them (see Fig. 31). 
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Fig. 31. In order to prevent compression passing through 
the joints of rings they are placed as illustrated. 


Fig. 32. Two standard types of piston-ring joints. 

_The rings are prevented from moving around the 
piston by pins placed between the ends (although 
this is not the case on all pistons). The only motion 
they have is the spring in and out. 


_ The ends of the rings are beveled, or made with a 
joint (as in Fig. 32), so that the gas will not leak 
through the joint. Two of the usual types of piston 
rings are shown in Fig. 32. Piston rings are made of 
cast iron of a slightly softer grade than the cylinder. 

There are many improved types of piston rings which the 
manufacturers claim will not leak; usually three rings are 
placed on a piston. Two rings are often used for high-speed 
work, whereas, for average automobile engines, three rings are 


generally used. This subject is fully treated in the “Repair 
Section”’ of this book. 


Piston rings are measured according to the bore 
of the cylinder and the width of the ring groove. 


The Crank Shaft 


The crank-shaft-throw changes the reciprocating 
motion of the piston to the rotary motion necessary 
to turn the wheels. It rests in bearings that hold 
it in a fixed position, but permit it to revolve. 


The crank pin must be rigidly attached to the 
crank shaft, and to secure this rigidity, it is usually 


made in one piece, solid as in Fig. 33, and is usually 
made of chrome nickel steel. 


Fig. 33. A single-throw crank shaft. Crank is set at 360°. 
The crank projects from the crank shaft, and 
when the shaft revolves, the crank makes circles 
around it. A crank is one of the most common 
mechanical devices. The crank pin is that part to 
which the connecting rod fits and is also called the 
“throw” of the crank. A windlass is turned with 
acrank; a bucket or chain pump is operated with a 
crank; the pedals of a bicycle form cranks. 


In a bicycle, the crank arms are attached at their 
inner end to the crank shaft, and to their outer 
ends the pedals are attached. When riding a 
bicycle, the feet press on the pedals at the ends of 
the crank arms, and make the crank shaft revolve. 
The feet describe circles around the crank shaft. 
Each crank arm and pedal form a crank, and there 
is only one arm to a crank. 


In a gasoline engine, two arms are necessary, for 
the reason that the cranks are not at the ends of 
the shaft. There are therefore two arms to each 
crank or “throw.” (Fig. 33.) 


The outer ends of the crank arms are connected 
by the crank pin. The crank pin corresponds to the 
pedal of a bicycle. A gasoline engine has as many 
cranks as it has cylinders. 


Degrees as Used with a Crank Shaft 


_ The position of a crank on a crank shaft in rela- 
tion to other cranks on the same shaft is expressed 
in degrees of a circle. 


A degree is designated with a small ° at the right 
of the figure. For instance, a crank shaft with 
throws of 360 degrees, would be designated as 360°. 
See Index, explaining the meaning of “degree.” 


If the cranks project from the same side of the 
shaft, as in Fig. 33, so that the crank pins are in 
line, 1t is called a 360-degree (360°) crank shaft. 


Fig. 34. A two-cylinder vertical engine with a 360-degree 
crank shaft; both connecting rods on one crank pin, 


_ When the two crank pins on a crank shaft project 
in the same direction, as in Fig. 34, both connecting 
rods drive as one crank. This type of engine, how- 
ever, 1s not used on account of its vibration. An 
engine with a crank shaft as shown in Fig. 36 
would be more balanced. See Index under “Firing 
order” of cylinders. 


If a crank shaft has two crank arms projecting in 
opposite directions, as in Figs. 35, 36, and 38, it is 
called a 180-degree (180°) crank shaft. 
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Fig. 35 Fig. 36 
Fig. 35. A two-throw crank shaft for a two-cylinder vertical 
engine; crank set 180 degrees. 


Fig. 36. A two-cylinder opposed type of engine with crank 
shaft set 180 degrees. Cylinders are also 180 degrees apart. 


The engine in Fig. 36 is a two-cylinder opposed 
type of engine. It was formerly used to a great 
extent on small cars, and is still used on trucks and 
tractors for heavy work. The cylinders are placed 
180 degreesapart. The crank shaftis also 180 degrees. 


Fig. 38 
Fig. 37. A three-cylinder vertical type of engine with cranks 


Fig. 37 


set at 120 degrees. Note No. 2 piston is up. No. 3 (right) 
would be 120 degrees or one-third of a revolution; No. 1 would 
jg age meee: or one-third revolution from No. 3, or two-thirds 
rom No. 2. 


Fig. 38. A four-cylinder vertical engine with erank shaft 
set 180 degrees. Note piston No. 1 and 4, and 2 and 3 are 
always in line. 


The four-cylinder engine (Fig. 38) employs a 180- 
degree crank shaft. Note the “throws,” or crank 
pins, of the crank shaft on cylinders 1 and 2 are 180 
degrees apart and on 3 and 4 are 180 degrees apart. 
Therefore, pistons on cylinders 1 and 4 always move 
up or down together, and 2 and 3 move up or down 
together. In other words, these crank throws are 
in line. 


CONNECTING ROD 
LOWER BEARING SIDE 
BY S1DE ON ON 
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Fig. 39. A regular four-cylinder type, 180° crank shaft is 
used on the eight-cylinder ‘‘V’’ type of engine. Two connect- 
ing rods are placed on one crank pin, either side by side, or 
yoked (see Fig. 28). 


The eight-cylinder “‘V’’-type engine would in 
reality be nothing more than two four-cylinder 
engines with cylinders set ‘V” shape, the angle of 
the cylinders usually being 90 degrees, or one-half 
of the 180 degrees of the crank shaft. The same 
four-cylinder 180-degree crank shaft is employed. 
There are two connecting rods to each throw of the 
erank, which can be placed “side by side”’ (Fig. 39), 
or “yoked.” 


When connecting rods are placed side by side, as 
shown in Fig. 39, 1t 1s necessary to “stagger” the 
cylinders by setting them out of line with each 
other. If “yoked,” the cylinders would be in line. 


A three-cylinder engine must have a crank shaft 
with the three crank pins placed in three positions, 
or one-third of a revolution apart; this would be 
placing them 120 degrees apart (see Fig. 37). 


A six-cylinder engine would have a erank shaft 
with six crank pins or crank ‘throws’ placed in 
thirds, or 120 degrees apart. There would be three 
pairs in line (see Fig. 40). 
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Fig. 40. A solid crank shaft, with three main bearings; six 
cylinder. 


A twelve or twin-six-cylinder “‘V’’-type engine 
vould use the same type of six-cylinder crank shaft, 
but with two connecting rods to each crank pin. 
The cylinders would be placed 60 degrees apart, or 
one-half of the 120-degree crank shaft. 


Fig. 41. 
cycles and light cars. 
are at a 42° angle. 


A two-cylinder twin type of engine used on motor- 
Note the 360-degree crank. Cylinders 


The twin-cylinder ““V” type of engine used on a 
cycle car and motorcycle would use a 360-degree 
crank or one crank pin, with connecting rods 
“yoked,” Cylinders on this type of engine are 
usually placed at an angle of from 42 to 45 degrees 
apart. 


Fig. 42 (lower); Fig. 43 (upper). 


Two methods of placing the crank throws on 4 
“straight-eight” cylinder engine, where the eight 
cylinders are all in line are shown in Figs. 42 and 43. 
(B) are bearings and (1) to (8) are the crank pins. 


The Duesenberg arrangement where two four- 
cylinder crank shafts are placed end to end, one of 
them being given a twist so that its “throws” are 
90 degrees to the throws of the other is shown in 
Fig. 42. This crank shaft. is made from a, solid 
piece of steel. Counterweights not shown in the 
illustration are integral with the shaft. Fig. 43 
shows another arrangement, which would give a 
different firing order. The advantage claimed in 
using the “straight eight” is a better balance than 
any other eight-cylinder engine of the “Vv” type. 
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Figs. 44-47. In the illustrations above, the idea is to explain 
the term “‘degree’’ used in connection with crank shafts. Any 
perfect circle is-360°. If the circle is divided into quarters, 
each quarter would be 90°; half of the circle 180°; a third 120°. 


Fig. 44. 


Fig. 45. From center of one crank pin to center of another 
is half a circle, or 180°, 


Fig. 46. 
Fig. 45. 


Fig. 47. End view of a three or six-cylinder crank shaft. 
Note that crank arms are one-third apart, or 120°. 


Note one crank pin—hence 360° crank, 


Here we have two pairs of crank pins as shown in 
Each pair of crank pins is placed 180° to each other. 


Construction of Crank Shafts 


There are two kinds of crank shafts, one known as 
the “solid crank shaft”? and the other as the “built- 
up crank shaft.” 
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Fig. 48. A solid type of crank shaft-—three-bearing type, 
four-cylinder, 


The solid crank shaft is by far the most commonly 
used. It is made from one piece of steel, which is 
forged to shape and then turned up in a lathe, the 
workmanship in many cases being accurate to a 
ten-thousandth part of an inch. 


Fig. 49, A built-up type of crank shaft (seldom used). 
The above is a six-cylinder crank, with four bearings. Note 
that it is built-up to disks. 


The built-up crank shaft (Fig. 49) has each of its 
parts made separately and then fixed strongly 
together, and quite often fitted with ball bearings. 
Ball bearings can be fitted only to a built-up type 
if there are more than two bearings. 


An advantage of the built-up crank is that the 
crank-shaft bearings could be fitted with ball bear- 


ings, as shown in Fig. 50. However, built-up. 
shafts of this kind are not usual, and in the case of 


Fig. 50. A ball-bearing, built-up type of crank shaft with 
three bearings for a four-cylinder racing engine. With three 
or more bearings it is necessary to have a built-up crank shaft 
in order to mount the ball bearings. On the Autocar truck 
engine there are two ball bearings placed on the outer bearing 
ends of the crank shaft. Thus a solid ball-bearing crank shaft 
can be used. See Index under ‘‘Autocar truck engine’; and 
under ‘‘White #-ton truck.” 


powerful engines, only the strongest solid crank 
shafts are ever used. 


Fig. 51. 


Counterbalance weights applied to a six-cylinder 
erank shaft. 


The counterbalanced crank shaft (Fig. 51), with 
counterweights (CW) electrically welded to the 
crank shaft and an integral part of the crank shaft, 
as illustrated, is becoming popular. It permits high 
speeds to be obtained without detrimental vibration, 
and relieves the tendency to “whipping” of the 
crank shaft and “slapping” of the pistons at high 
speeds. 

Whipping of crank shaft is more pronounced where there 
are very long weak crank shafts with great distance between 
bearings. Vibration of an engine can also be due to forces 
being out of balance or unequal; for instance, engine loose on 
frame; uneven compression; weak explosion in one or more 
cylinders due to leaky rings or valves, or too much oil in that 
particular cylinder; defective spark or plug; sprung crank 
shaft; clutch out of balance; new full-size bearing and shims 
on one crank throw, and the old worn or lighter bearing with 
shims or liners removed on the other erank throw; different 


weight pistons; front wheels out of true, rim out of plane with 
spokes. 


Cylinders 


_ The cylinder of a gasoline engine is made of cast 
iron or twenty per cent semi-steel, and the water 
jackets are generally cast in one piece withit. The 
cylinder of a gasoline engine is cast with water 
jackets surrounding it and in one piece (Fig. 52) 


COMBUSTION WATER OUTLET 
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Fig. 53 
A single cylinder with water jacket cast around it. 
A single cylinder with a copper water jacket 


Fig. 54 
Fig. 52. 


Fig, 53. 


placed around it. An obsolete design. 


Fig. 54. Air-cooled, flanged type cylinder, 


On some of the early-model engines, such as the 
Pope Toledo and the 1914 Cadillac, the water jacket 
was formed by surrounding the upper part of the 
cylinder with sheet copper as in Fig. 53. This 
method is now obsolete, 
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The portion of the cylinder in which the piston 
moves should be a true circle, and as smooth as 
possible. In the better grade of cars the cylinder 
walls are ground to a smooth finish so that there may 
be as little friction as possible. Any roughness of 
the walls will cause wear, which comes in the form 
of cuts and scratches lengthways, and permit the 
pressure to escape around the piston. 


Cylinder heads may be cast solid or with detach- 
able head (see Fig. 62). The detachable head is 
very popular, especially where cylinders are cast 
“in-block.”’ It permits easy access to the valves, 
and for removing carbon and removing pistons, and 
is also good manufacturing practice because it makes 
the grinding of cylinders easier. Where cylinders, 
on a multiple-cylinder engine, are cast singly or in 
pairs, the heads are usually solid and the entire 
cylinder is removed from the erank case when work 
is to be done inside. 


Cylinders for gasoline engines are made in several 
different shapes and are usually made of cast iron. 
Some of the airplane engines have cylinders made 
of steel, and some of the engines used on trucks and 
tractors have inner sleeves which are removed and 
replaced with new sleeves when worn. The Mar- 
mon ‘34’? passenger car automobile engine uses 
cylinder sleeves. See Index under “Cylinder 
sleeves.”’ The type used most: for automobile work 
is the cast-iron cylinder with a water jacket cast 
around it. 


Cylinder Designs 
The “T’’-head type of cylinder is made so that the 


exhaust valves are on one side and the inlet valves 
are on the other side. Note the ‘“T”’ shape in Fig. 55. 
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Fig. 55 


The “L”-head type of cylinder is made so that 
the exhaust and inlet valves are all on one side of 
the cylinder. Note the “L” shape in Fig. 56 (Gf 
turned up-side-down). , 


The “I’-head type of cylinder is made so that the 
valves are placed in the top of the head of the 
cylinder (Fig. 57), and is termed the “valve-in-the- 
head”’ type. 


The “F”-head type of cylinder is made so that 
one valve is in the head, usually the inlet, and the 
exhaust is on the side. 


How Cylinders Are Cast 


When an engine has more than one cylinder, the 
cylinders can be cast singly, in pairs, or in-block, 
and can be.of either the “'T,” “L,” round or “I’’- 
head type. Sometimes multiple cylinder engines 
have all cylinders cast singly. They can be of the 
eee IY or “I’-head type. 

Cylinders cast singly, as applied to a four- 


cylinder engine, are shown in Fig. 58. 


The term Cylinders cast in-block means that the 
multiple cylinders are all cast in one piece. They 
can also be of the “T”’ or “L’’-head construction. 


Note in Fig. 60 that the cylinders are in-block and 
the head is solid, whereas in Fig. 62, the head is 
detachable. The term ‘“‘mono-block” is also often 
used where all cylinders are cast in one block. 
Cylinders cast in pairs are shown in Fig. 59. The 
engine is a four-cylinder type. Cylinders cast in 
triplets are shown in Fig. 61. The engine is a SIX- 
cylinder. The cylinders could be cast in-block, or 
in pairs, triplets, or singly. The Locomobile six- 
cylinder engines have the cylinders cast in pairs and 
the majority of other six-cylinder engines have 
cylinders cast in-block. 


Cylinders on the six-cylinder engines are usually 
of the “L-type, except the Pierce-Arrow and Loco- 
mobile, which are ‘“T’’-type. 


Cylinders on eight-cylinder ‘V-type engines are 
usually cast “in-block” and are placed 90 degrees! 
apart, and on a twin-six-cylinder engine, 60 degrees? 
apart (see Fig. 63). On a twin “V-cycle car or 
motorcycle engine, the cylinders are usually 42° to 
45° apart. 
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Fig. 63. 3 A 180-degree 
four-cylinder type of crank shaft is used with two connecting 


rods on one crank pin. 


A “V-type eight-cylinder engine. 


Cylinders on a two-cylinder engine with cylinders 
placed opposite are shown in Fig. 64. Note that 
the cylinders are placed 180 degrees apart and are in 
a horizontal position. This is termed an ““opposed- 
cylinder” engine. 


The offset cylinder with an offset crank shaft or 
offset cylinders, or with Des Axe crank shaft setting, 
as you choose to say, 1s represented in Fig. 66. The 
line A, which passes through the center of the eylin- 
der, is some distance to one side of the line B, 
which passes through the center of the crank 
shaft. Some of the advantages claimed for the 


1Lincoln and Wills-Saint Claire eight-cylinder ‘'V’’-type of 


- engines have cylinders set 60° apart. 


2On the Liberty, twelve-cylinder “V-type of engine, the 
cylinders are set 45° instead of 60° apart. , 
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offset crank shaft are less liability of a back-kick, 
reduced wear on the bearing surface of the cyl- 
inder walls, connecting rods, and crank shaft, 


Fig. 64. Two-cylinder opposed type engines. 


less liability of the engine to be stalled when the 
car 1s running slowly on a high gear, and other 
construction facilities. The cylinder set central 
over the crank shaft, as in Fig. 65, is the type in 
general use. See page 61; ‘Effect of offset cyl- 
inders.”’ 


piston pin), piston 
center line!‘ center ling 


Fig. 67 


Fig. 65 


An offset piston is shown in Fig. 67. Note that 
the piston center line is not in line with the wrist, 
or piston-pin center line. The reason for the offset 
of the piston is to compensate for the reaction 
of the side thrust of the piston during the power 
stroke. When the piston is part way down on 
its power stroke all of the power or pressure on 
the piston is transmitted to the connecting rod at 
an angle, which reacts against the piston wall in 
proportion to the angle at that moment, mounting 
to a maximum at 45 deg. The greater portion of 
this area is below the wrist pin, so by placing the 
largest area on the left side, the tendency is to tip 
the piston against the side-thrust pressure and thus 
give a better equalized pressure. The Buick engine 
has the piston slightly offset. 


Fig. 66 


Meaning of Bore and Stroke 


The stroke is the length or distance the piston 
travels up and down inside of cylinder. The bore 
of a cylinder is its inside diameter, 


Square stroke. When the piston travel in a 
cylinder has the same length as the bore in diameter, 
it is called a square stroke and bore. 


Long stroke. When the piston travel is much 
more than the bore diameter, then it is called a long 
stroke. For instance, an engine with a piston of 
4” diameter, with a stroke of 4”, is called “square- 
stroke” engine. The case of a cylinder whose bore 
is, say, 4” and the stroke 514”, would be called a 
“long stroke.” 


The valve chamber is that part surrounding the 
valve. The valve port is the opening for the intake 
or outlet of gas. 


_ The combustion chamber is the inside upper por- 
tion of the cylinder, above piston, when the piston 
is at the top of its stroke. 


Inlet and Exhaust Manifold 


The inlet manifold is the part which connects to 
the inlet port openings in cylinders, from the carbu- 
retor. If there is only one connection ‘to the 


cylinder, as on a single-cylinder engine, then it is: 
called an inlet pipe. 


When the valves are all placed on one side of the 
engine, as in the ‘“L’’-head type of cylinder, then 
the inlet and exhaust manifold are both on the same 
side of the cylinder. 


When the inlet valves are on one side and the 
exhaust valves on the other side, as in a ‘“T’’-head 
cylinder, then the inlet manifold is generally on one 
side and the exhaust manifold on the other side. 


The exhaust pipe leads from the exhaust manifold 
to the muffler. If the engine is an eight or twelve 
“V”’-type, there are usually two exhaust pipes and 
two mufflers. In order that the exhaust manifold 
may be cooled as rapidly as possible, the exhaust 
manifold and pipe, connecting the exhaust valve 
chamber to the muffler, are exposed to the air. 


The connection from exhaust manifold to exhaust 
pipe is usually made with a flange connection, with 
asbestos packing between. 


The muffler and exhaust pipe should be made so 
that there is as little back pressure as possible. 
Back pressure is caused by anything that prevents 
the free escape of the gas. Therefore sharp bends 
should be avoided, otherwise the incoming fresh 
mixture becomes mixed with that part of the burned 
gas left from the previous charge, and the power of 
the engine is cut down accordingly. 


The Muffler—also Called “Silencer”? 


Purpose: If the exhaust valve opened directly 
into the open air, the noise of the combusted gases 
escaping through the exhaust port during the 
exhaust stroke would sound like the firing of a gun. 
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Fig. 68. Tllustrating how the exhaust gases pass from the 
cylinder, through the open exhaust valve, to the muffler. 


This noise is due to the pressure in the eylinder 
being much higher than the pressure of the air, and 
a sudden change from one to the other produces a 
loud report. The more sudden the change and the 
greater the difference in the pressure, the sharper 
will be the noise. For instance, the noise would be 
greater if climbing a hill with an open throttle, than 
if running on a level with a partially closed throttle, 


To silence the noise, a mufHer is connected to 
the end of the exhaust pipe, which is connected to 
the exhaust manifold (Fig. 68). The exhaust mani- 
fold is connected to the exhaust valve ports. 


_ Construction: The muffler is usually made of iron 
pipe, like a stove pipe, with cast-iron heads, as in 
Fig. 69. The exhaust gases (when the exhaust - 


If the muffler is not designed properly and is too 
small, or if it becomes clogged with soot, then the 
burned gases cannot be expelled as rapidly as they 
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rf Fig. 69. Sectional view of a muffler also showing how a 
cut-out”’ is placed on the exhaust pipe. 


should be. The result is back-pressure, or a tend- 
ency for the gases to work back against the out- 
coming exhaust, and also a retention of heat, thus 
causing overheating of engine and a slight loss of 
power, due to the back-pressure. 


The Exhaust Cut-Out 


The exhaust cut-out is a device which can be 
placed on the exhaust pipe, between the engine 
and muffler (Fig. 69). It is arranged so that it can 
be opened by a foot pedal, thus permitting the 
exhaust gases to pass into the open air instead of 
the muffler. 


The cut-out is now seldom. used, except on speed 
cars or for hill climbing, because of the noise, and 
also because of the fact that mufflers are now 
designed so that there is only a slight back-pressure. 
The cut-out was used extensively during the early 
days, because engines were minus power and mufflers 
were not properly designed. 


Inlet Manifold Construction 


In the simplified illustrations below are shown 
different constructions, in order to give the reader 
an idea of the different methods which are and have 
been used. 


With the inlet manifold, the design should be 
such that there may be as little resistance as possible 
to the flow of the mixture. This manifold should 
be as straight as the position of the carburetor will 
permit. There should be no sharp angle-bends, the 
bends being as flat and easy as possible and the dis- 
tance from carburetor to inlet ports as short as 
possible to prevent condensation. 

When more than one cylinder is supplied from one carburetor, 
the distance from the carburetor to each valve should be the 


same. The inside of the inlet manifold must be smooth and 
clear so that there is no obstruction offered to the flow of gas. 


In those illustrations marked ‘“‘incorrect,’”’ the distance from 
the carburetor to the inlet valves is not equal, and consequently 
the valves nearest the carburetor will get more of the mixture 
than those farther away. 


In the arrangement marked “good form,” the distances are 
almost equal, and consequently the valves get equal quantities 
of mixture, and the engine will run more evenly than if the 
cylinders received different amounts. 


Incorreot S ; . 


Incorrect 


Good form of inlet 
for 6 cyl. 


Fig. 70. Inlet manifolds. 


Inlet manifolds are usually provided with means 
for heating, so that the gas mixture when passing 
through the manifold is vaporized. A hot-water 
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jacketed manifold is shown in Fig. 71. The water 
connections are made with the circulating pump. 


pe, 


WATER JACKETED % 
INTAKE MANIFOLD 


Fig. 71. 
manifold. 


Top and side view of a water-jacketed inlet 

Most inlet manifolds are heated by a part of the 
exhaust gases passing through a jacket which sur- 
rounds part of the manifold. 


Fig. 72. 
manifold. 


Top and side view of an exhaust-heated intake 


The “hot-spot” manifold is so arranged that the 
exhaust manifold surrounds part of the inlet mani- 
fold. Thus the exhaust gases pass over a portion of 
the inlet manifold which shortens the warming-up 
period with present-day fuel, and thus vaporizes 
the heavier particles of fuel more quickly. (See 
Fig. 72.) 


This subject is also treated under the general 
subject, “‘Carburetion,” in the discussion of “Heating 
the mixture.” 


Exhaust Manifold Construction 


Sharp bends in the exhaust manifold or pipe 
cause back pressure, and should be avoided. Durt 
in the pipe, or muffler, as well as soot in the muffler, 
has the same effect. In other words, the idea is to 
have the exhaust pipes offer the least resistance 
possible to the burned gases passing from the 
exhaust ports, otherwise part of the burned gases 
remain in the cylinder, mix with the fresh gases 
drawn in, and thus affect the mixture. 


Fig. 73. Exhaust manifolds: A good method of exhaust out- 
let for a 2- or 4-cylinder vertical engine is shown in Fig. 73 at A. 


B is a simple manifold in which an individual pipe from each 
cylinder exnausts directly into the large collector chamber CL. 
In this manifold the collector tube is made sufficiently large 
so that when the exhaust valve closes, the pressure in it is less 
than that in the cylinder at the valve, and thus there is no 
danger of back pressure. 


C shows an arragement in which the pipes 2 and 3 for the 
middle chambers are formed in one, whereas they are separate 
for cylinders 1 and 4. This works satisfactorily in that cylin- 
ders 2 and 3 never fire consecutively, and the one pipe 1s 
capable of taking care of the exhaust of the two. 


D is quite similar to the case shown in C, excepting that 
there are individual pipes for cylinders 1 and 2, and 3 and 4, 
This is bad construction, in that 4 fires immediately after 3, 
and 1 immediately after 2. 
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As the direction of the exhaust leaving the cylinders is the 
same, it is very easy to make a manifold in which the exhaust 
pipes, instead of having a tendency to obstruct one another, 
assist the other cylinders to exhaust. 


In engines which have their inlet and exhaust valves opposite, 
frequently all four of the exhaust valves are connected through 
one manifold with a single orifice. F is one example of an 
arrangement where it is possible to make the two passages unite. 
This is suitable for engines with cylinders cast in pairs. 


The defects of A and D can readily occur in this one; if 
makers were considering loss of power, they would not use this 
one, but they. want only to save space. 


For the best design, illustration G offers a reasonable solution. 
In this illustration there is an individual pipe from each cylinder 
to the large collector. At the end, each individual pipe pro- 
jects into the collector tube and curves in the direction of the 
exit for this collector tube. 


DIVIDED EXHAUST MANIFOLD 


Fig. 74. Two views of a divided exhaust manifold. 


The divided exhaust (Fig. 74) is used on several 
six-cylinder engines with cylinders cast in two blocks 
of three cylinders to a block. It is claimed for this 
design that it prevents overlapping and refilling of 
the cylinders with burned gases. 


Valve Caps 


Where valves are on the side and the head is cast, 
integrally with the cylinders, valve caps are screwed 
over the valves in the cylinder. By removing these 
caps the valves can be lifted from their seat and 
ground. There are two valve caps to each cylinder; 
an inlet-valve cap and an exhaust-valve cap. 


Compression or Relief Cocks, or Priming Cups 


They consist of small pet cocks screwed into the 
exhaust valve caps. By opening them when the 
engine is running, it is possible to see if any of the 
cylinders are missing fire. A flame will shoot out 
if firing. They are also used for injecting gasoline 
when the engine is cold and hard to start. The 
S. A. E. now terms this a “priming cup.” 


Cams and Cam Shafts 


A cam is a device that produces intermittent 
motion. When an object is in motion part of the 
time and at rest between motions, its action is said 
to be “intermittent.” A cam may best be described 
as a wheel with a hump or nose on one side (Figs. 
75 and 76); in other words, it is a piece of metal 
revolving with a shaft, part of its circumference be- 
ing farther from the shaft than the rest. The part 
of the cam that projects is called the nose. Any- 
thing resting against the cam will be moved only 
when the nose comes around to it; otherwise it 
remains stationary. 


Fig. 75 Fig. 76 
Fig. 75. Showing the nose of cam. 
Fig. 76. Nose of cam raising valve plunger or tappet, 


which raises valve, 


For a four-cylinder engine, four cams on the inlet 
cam shaft are shown in Fig. 77. Four more cams on 
an exhaust cam shaft are provided on the opposite 
side of this engine, because it has ‘‘T’’-head cylin- 
ders. The cams are divided in four positions on 
the cam shafts, and are made in one piece or integral 
with the cam shaft. If the cylinder is the “‘L’’-type, 
then all cams would be on the one .-m shaft (see 
Fig. 79). 


= CAMSHAFT 
BEARING 


Fig. 77. Illustrating how the cam shaft on a four-cylinder 
engine is operated by timing gears; also how the nose of the 
cams raises the valves. There are two cam shafts placed 
opposite, therefore it is a ‘‘T’’-head type. 


For each cylinder there is one inlet cam and one 
exhaust cam. The exhaust cam usually has a 
broader nose because it must hold the valve open 
longer. 


The cam shaft, also called the “secondary”’ or 
“half-time shaft,’’ has a cog wheel or gear, called a 
“timing gear,’’ on one end, which meshes with the 
drive-shaft-gear on the crank shaft. The cam 
shaft gear is also often driven by a silent chain. 


Fig. 79 


Fig. 78. The cam shaft as used with a four-cylinder ‘'T’’- 
head type cylinder. There are two shafts, an intake cam shaft 
and an exhaust cam shaft—one on each side of the cylinder as 
shown in Fig. 80. There are four cams on each shaft. The 
noses of the cams are placed at different positions, so that the 
valves will be raised at a certain time. C are the cams.. B 
are the bearings for the cam shaft. 


Fig. 79. The cam shaft as used with a four-c linder, ‘‘L’’- 
head type of cylinder. There is but one cam shaft iit this type 
because all of the inlet and all of the exhaust valves are on the 


“L”-side of the cylinder (see Fig. 81). There are eight cams 
on the cam shaft. 


When the crank shaft revolves, the drive gear on 
the crank shaft drives the timing gears, which drive 


the cam shaft and thereby rotate the cams : 
80 and 81). y ms (see Figs. 


The nose of the cam raises a-valve lifter or tappet, 
which plunges against the end of the valves and 
raises them from their seat. When the nose of the 
cam 1s under the roller or valve lifter, the valve is 
held open; the valve is closed after the nose passes 
by the action of a strong spring. 


The valve stem, being held in a valve guide, can- 
not move in any direction but up and down. Thus 
the Steady rotary motion of the cam is changed to 
the intermittent motion of the valve. 
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Fig. 83. Top view of the Mitchell model “‘F” six-cylinder engine. The illustration shows how the cam shaft is driven by 
gears. The crank-shaft gear drives the cam gear, which is attached to the cam shaft. The one cam shaft operates all valves (inlet 
and exhaust) from the one side of the engine. 
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Fig. 838A Fig. 84 


Fig. 83A. End view of the Mitchell engine. Note that the crank-shaft gear (lower one) drives the cam-shaft gear (large one). 
he cam-shaft gear then drives the generator gear (on the right). 


Fig. 84. Front view of the Studebaker model ‘‘EJ” six-cylinder engine. The cam shaft is driven by a silent chain. 
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As has been shown on four-cycle engines, each 
valve opens only once while the crank shaft makes 
two revolutions. Therefore the cam shaft should 
revolve only once while the crank shaft revolves twice. 


The cams are an integral part of the cam shaft 
and one cam cannot be moved one way or the other 
unless all move together. There are two types of 
cam shafts, those operating from the side of the 
cylinder and those operating overhead, or above 
the cylinder. 
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Fig. 80. Showing method of driving the two cam shafts 
and magneto on a ‘‘T’’-head engine. Note the two cam gears 


and shafts. 


Fig. 81. Method of driving the one cam shaft. An idler 
gear is provided to drive the magneto gear. “‘L’’-head type of 
cylinder engine. Note the one cam gear and shaft. 


Gear-Driven Cam Shafts 


‘The crank shaft drive gear and cam gears are 
called timing gears.. If two gears running together 


Fig. 82. End view of the cam gears and drive gear. The 
two cam gears (G2, G3) are called “half-time” gears, because 
they revolve just one-half the time, or revolutions, that the 
drive gear (G1) revolves. G1 is drive gear on crank shaft. 
G3 is cam gear for inlet cam shaft. G2 is cam gear for exhaust 
cam shaft. G4 and G5 are extra gears to drive the magneto 
and generator (‘“T’’-head engine). 


(or in other words, in “‘mesh’’), have the same num- 
ber of teeth they will make the same number of 


revolutions. 


If the driven gear has twice as many teeth as the 
drive gear, it will revolve only once while the other 
revolves twice. This is called a ‘‘two-to-one” or 


“‘half-time’”’ gear. 


Because the cam shaft must revolve only once 
while the crank shaft revolves twice, the cam-shaft 
gear has twice as many teeth as the crank-shaft 


drive gear (see Fig. 82). 


The cam shaft revolves in the opposite direction 
to the crank shaft when driven by gears without an 
idler and in the same direction when driven by a 
silent chain or an idler. The crank shaft and fly 
wheel of all gasoline engines revolve clockwise, or 
to the right, when facing the front of the engine. 
Thus gear (G1) (Fig. 82) would revolve clockwise. 


The wide-faced helical gear is the popular type of 
gear for the timing gears because they make less 
noise than a straight-tooth spur gear. Special 
materials, such as fabroil, micarta, and other com- 
pressed materials, are used by many as material 
for making gears which are silent. Drop-forged 
gears are also used, so also is steel for the crank- 
shaft gear and cast iron for the cam gear. 


Silent-Chain-Driven Cam Shaft 


The silent chain for driving the generator is quite 
popular, and it is also being used to a great extent for 
driving the cam shaft. The object is to obtain 
quieter running. This type of chain must not be 
confused with the ordinary roller type as used on 
chain-driven trucks. The silent chain is more posi- 
tive in action, otherwise the timing would be thrown 
out of adjustment. The teeth on a sprocket used 
for a silent chain are very close together and are 
accurately made. The silent chain, as its name 
indicates, is silent, but requires taking-up occasion- 
ally. After a certain period new links, or a new 
chain, is required. See Index under ‘‘Silent chains, 
adjusting of,” : 


ENGINE VALVES 


Purpose of valves: There are two valves to each 
cylinder of all four-cycle gasoline engines: an inlet 
valve and an exhaust valve. 

Note. The ‘“dual-valve” engine has four valves to each 


cylinder; two inlet and two exhaust valves. This subject 
will be treated later. 


Fig, 85 


Poppet type of valve: so named because the valve 


Fig. 86 


Fig. 85. 
Pops up and down. Poppet valves are used on ‘“‘L,” i Bea ye 
or ‘‘F’’-head type of cylinders, and are always mechanically 
operated, 


Fig. 86. The sleeve type of valve. There are two sleeves 
(S),—with openings at upper end. When these openings are 
together, the fresh gas is admitted or the burned gas is dis- 
charged, Mechanically operated, “IN” means inlet, and 

EX,” exhaust, 
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Fig. 87 


Fig. 87. The rotary valve, 


Fig. 88. Automatic inlet valve. Suction of pj ton dr 
the valve open against the tension of sprin, cheueh vane 
mechanically operated. ae. Batetel vars 


Types of valves: There are three types in general 
co As “poppet, : ne and the prey : 
see Higs. 85 to 88), the poppet t+ bei 
almost exclusively. ; Makita so 8 


The inlet valve admits fresh gas to the cylinder. 
As fresh gas 18 going into the cylinder during only 
one stroke in every four, the inlet valve is opened 
during only one ‘stroke in every four, in other 
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words, during one stroke in every two revolutions 
of the crank shaft. 


The exhaust valve permits the burned and useless 
gas to escape. It is opened and held open by a cam 
on the cam shaft. It is thus described as ““mechani- 
cally”’ operated. 


Mechanically operated valves are opened and 
held open by means of cams and closed by means of 
a strong spring. The exhaust valve is always 
mechanically operated. 


Inlet valves are generally mechanically operated, 
but some of the old and motorcycle type of engines 
have the inlet valves of the “automatic” type. 


The automatically operated inlet valve is held 
against its seat by a light spring (see Fig. 88). During 
the suction stroke, the sucking action of the piston, as 
it travels downward in the cylinder, draws the valve 
open. At the end of the suction stroke, when the 
suction ceases, the spring forces the valve disk back 
to its seat, and the gas is prevented from escaping 
through the valve. 


It must be understood that the valves of a gaso- 
line engine always open in such a direction that the 
pressure from power and compression strokes tends 
to keep them firmly on their seats. 


Valve Operation and _ Location 


The ‘mechanically’ operated ‘‘poppet” type 
valve is the type in general use, therefore we shall 
confine our attention to this type. 

Valves are operated, or opened, by the intermittent 
motion of a cam and are closed by a strong spring. 

The location of the valves may be overhead or on 
the side, or a combination of both. 

VALVES ON SIDE OF “L'-HEAD 


CYL. CYLINDER HEAD INTERGAL 
WITH CYLINDER 
q 


VALVES ON SIDE OF 
RT=HEAD CYUNDER 


Fig. 89 Fig. 90 


Valves-on-the-side may be placed on opposite 
ides of the cylinder, as in the ‘‘T”-head cylinder 
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type of engine (Fig. 89), or all on one side, as in the 
“L’’-head cylinder type of engine (Fig. 90). Valves 
are operated by a cam shaft on the side. 


Valves-in-the-head-and-side are illustrated in 
Fig. 91. In this instance, the overhead valve is 
always the inlet, and the valve on the side is the 
exhaust valve. Both valves in Fig. 91 are operated 
by one cam shaft on the side. The cylinder is of 
the “L-type. 


Valves-in-the-head (or both valves placed over- 
head) with a detachable cylinder head are shown 
in Fig. 92. The head is usually detachable from 
the valves. Thus valves are ground in the detach- 
able cylinder head. 


Note. Although Fig. 92 shows two cam shafts and valve 
rods on opposite sides of the cylinders, this is seldom found in 
actual practice. In most instances there is but one cam shaft, 
and the push rods are all on one side. 
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Fig. 93 


Fig. 94 


Fig. 93. Illustration of solid cylinder head with removable 
cage, with valves ground in the cage. 

Fig. 94. 
shaft. 


Overhead valves operated by an overhead cam 


Valves-in-the-head (or both valves placed over- 
head in a solid cylinder head) are in cages which are 
removable and the valves are ground in the cage 
(Fig. 93). Valves are mechanically operated from 
the side by the cam shaft. 


Valves-in-the-head operated by an overhead cam 
shaft are shown in Fig. 94. This principle is used 
on the Liberty Engine and on many other aviation 
engines. 


The method of driving the overhead cam shaft 
is shown in Fig. 95. Note that the shaft (S) 
which drives the cam shaft is driven from the crank- 
shaft gear. This principle is similar to that em- 
ployed on the Stutz racing-car engine (Hig. 98). 


7— CAM SHAFT 


S\DE 


Wisconsin six-cylinder aviation engine which has 


Fig. 95. onsin s [ 
a valve action quite similar to that used on the Stutz racing 


cars. The cam shaft is carried overhead, 
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Fig. 96. or “‘twin-six’” engine with 


This 
is the Liberty Airplane engine, The cam shaft is driven in a 
manner similar to that shown in Fig. 95. 


The Dual Valve Engine 


Dual valves are valves with two inlet and two 
exhaust valves to each cylinder. The Pierce-Arrow 
six-cylinder engine (Fig. 97) is an example of a dual- 
valve engine. The cylinders shown in the illustra- 
tion are of the “T”-head type, with detachable 
head, cast in pairs, with a cam shaft on each side. 


A twelve-cylinder, 
valves-in-the-head operated by overhead cam shafts. 


Exhaust valves (EE) are on the left side of the engine 


and the inlet valves are on the right. This would 
be termed ‘‘valves-on-the-side.” On the late model 
of Pierce-Arrow engines the cylinders are in-block. 


Note. The left or right side of an engine or automobile is 
determined by being seated in the car, looking toward the front. 


The Stutz engine (Fig. 98) is another example of 
dual valves, with both valves-in-the-head of the 
cylinder operated by an overhead cam shaft. 


Advantage of dual valves: It is well known that, 
greater power, especially at higher speeds, is obtained 
by using large valves. i 
practice, the rule is to have the valve diameter one- 


For instance, in standard . 


half that of the bore of the cylinder. For a 414” 
bore, a 214” valve is used. In order, however, to 
get the maximum possible power, a 3’” valve with a 


38” lift would give greater power, but this would 
result in noisy valves, due to the heavy valve spring 
required to close them promptly, and also on account 
of the tendency of the exhaust-valve head to warp 
out of shape when heated. 


Therefore, by using two smaller valves of about 
24%" diameter with a 3¢”’ lift, the same opening 
area as the single 3” valve is obtained. This gives 
the maximum power and a very quiet valve action 
through the use of light valve springs. 


Valve Arrangement 


On the “L’’-head type of cylinders, all inlet and 
exhaust valves are on one side, but they do not run 
consecutively. Owing to the fact that the exhaust 
manifold must connect with all exhaust valves and 
the inlet manifold must connect with all inlet valves, 
the valves are usually arranged as in the illustrations 
above. The exhaust is on the outside, next to the 
water jacket on most all engines, because of the 
greater heat at the exhaust valve. Fig. 99 shows a 
four-cylinder engine; Fig. 99A illustrates a six- 
cylinder engine. (‘“X” are exhaust valves). 


Fig. 99. Four-cylinder exhaust and inlet valves. 


Fig. 99A. Six-cylinder exhaust and inlet valves. 
exhaust valves. 


ox are 


Although the valves vary in location and methods 
of operation, the principle or purpose remains the 
same; the inlet to admit fresh gas, and the exhaust 
valve opening at the correct time to expel the 
burned gas. 


Valve Parts 


Valve heads are made of cast iron, nickel steel, 
and tungsten steel. Cast iron is easily machined 
and works fairly well, but is heavy. Nickel steel 
does not heat as much as cast iron and does not 
expand as much as cast iron. Nickel steel heads are 
electrically welded to steel valve stems. Tungsten 
steel is hard and stands high temperature without 
heating. The “‘poppet”-type valve is the type in 
general use. We shall, therefore, confine our atten- 
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tion to this type. A “poppet”’-type valve has three 
parts: a “head,” a “stem,” which forms the moving 
part, and a “‘valve face’ which seats into a “valve 
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Figs. 100 and 101. Two methods of operating the lift of 
the valve. Note in Fig. 100 that the lift is direct from the 
cam to the tappet, thence to valve stem, whereas in Fig. 101, 
a valve rocker arm takes the place of valve tappet. The 
method shown in Fig. 100 is the one in general use. 


seat.” This valve face is beveled and is perfectly 
round. When seated, it must fit the valve seat 
perfectly tight, otherwise during the compression 
stroke the gas would leak, and on the power stroke, 
a loss of power would result by the valve leaking at 
the seat. Therefore it is ground to this seat. 


The expression ‘“‘valve-head diameter’? usually 
refers to the clear opening of the valve. The ‘“‘valve- 
head” is the upper part of the valve and usually 
measures from one-third to one-half of the cylinder 
diameter. Jor instance, on the Continental model 
“7” six-cylinder engine, which has a cylinder bore 
of 314”, the diameter of the valve at the clear open- 
ing, or the small end of the bevel, is 114”, and at the 
head, or largest diameter, it 1s 154’... Both inlet 
and exhaust valves on this engine, as also on many 
others, are the same size. 


The valve lift of this engine (“7R”), is 5/16”. 
On the Pierce-Arrow, the valve lift is 11/32”. 
“Valve lift’? means the height the valve is raised 
from its seat by the cam. Therefore it is clear that 
if the valve stem clearance is not correct (the space 
between the end of the valve stem and the valve 
lifter), the lift would not be correct, and thus power 
would be lost, owing to the smaller valve opening. 
As a result of this, less gas would be drawn into the 
cylinder. 

Valve seats are usually beveled at an angle of 
45°. The diameter of the exhaust pipe should at 
least be equal to the diameter of the valve. 


The valve spring holds the valve tight in its seat 
and must have sufficient tension at all times. If 
too strong, the valve will close with more noise. 
Tf too weak, the valve will not seat properly. The 


exhaust valve spring usually weakens first on account 
of being subjected to greater heat. 


The valve-spring-retainer-and-lock, originall 
called the “valve spring washer,” is placed F “tha 
bottom of the spring and held in place by a two-part 
lock. Formerly, a “key” was passed through a hole 
in the valve stem as in Fig. 104, but, as stated, a 
two-part lock is now placed in a groove in the valve 
stem under the retainer (washer). 


The valve face is the beveled part of the valve 
head. The valve seat is the part of the cylinder 
head in which the valve face is placed. The valve 
face and seat can be conical or flat. It is usually 
conical, as in Figs. 100 and 102. 


Fig. 102 


Fig. 103 


Note the conical type of valve in Fig. 102 and the flat type in 
Fig. 103. It is said that the flat valve gives a greater onenine 
for the same valve lift and has greater possibilities for high- 
speed work. Seldom used. ;: 


The ‘‘tulip’’-shaped valve is another type, formerly used 
the Cadillac for inlet valves. It is now seldom used (eee lade 


The valve stem is the stem part of the valve head. 
The stem of a mechanically operated valve on the 
“L”- or “T”-head cylinder of the “side valve” prin- 
ciple usually extends about half-way down to the 
cam shaft. A valve lifter then lifts the valve stem 
by action of a nose on the cam as the cam revolves. 
To set this cam to raise the valve at the proper time 
is called “valve timing.” : 


On engines with overhead-valves, there is a rod, 
called the ‘‘push rod,” or ‘“‘valve rod,’’ between the 
valve tappet and the rocker arm (see Fig. 92, page 53). 

Note that a spring is placed between the valve tappet 
and the valve rod, which tends to keep the tension of the valve 
rod up and to reduce noise. 

Valve-stem-clearance, also called “‘air-gap,” is 
the distance between the lower part of the valve 
stem and the valve tappet. On the overhead, or 
valve-rod type, it is usually between the rocker arm 
and the end of the valve stem. This distance is 
regulated by an adjusting nut. 


The valve-lifter, also called ‘valve plunger,” 
‘valve tappet,” and other names, is the part placed 
between the valve stem and the cam. The top 
part has an adjustable screw which can be slightly 
raised or lowered to obtain correct valve clearance. 


Exhaust cams usually have a broader nose than 
the inlet cam, because the exhaust valve remains 
open longer. 


The bottom of the valve lifter is sometimes fitted 
with a ‘Toller,’ (R), (Fig. 106). The “mushroom” 
type (Figs. 100, 104 and 105) is the type used most. 


A valve rocker—upper—is used on all overhead 
valves, also called “rocker arm.” A valve rocker— 
lower—is the principle shown in Fig. 101. Itisalso 
called a “side tappet lifter.’”’ The latter is seldom 
used. 

A valve-stem guide holds the part through which 
the valve stem passes (Fig. 100). Sometimes it is 
bushed as shown in Fig. 100. Quite often it is plain, 
as in Fig. 101. 
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Fig. 106 


Fig. 104 


Fig. 105 
Figs. 104, 105. 
Fig. 106. 


Notein Fig. 104 the valve just starting to lift. In Figs. 105 
and 106, the valve is just closed. 


Mushroom type of valve lifter. 
Roller type of valve lifter. 


A valve-lifter guide (also called “plunger” and 
“tappet’’ guide) is shown in Fig. 100, which is fitted 
with a bushing and ean be renewed when worn. It 
is bolted, sometimes screwed, to the crank case. In 
Fig. 101, a plain guide is shown. 


Enclosed valves are where a cover fits over the 
valves (Fig. 100). This deadens the noise of the lifter 
when striking the valve stem and keeps out dust. 


Although valves may be placed overhead, or in 
a combination, as overhead and on the side, the 
principle of operation is very much the same in either 
case. 


Mereury-Cooled Exhaust Valve 


The mercury-cooled exhaust valve is a type of valve at one 
time used on one of the farm-lighting-plant engines. With 
high-duty internal combustion engines the exhaust valve is sub- 
jected to direct blasts of exhaust gases of about 1L800°F. ‘The 
only provision heretofore made for radiating the heat from 
valve head (H) and the stem was through the valve guide. As 
a result, the stem often became red hot, with the consequent 
result, warping and loss of compression at the valve seat. 
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Principle: The effect of the mercury contained within the 
valve is of course to transmit the heat from the hottest part of 
the valve up to the portion of the valve stem which is exposed to 
the atmosphere, and which has a series of aluminum radiating 
ae (F) connected therewith, to facilitate the cooling of the 
valve. : 


The mercury (M) under normal temperature is in liquid 
state and rests at the bottom of the valve stem. As heat is 
absorbed by the valve stem and transmitted to the mercury, 
the mercury is vaporized and immediately rises, until, coming 
into contact with the cooler part of the valve stem, it will 
undoubtedly condense and flow back to the bottom of the stem 
to be again vaporized and to repeat the previous operation. 


Purpose of Valve Grinding 
The exhaust valve is surrounded by a flame when 
open, and will become “pitted” in time, as shown 
in Fig. 107. 


| Fig. 107 


The exhaust valve requires more grinding than 
the inlet valve because the hot gases pass out 
between the valve seat and the valve face when the 
valve is raised. When the valve is opened, there 
must be sufficient space to permit the burned gas 
to pass freely. 


The inlet valve, admitting gas instead of ejecting 
a flame, does not pit as badly as the exhaust valve. 


In a perfect seated valve, the valve face and seat 
are smooth and even, with dull-gray surface. A 
pitted valve is rough, uneven, and full of tiny holes, 
and cannot come to a tight seat. A valve in this 
condition, therefore, must be ground. 


The process of grinding a valve is the placing of a 
grinding paste between the valve face and the seat, 
and revolving the valve until the roughness is worn 
down. See Index under “Valve grinding” and 
“Valve re-seating.”’ 

There are several prepared valve-grinding pastes on the 
market, but a very satisfactory abrasive may be had by mixing 


flour of emery, of the grade known as No. 120, with a little kero- 
sene or thin lubricating oil, until it has the consistency of paste, 


To grind valves in an engine where valves-are-on 
the-side, the usual plan is to remove the valve caps, 
if the cylinder head is solid, as in Figs. 108, 109 and 
110, and to grind the valves in their seats. 

VALVE SEAT INSIDE 


Fig. 108 Fig. 109 


Fig. 110 


Fig. 108. To grind valves in a solid cylinder head, remove 
the valve caps; remove the pin (or valve retainer) at bottom 
of the valve stem. A spring lifter is used to compress the spring. 


Fig. 109. Lift valve out of cylinder. 
Fig. 110. Smear valve grinding compound around edge of 
valve. Replace valve in its seat and grind, by turning valve 


back and forth on its seat until both the valve and seat show a 
bright ring about 1/32” wide all the way around. Remove 
all abrasive matter carefully before replacing. 


To grind valves in an engine with valves-on-the- 
side, with a detachable cylinder head, the cylinder 
head is removed as shown in Fig. 111, and the valves. 


are ground in their seat on the cylinder block as in 
Figs. 108, 109, 110. 


VALVES IN CYL BLOCK 


_Fig. 111. To grind valves on an engine with valves on the 
side and detachable cylinder head (Ford engine), 
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To grind valves in an engine with valves-overhead 
and with a detachable head, the cylinder head is 
removed and valves are ground in the head as in 
Figs. 111 to115. (The Chevrolet is shown as an 
example.) 


To grind valves in an engine with valves-in-the- 
head and in cages, remove the valve cage and grind 
the valve in the seat of the cage. See Index under 
“Valve grinding, cage type.” 


VALVES IN DETATCHABLE CYLINDER HEAD 
EX, IW. IN. EX. EXINDIN. EX, 


Fig. 112 


Tig. 113 


Fig. 112. Cylinder head removed. 
Fig. 113. Remove shaft and rocker arms. 


Procedure: Disconnect the upper radiator hose connection. 
Remove each of the bolts holding the cylinder head to the 
cylinder casting and lift the head off. The valves, rocker arms, 
and bearings, being attached to the head, will remain with it 
as shown in Fig. 112. Next remove the rocker arms and shafts 
as shown in Fig. 113. Before removing, the bearing caps 
should be marked with a center punch, so that they will not 
become mixed when replacing. Next remove the small wire 
holding the valve-spring cap pin in place (Fig. 114). With a 
screwdriver and your fingers press down upon the valve spring 
cap until a spring has been compressed enough to admit pulling 
out the pin. Remove each valve separately, using care not to 
mix them in any way, as they must go back into the same valve 
holes. 
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Fig. 114 


Fig. 114. Remove valve springs. 
Fig. 115. Grinding the valves in the cylinder head. 


Grinding: Secure a light coil spring and place it around the 
valve stem before replacing it for grinding. Smear the com- 
pound thinly on the beveled edge of the valve head and on the 
seat in the cylinder head. Place the valve in the up-turned 
cylinder head and grind as shown in Fig. 115. 


Before replacing the valves it is a good plan to scrape off all 


carbon deposit from the combustion chamber and piston. 
Also examine the copper asbestos gasket before replacing the 
cylinder head. If not perfect, a new gasket should be used. 


When replacing the cylinder head bolts, turn each one until 
the head just touches the cylinder head, then tighten each one 
evenly, a little at a time. None should be drawn tight until 
all are set snug. 


Refacing Valves and Reseating Valve Seats 


If valves become pitted and leak, they need re- 
grinding. If warped, or shoulders form in the seat, 
then the seat and valve ought to be refaced. See 
Index under ‘“‘Reseating valves.’ This subject is 
covered in the section devoted to “Repairs.” ‘Tung- 
sten valves are hard and when pitted or leaking 
must be refaced. 
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VALVE TIMING: Valve-Stem Clearance; Valve Lift; Setting the Valves; 
Meaning of Degrees. 


VALVE-STEM CLEARANCE 


If no space was left between the end of valve stem 
and tappet, even very slight wear of the valve and 
seat would prevent the valve from closing properly. 
Furthermore, there must be some cognizance taken 
of the expansion due to heat. As the stem expands, 
it gets longer, so if no clearance were provided the 
stem would rest against the tappet and would be 
unable to seat properly. 


Valve clearance, also called ‘“‘air-gap” space, is the 
space between the end of the valve stem and the 
lifter or plunger. The width of this air gap ranges 
from the thickness of tissue paper to 1/16’. The 
average gap is somewhere about, or slightly less than, 
postal-card thickness. 


Some manufacturers give about 1/1000” less space 
to the inlet than to the exhaust, because the exhaust 
valve stem lengthens more, owing to greater heat. 
For instance, Hudson gives .004 of an inch to the “air 
space” on the inlet valve and .006 to the exhaust. 
It is necessary to adjust the valve-stem clearance 
when valves become worn and thus lowered, as a 
result of repeated grinding, or where the valve is in 
a cage the end of the valve stem or rocker arm or 
push rod becomes worn, owing to the constant tap- 
ping, which causes natural wear in time. 


When the distance is too great between the valve 
stem and the tappet, as a result of wear or improper 
adjustment, this will produce a clicking noise and can 
be overcome by proper adjustment. Often a noise 
which sounds as if coming from the valve stem will 
be found in a worn valve tappet in its guide, and the 
noise is thus caused by the cam shifting the valve 
tappet against its worn guide. In fact, this is a 
very common trouble. The remedy is to replace 
the tappet with a new one. 
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Fig. 1. Valve clearance on valves-in-the-head is measured 
between the end of the rocker-arm and the top end of valve, 
as above. 

Fig. 2. Type of valves on side of “L”-head engine. Clear- 
ance is adjusted as shown in illustration, (Hudson six.) 

Adjustment of valve clearance where the valves 


are on the side, as in Fig. 2, can be made by screw- 
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ing up the adjusting screw if there is too much 
clearance, or screwing down the adjusting screw if 
clearance is not great enough. When the correct 
position is found, the valve-tappet adjusting screw 
is locked in position with the lock nut. 


Adjustment of valve clearance where the valves 
are in-the-head and rocker-arms over head can be 
made at the lower part of the valve push rod, if 
arranged as shown in Fig. 1, which adjusts the 
clearance between the end of the valve stem and the 
rocker arm. 


On the valve-in-the-head type (Fig. 92, page 58), 
the adjustment is on the top of the valve push- 
rod (J). The clearance given to valve stems in this 
instance is .003’’ to .010” between the valve stem 
and the rocker-arm, when the valve rod is entirely 
free from the cam, or when it is not riding the cam. 
The adjustment is made when the engine is warm. 


Clearance 


006° 


Fig. 3. 
Fig. 4. Exhaust valve on side. 


Intake valve overhead. 


The Essex overhead inlet valve is adjusted be- 
tween the upper push rod and overhead rocker- 
arm (Fig 3). The exhaust valve is adjusted on 
the side between the tappet and valve stem 
(Fig. 4).. The inlet is overhead and the exhaust 
on the side, both mechanically operated from 
one cam shaft on the side. On the Continen- 
tal model “7R” engine (side-valve type) the inlet 
valve is given .004”, and the exhaust valve .005/ 
clearance. The exhaust valve is given slightly 
more clearance because it is subjected to a higher 
degree of heat than the inlet, and, when iron is 
heated, it expands. The instructions are to adjust 
when the engine is warm. 


Hupmobile instructions call for .004/’ 
for both valves, when the engine is warm. 


Pierce-Arrow instructions are to adjust the inlet 
97 
for .003’’ clearance and the exhaust for .005’’ clear- 
ance, when warm. 


Locomobile instructions for Model “48” are to 
adjust the inlet valves .001” and the exhaust .004”” 
when the engine is cold, i 


clearance 


Packard “twin six” gives 
valves a clearance of .004/” 


Studebaker “Light Six” 
both valves for .004” 
warm. 


Studebaker “Big Six” and “Special Six” should 
have .005” clearance when the enginé is warm, or 
-008”” when cold. : 


Some manufacturers give instructions for certain 
clearances when the engine is warm, and others 
when the engine is cold. When the engine is warm, 


for the inlet and exhaust 
when cold. 


instructions are to adjust 
clearance with the engine 
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yppears to be the logical time for adjusting clearance, 
pecause the expansion and length of the valve stem 
ire greatest at this time, as the stem expands or 
engthens when warm and contracts or shortens 
when cold. 


While it is true that the valve stem expands when 
heated, it is also true that the cylinders and other 
metal parts of the engine expand at the same time. 
In extreme cold weather, the probabilities are that 
the cylinder contracts and expands to a greater 
extent than does the valve. This is a problem that 
has never been definitely settled. Thus the subject 
of valve clearance is one where expansion and con- 
traction of the metals are factors governing the 
clearance. Accordingly, one should follow the 
manufacturers’ instructions as to the exact clearance 
to be given on an engine, as they have no doubt 
learned the correct clearance from experience. 


The usual clearance is from .003” to .005”, and 
most of the adjustments are made when the engine 
is warm. Clearance varies according to size of the 
engine and also according to the temperature; an 
sngine running unusually hot would require more 
clearance, aS expansion would be greater. By 
referring to the Index, a table will be found giving 
the diameter of valves and the valve clearance of 
different makes of engines. 


In the absence of explicit instructions, give the 
engine .006’’ clearance when cold, and after it has 
warmed up adjust it to about .003”. In this way 
one will be safe. It is also advisable to check the 
valves to see if they open and close at the proper 
time. This can be done by observing the marks on 
the fly wheel and noting if the valves close accordingly. 


Valve-Clearance Adjustment 


Adjustment should always be made after the 
valves of an engine have been ground, as the grind- 
ng may slightly lower the valve. When checking 
the adjustment of valve-stem clearance, turn the 
ly wheel of the engine over until the other tappet 
and valve in the same cylinder are up as far as they 
will go, or the valve is wide open. The first valve 
will then be closed. The clearance should then be 
measured between the end of the valve stem and the 
head of the tappet screw. 


If it is found that the clearance is not right, loosen 
the lock nut on the tappet screw and turn the screw 
1p or down, as may be required, to obtain the correct 
clearance. 


It is best to use a “thickness gauge,” but if a 
zauge is not obtainable a piece of newspaper will 
serve as a gauge. A sheet of ordinary newspaper 
's between .002” and .003” thick. After the tappet 
serew is adjusted so that the clearance is correct, 
tighten the lock nut. ‘Back lash” or lost motion 
in the cam-shaft driving gears should be taken up 
n the direction of rotation (crank-shaft drive gear) 
when clearance is adjusted. 


A noisy valve tappet, resulting from wear, and 
where no adjustment is provided, can be, in some 
instances, remedied by placing fibre or steel washers 
ander or over the valve ends. 


The opening and closing time of the valve is not 
when the lifter begins to rise, or comes to rest, but 
when it makes or leaves contact. 


Valve-Clearance Pointers 


If the engine has good compression when cold and 
lacks compression and power when hot, this may 
indicate a lack of sufficient clearance between the 
valve tappet and valve stem. When cold, the valve 
seats properly, but when hot, metal expands. 
Therefore lengthening of the valve stem by expan- 
sion causes the valve to seat improperly, with a loss 
of compression and power. Experienced auto 
mechanics are aware of the fact that when an engine 
has good compression the force of the combustion 
during the power stroke is greater than if the engine 
has poor compression. Thus, since the force is 
greater with high compression, if there are any parts 
even slightly loose, such as bearings, too much piston 
clearance, loose piston pin, etc., a hammer-knock 
sound will occur and be the more noticeable the 
higher the compression. Frequently an automobile 
owner will drive his car in and tell the repairman to 
“take out the knocks.’’ The repairman immedi- 
ately proceeds to give the valves less clearance, 
which quiets the valves and at the same time 
relieves the knocks in the engine to a certain extent. 
This results from the fact that when the valves are 
given less clearance than they should have, the 
valve opens early and closes late, which reduces the 
compression, thus reducing the combustion and 
expansion force on the piston. As a consequence 
the noise is reduced, but power is sacrificed. This 
is bad practice. The proper procedure would be 
to properly adjust the valve clearance in the manner 
designed for the particular engine, and then to take 
up on the parts inside of the engine that are loose. 
And if there is a piston slap, be careful to replace 
the piston with a larger one. 


Valve Lift 


The inlet cam has a sharp nose. The exhaust 
cam has a broader nose, because it must hold the 
valve open longer. ‘The height of the nose, less the 
air gap, regulates the lift. The average lift of either 
the exhaust or inlet valve is approximately 11/32” 
to 34’’.. Itis thus evident that if the air gap between 
the valve stem and the tappet is too large, the valve 
will not open at all. 


If the air gap is increased, the valve will lift very 
slightly and stay open but a few degrees. If the air 
gap is decreased, the valve will open sooner, rise 
higher, and close later. This process can be re- 
peated until there is no air gap left. 


Therefore, suppose an engine was designed to have 
1/16” air gap and there was no air gap at all; the 
valves would open possibly 50° too soon, rise 1/16’ 
higher than intended, and close 50° too late. 


In case of wear of the end of the valve stem or 
tappet, it is apparent that as the wear increases, the 
space or air gap increases, and valves will have less 
lift, open late and close early, and become more 
noisy, all of which will affect the power of engine. 
The valve lift on the Continental Model ‘7R,” six- 
cylinder engine, with 314” bore, by 4/4” stroke, 
with 114” valves, is 5/16’... The Pierce-Arrow six- 
cylinder engine, with a bore of 4” x 514” stroke and 
using 15” valves, has a lift of 11/32’. The Loco- 
mobile six-cylinder engine, model “38,” has 5/16” 
lift; model ‘‘48,” a larger engine, has %g”’ lift. 


VALVE TIMING 


Before the reader can thoroughly master the sub- 
ject of valve timing he must first learn the four-cycle 
principle as explained on pages 31 and 382, as it is with 


this principle we shall deal. In addition, the miean- 
ing of degrees as explained below, and the relation 
of the valve-cam speed to the engine crank-shaft 
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speed and the importance of valve clearance adjust- 
ment must be thoroughly understood. 


Meaning of Degrees 


Suppose we take a fly wheel and divide its circum- 
ference into 360 equal parts (Fig. 1); each part 
would be a degree—expressed with a small “°” as 
360°. In fact, any perfect circle can be divided into 
degrees. The crank shaft revolves in a circle; 
therefore we will designate the travel of the crank 
shaft in degrees. Any circle, or, say, travel of the 
crank pin, would represent 360° when it made a com- 
plete circle or revolution. One-half of the circle 
would be 180°, which would represent a stroke of 
the piston, or a half-revolution of the crank. One- 
quarter of the circle would be 90°; one-third of the 
circle would be 120°. 


Note. The fly-wheel movement in the illustrations below 
is to the left, or counter-clockwise. We are supposed to be 
looking at the rear, or fly-wheel end of the engine for this pur- 
pose. 


tt upper dead center 
line 


360" 


“yt 
7; \ piston 
th 


180°. 


Fig. 1 


Fig. 2 


In Fig. 2, the piston has traveled down from upper 
dead center, one-quarter of the circle, or one-half 
of a stroke; the crank pin and fly wheel have turned 
9055, 2 

Note. The piston in actual practice will have moved 


slightly more, depending upon the length of the connecting 
rod, as will be explained farther on. 


Fig. 4 


In Fig. 3, the piston has traveled from top dead 
center to the bottom of the stroke; the fly wheel 
and crank pin have traveled 180°. 


In Fig. 4, the piston has traveled up from bottom 
one-half of a stroke, the crank pin and fly wheel 
have traveled one-quarter of a circle from bottom, 
or 90° from C to D. In all, the crank pin and fly 
wheel have traveled from A to D, three-quarters of 
a revolution, or 270°. 


In Fig. 5, the piston has made two strokes, one 
down and one up; therefore the crank pin and fly 
wheel have made a complete revolution, from A back 
to A, or 360° in all. 


The idea is to learn that the crank pin travels in a 
circle and the fly wheel travels in a circle, and a 
revolution is a complete circle, and a complete circle 
is 360°. The piston travels in strokes, each stroke 


representing a half-revolution of the crank. If we 
spaced off 360 marks, equal distances apart, on any 


180 bottom center cate 
Fig. 5 Fig. 6 
circle, then each mark would be called a degree. In 
Fig. 1, we have spaced off the marks as 5 degrees each. 


Meaning of Minutes and Seconds 


Now we can divide each degree into, say, sixty 
equal distances, and call each part or mark a 
“minute.” We could go still farther, and divide 
each minute into sixty equal distances, and call 
each part or mark, a ‘‘second.”’ 


A minute is usually expressed with a single mark 
after the figure, as, 25’. A second is expressed with 
two marks, as, 25’. 


Note. An inch is also designated with two marks, thus (”’), 
and a foot with one mark, thus (’). 


Example: Express ten degrees, six minutes, and 
five seconds. It would be as follows: 10° 6’ 5”. 

To find the circumference of a fly wheel: Multiply the diam- 
eter in inches by 3.1416. If the circumference is then divided 


by 360, the distance or portion of the fly wheel circumference 
equivalent to one degree may be ascertained. 


Uniformity of Piston Movement Governed by 
Length of Connecting Rod Relative 
to Crank Throw 


From the foregoing explanations of the piston 
movement relative to that of the crank throw, it 
would appear to the reader that when the crank pin 
moved 90° or one-fourth of a revolution from top 
dead center, the piston would have moved down 
exactly one-half of its stroke. This is not correct. 


For example, the crank throw is always one-half 
of the stroke of the piston, or the piston stroke is 
twice the crank throw; that is, where the cylinders 
are centrally located, or in line with the crank shaft. 
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Figs. 7, 8, and 9. _ Relative position of piston to crank ona 
centrally located cylinder. 


As an illustration of this, see Fig. 7, in which is 
shown a connecting rod 10” long from the center of 
the wrist pin in the piston (X) to the center (B), 
The crank throw is 214” from (B) to (C), therefore 
the stroke of the piston woud be 5” when the crank 
pin (P) moves from position (B) to (D). 
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The foregoing applies to a full stroke, or one half- 
revolution (180°) movement of the crank pin (P). 


In the illustration (Fig. 8) the crank pin (P) has 
moved from top dead center (B), down 90° to (C), 
which would appear to indicate that the piston 
would have moved down from top dead center (1) 
to (2), or one-half of its stroke, which however, is 
not the case, as will be seen by referring to Fig. 8. 


Note that the piston has actually moved down 
216" plus about 5/16”, or 2 13/16” instead of 216", 
which is about 5/16’ more than one-half of its stroke. 
Therefore when the crank pin moves the next 90° 
(C) to (D), the piston will have to move only one- 
half of its stroke less 5/16” (2144’’—5/16”"=2 3/16”), 
which will be less than half of a stroke. 


The shorter the connecting rod relative to the 
crank throw, the greater the difference in movement 
there will be between the upper portion of the stroke 
and the lower portion of the stroke, as represented 
by the first 90° movement of the crank pin and the 
second 90° movement of the crank pin. 


An exaggerated illustration is shown in Fig. 9, 
in which the connecting rod has been shortened, but 
not the crank throw. Note the difference in piston 
stroke from (1) to (2A) in Fig. 9, as compared with 
(1) to (2A) in Fig. 8, while-it will be noticed the 
crank pin has moved exactly the same in each case, 
that is, 90°. 


Effect of Offset Cylinders 


In the foregoing, we have taken as an example 
an engine with a centrally located cylinder (in lne 
with the center of the crank shaft). Many manu- 
facturers build their engines with offset cylinders; 
that is, the cylinders are placed to the left (when 
looking from the fly wheel) of the center of the 
crank shaft. 'The most peculiar feature of an offset 
cylinder is that the piston stroke or travel is no 
longer equal to twice the crank throw, as in the case 
of a centrally located cylinder. With an_ offset 
cylinder, the stroke is slightly longer than twice the 
crank throw. 
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Fig. 11 


Figs. 10 and 11. Relative position of piston to crank on 


an offset cylinder. 


In Fig. 10, we have the same crank throw_and 
length of connecting rod as in Fig. 8, but it will be 
noticed that by offsetting the cylinder 1’, we have 
increased the stroke from 5’’ to about 5 W382 


Another feature to be noticed is that when the 
crank has revolved 90°, the piston has descended 
just about one-half of the stroke. Contrast this 
result with that found in Fig. 8. The offsetting 
decreased the effect of angularity during the down- 
ward stroke. 


In Fig. 11, when the crank has revolved 270°, it 
will be noticed that the piston rises only 1 31/32” 


(approximately) from bottom dead center. This 
distance is still farther removed from one-half the 
stroke than was the case in Fig. 8, consequently the 
offsetting increased the effect of angularity during 
the upward stroke. 


Remarks on Inlet-Valve Opening 


It has been explained that the valves are raised 
by means of cams operated by a cam gear or sprocket 
placed on the front of the engine, in connection with 
a gear or sprocket driven from the crank shaft. 


If one of the cams raises an inlet-valve just as the 
piston is starting down on the suction stroke, a 
charge of gas will be drawn into the cylinder as 
long as the piston is on the suction stroke and the 
valve is open. The valve should therefore open in 
time to give the piston a chance to draw in a cylinder 
full of gas. 


If the valves were to open late in the stroke, a full 
cylinder of gas would not be drawn in and the power 
of the engine would be less than what it should be. 
If the inlet valve opens too early, it will cause back- 
firing; if too late, a sluggish engine and overheating 
will result. The inlet-valve timing gear is used for 
timing the inlet valve to open at the right time, this 
being done by meshing the gears or setting the 
sprockets at the right place. 


The practice is to allow the piston to descend 
about an eighth of an inch in the cylinder on the 
suction stroke before the inlet valve opens, so as to 
reduce the pressure and create, if anything, a 
vacuum which causes a greater suction. 


Inlet-Valve Closing 


It is almost universal practice to leave the inlet 
valve open until the piston has not merely reached 
the bottom of the stroke, but has actually traveled 
slightly up again on the compression stroke. It 
would seem that under these circumstances part of 
the gas would be forced out of the cylinder, but this 
is not the case as the high speed at which the piston 
is traveling causes the suction to continue for a short 
time on the compression stroke. This will, of 


-course, vary with the speed of the engine, so that a 


certain valve setting will not be correct for all speeds, 
since, if the inlet valve is closed at the correct time 
for slow speed, it will close too early for higher 
speeds and less gas will be drawn in than would be 
the case with correct setting. 


However, there is an average speed for all engines, 
and the valves are set to it accordingly. This 
average speed on most engines is approximately 
1,000 revolutions per minute. 


Exhaust-Valve Opening 


The exhaust valve must open considerably before 
the piston reaches the end of the expansion stroke, 
and although this may waste some of the force of 
the explosion, it is compensated for by the freedom 
afforded the piston in completing the exhaust stroke. 


It would be wrong to keep the exhaust valve 
closed up to the very moment when the piston is 
about to move upward, for, on commencing the 
exhaust stroke, the piston would be confronted for 
an instant with the force that had just driven it 
down, and until the valve was wide open, it would 
be considerably impeded on its journey. 


The exhaust valve is usually opened when the 
piston has moved through about seven-eighths of 
the power stroke; that is, before bottom of dead 
center. Exhaust valves opening too early, however, 
cause pounding and clatter. 
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Exhaust-Valve Closing 


The exhaust valve must not close before the end 
of the exhaust stroke. Since the gas which remains 
in the cylinder head is slightly under pressure at the 
end of the stroke, the valve is often allowed to remain 
open until the piston has moved slightly down on 
the suction stroke, so as to give full opportunity for 
as much exhaust gas to escape as possible. 


In order to understand just how important it 
really is to expel all of the burned or exhaust gas, 
it must be explained that one of its chief constituents 
is carbon dioxide—the most powerful anti-combus- 
tion agent known to science. Its presence, there- 
fore, even in small quantities, retards considerably 
the speed of the combustion development. 


Tt will now be obvious from the foregoing that, 
if the exhaust gases are to be entirely expelled from 
the cylinders, the valve must be made to close a 
little later than ‘top center,” or—as it is technically 
described—must have a certain degree of “lag’’; 
for it is evident that if we close it at the exact top 
of the stroke, the contents of the combustion head 
(which we wish to get rid of) will be imprisoned and 
will contaminate the incoming charge. 


The amount of this “lag’’ will depend on several 
things—the shape of the combustion head, the 
weight of the valve, the strength of the springs, and 
design of the exhaust system. 


Valve Effect of ‘‘Lag’’ or Bounce 


Valve spring, strength, and weight have to be 
reckoned with on account of their influence on 
inertia lag as distinct from that which is intentional, 
for it is well known that as the speed of the engine 
increases the valve tends to “‘jump” the closing 
face of its cam and closes later and later as the speed 
increases. This is what we describe as “inertia 
lag.” There is a point, however, past top center 
to which the exhaust extraction lasts, and pending 
this extracting effect the.valve should remain open. 
But if carried beyond this point, a reverse of the 
exhaust gases may occur, for it must not be for- 
gotten that the piston has now started down on its 
suction stroke. It becomes a question, therefore, 
of closing the valve when the scavenging is as 
complete as possible. 


The best design of cylinder head for an “overlap” 
is the round or “TI”? head with overhead valves. 
The ordinary ‘“L”’ head is not so good, and in cer- 
tain kinds of heads in which the inlet and exhaust 
valves are small and close together in a small pocket 
an overlap is quite useless. 


On the other hand, it has been found in racing 
practice, where the exhaust pipe is very long, 
straight, and open, and the combustion head suit- 
able for scavenging, that a very considerable over- 
lap can be allowed with advantage. 


What Governs Valye Timing 


_ The size of cylinder, especially in the stroke and 
in the type of ignition, shape of manifold, and the 
speed of engine, governs the valve timing. 


Karly setting of valves on an engine will cause 
irregular running at lower speeds, unless a very 
heavy fly wheel is used. It will also increase the 
gasoline consumption in short-stroke engines, 


For high-speed work, the inlet may be opened and 
closed late. For slow-speed work, closing the 
exhaust and inlet on center gives the best control, 
and no blowing back. 


The time of opening and closing of valves with 
reference to the engine speed of course has an 
important bearing on its performance. If the valves 
open too early it will cause back-firing, while if they 
open too late a sluggish engine and overheating will 
result. 


High-speed (short-stroke) engines have a longer 
time of valve opening than medium or slow-speed 
engines. The slower-speed engines have the ex- 
haust opening and the inlet closing nearer to 
bottom center, while some high-speed engines open 
the exhaust 65° before bottom center and close the 
intake 70° after bottom center. 


Valve timing of different engines will vary accord- 
ing to the intended average speed and the length of 
stroke. Long strokes are for slower-speed engines 
than short strokes. Obviously high-speed engines 
are not efficient at slow speeds, because the inlet 
closes too late and the exhaust opens too soon, thus 
losing part of the charge and part of the power 
stroke. And slow-speed timing on a_ high-speed 
engine does not permit of receiving a full charge nor 
of getting rid of the back pressure during the 
exhaust stroke. 


The value of the design of the cam may be, and 
nearly always is, lost through improper valve 
clearance or alr-gap adjustment. 

A point which suggests itself on the timing of the inlet 
opening, and which also holds true for other operations on the 
timing circle, is in the securing of a quiet cam. Quietness in 
the cams is generally secured at the sacrifice of power. A steep 


cam is as a rule more noisy and more powerful than one giving 
a slower opening. 


To secure the full opening of the inlet valve at a point which 
will not be too late to permit a full charge to be taken into the 
cylinder, and yet at the same time to have a cam which will 
not be noisy, means that the inlet opening will have to be 
started fairly early. This is one of the points which often indu- 
ces a maker to sacrifice the vacuum to some extent for the sake 
of quietness. 


Meaning of Valve Lap 


The word “lap”’ is often used in connection with 
valve-timing, as also in connection with the firing- 
order of cylinders. 


In speaking of the firing order of cylinders we 
speak of one cylinder “lapping” another. For 
instance, on a certain eight-cylinder engine there are 
eight periods of 44 degrees travel of the crank when 
two cylinders are on power, or “lapping” at the 
same time. 


The use of the word “lap” in connection with 
valve timing means the period of time that both 
valves are open at the same time, or + (plus lap). 


Zero lap: If the exhaust valve closed just as the 
inlet valve started to open, we should term this, 
“zero lap” (no lap at all). “Zero lap” means that 
the exhaust closes at the same time the inlet valve 
opens. With zero lap there is no vacuum in the 
cylinder at time of the inlet valve opening. 


_ Minus lap: If the exhaust valve closes before the 
inlet valve opens, we should term this “minus lap,” 
designated with a (—) mark. The (—) ‘minus 
lap,” which is the general condition in use on most 
engines, the exhaust closes an appreciable period 
before the inlet opens. This permits the piston to 
descend slightly on the suction stroke before the 
inlet valve opens, thus creating a vacuum in the 
combustion space. Therefore, the rush of gases 
into the cylinder is greater owing to this partial 
vacuum. 


By referring to Fig. 6, page 32, the exhaust valve 
will be seen to be closed before the inlet starts to 
open; this would be termed (—) ‘minus lap.” 
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Plus lap: If the inlet valve opens before the 
exhaust valve closes, it is termed “plus lap,” desig- 
nated with a (+) mark. The (+) “lap” means 
that both exhaust and inlet valve are open together 
for a period of the lap. In other words, the inlet 
opens before the exhaust closes. The theory is that 
the inertia or rush of exhaust gases passing out 
through the exhaust port is sufficiently great to 
create a partial vacuum, and causes a stronger in- 
rush of fresh gas. 


Owing to the fact that the exhaust and inlet gases 
should not conflict in their direction, the (+) plus 
lap is generally used on “‘T’’-head engines. 


Valve ‘“‘Lag’”? and Valve ‘‘Lead”’ 


If a valve opens late or remains open after it is 
supposed to close, it is said to “lag.” For instance, 
the exhaust valve is usually allowed to “lag” about 
10 degrees after leaving the top of its exhaust stroke 
before it closes. 


The term ‘valve lead” usually applies to the 
valve opening before the piston reaches top or 
bottom center. This distance is called “lead”; 
and when it closes after center, this distance is 
termed “‘lag.” 


For instance, the setting of the spark is sometimes 
given a “lead,” or the exhaust valve is usually given 
a “lead” of 46 degrees, meaning that it opens before 
bottom. The faster engines are designed to run, the 
greater the amount of “lead” or “advance” given 
the opening of the exhaust, and also the spark, when 
running. 


Periods of Time Valves are Usually Open 


Before taking up this subject in detail, we shall 
again review the relation of the speed of crank shaft 
to the cam shaft and get the names of the parts 
clearly in mind. 


A stroke is the movement of the piston from the 
top to the bottom, or from the bottom to the top. 
This motion is called “reciprocating motion of the 
piston.” When the piston goes either from top to 
bottom or from bottom to top, the crank shaft 
turns one-half of a revolution. (This does not hold 
true where the cylinders are offset.) 


Therefore, four strokes of the piston would repre- 
sent two revolutions of the crank shaft. 


The cam shaft turns one-half as fast as the crank 
shaft, because the cam gear is twice the size of the 
crank-shaft gear which drives it. 


The nose of the inlet cam is usually shorter on its 
length of face than the exhaust cam, because the 
exhaust cam holds the valve open a much longer 
period of time than the inlet cam holds the inlet 
valve open. The cams which operate the valves are 
steel forgings, turned and ground to correct shape. 
They are then case-hardened to decrease the wear, 
and are usually made as an integral part of the cam 
shaft. 


The shape of the cam determines the actual lift 
of the valve and the time during which it shall 
stay open. The symbols, A, B, and ©, over Figs. 
104 to 106 (page 56) show several generally used 
shapes. 

Cams which are pointed give a slow opening and 
slow closing, the greatest opening being at the middle 
of the valve-lift period. 


Cams which are more nearly square open the 
valve rapidly, keep it nearly wide open until ready 
to close, and then allow it to close quickly. 


It is customary to design the positioning of the 
cam shaft and valve tappets, so that the tappets are 
not directly over the center of the shaft, but are 
offset slightly on the lift side. This gives a more 
direct lift instead of a side thrust, as would be the 
case if they were centered. 


In actual practice, the inlet valve seldom opens 
on top, usually after the top of stroke, varying from 
5 to 15 degrees flywheel measurement as explained 
in Tig. 12, (page 64), which opening is 8 degrees 
after the top of the stroke. 


The inlet seldom closes when the piston reaches 
bottom, but from 5 to 38 degrees after bottom. 
(Fig. 13, page 64.) 


The exhaust valve seldom opens on bottom, but 
usually 40 to 50 degrees before bottom (Fig. 14, 
page 64), 


The exhaust valve seldom closes on top of stroke, 
but usually 5 to 10 degrees after top. (In Fig. 15, 
page 64, the illustration shows the exhaust valve 
closing on top, in order that the reader may more 
clearly understand the illustration.) 


The cam turns at the same speed as the cam shaft. 
The nose on the cam raises the valve. Therefore 
the inlet valve will be raised once during the four 
strokes, and the exhaust valve will be raised once 
during the four strokes. 


Fig. 11A. This illustration is supposed to represent the 
movement of the cams during a period of four strokes of the 
piston, as explained below and on page 33. 


By referring to Fig. 11A, the inlet cam on the first 
stroke will be found to be in the position of (1), and 
will turn from 1 to 2, or 90 degrees during the first 
stroke. 


The exhaust cam will then be in position (2), 
and will turn from 2 to 3, or 90 degrees, during the 
first stroke. : 


During each stroke the cam moves 90 degrees, 
whereas during the same period the crank moves 
180 degrees. 


Inasmuch as a stroke of the piston is from top to 
bottom, or 180 degrees travel of the crank, it will be 
necessary to distinguish the difference between the 
time of opening and closing of the valves and the 
period of travel of the erank shaft during the four 
actions of suction, compression, explosion, and 
exhaust periods, as explained in the discussion that 
follows. 


Note. When speaking of “top,” it refers to top dead center 
(or upper dead center), or when piston is at the top of its 
stroke, and ‘‘bottom,”’ refers to bottom dead center (or lower 
dead center), or when piston is at the bottom of its stroke. 
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Explanation of the Period of Suction, Com- 
pression Power, and Exhaust 


Example: Inlet opens 8° after top, closes 38° after 
bottom. Exhaust opens 46° before bottom, and 
closes on top. 


Fig. 12 shows the inlet valve starting to open 8° 
after top center (“TC”) (viewing the engine from 
front); note that the mlet will remain open during 
the suction period until the crank is 38° after bottom 
center (“BC”). The period of travel of the crank 
during the suction period is 210°. The inlet valve 
is open during this period. 


Fig. 13 shows the inlet valve closed. The piston 
will now travel up on compression to top center 
(“TC”). The period of travel of the crank during 
the compression period is 142°. 


In Fig. 14, the spark occurs at top (in actual prac- 
tice, just before the top), therefore, the next stroke 
down is a power stroke. Note that the period of 
travel of the crank pin during the power stroke is 
only 134°, as the exhaust valve starts to open at 
46° before bottom. Note, too, that the exhaust 
cam 1s Just starting to open the exhaust valve. 


In Fig. 15, the exhaust opens 46° before the piston 
reaches bottom. The exhaust valve remains open 
during a period of 226°, the crank traveling from 
46° before bottom, to bottom, thence to top (“TC”). 
Tn this instance the exhaust valve closes on top or 


dead center. 
little after top dead center (about 5° to 10°). 


EXHAUST OPENING 


Fig. 15 
In actual practice it usually closes a 


Note. Fig. 15 shows shading of the exhaust period. This 


shading should extend to the right of the 46° mark. 


_ Fig, 16. Tlustrates all that is shown in Figs. 12 to 15, com- 
bined in one illustration. 


Observe the position of the cams during the vari- 
ous periods. The cam turns at one-half the speed 
of the crank shaft. Therefore, if the crank shaft 
revolves twice to complete the four strokes, the 
cams will make one revolution. 
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Valve-Timing Position 


The position of the crank shaft determines the 
position of the piston. 


The position of the piston determines the point 
where the valve is set to open or close. 


Therefore the cam shaft must be so placed that 
the cam will raise the valve when the piston is at 
a certain position. 


This is accomplished by meshing the cam gear with 
the crank-shaft gear when the piston is in correct 
position. 


Marks are usually placed by the manufacturer on 
the cam gears which will indicate just where to 
mesh gears. The flywheel is also used for timing, 
if there are marks on it, which is usually the case. 


It is also important to secure the proper valve 
clearance when timing the valve. 


Setting Valves on a Single-Cylinder Engine 


Suppose the valves are to be set on a single 
cylinder ‘“T’’-head engine, with exhaust to close on 
dead center, and inlet to open one-eighth inch after 
top on the suction stroke. 


Setting the exhaust valve: First, place the piston 
(by turning the crankshaft) to top dead center; then 
mesh the exhaust cam gear with the crank-shaft 
gear, so that the exhaust valve is just seating. 


Setting the inlet valve: Move piston down one- 
eighth of an inch from top; mesh inlet cam gear 
with crank-shaft gear, so that the inlet valve is Just 
starting to rise. 


It will be noted that the inlet opens and the suc- 
tion stroke begins right after the exhaust closes. 
Therefore the closing of the exhaust and opening 
of the intake is the point to work from. 


A matter of importance to remember, is the spark. 
When setting valves, be sure the contact on timer 
or magneto is set to occur when the piston is on top 
of compression stroke, a full revo.ution from where 
the inlet valve starts to open. (This will be treated 
under “Ignition timing.”’) 


Setting the Valves on a Multiple-Cylinder 
Engine 


Setting the valves on a multiple-cylinder engine 
is identically the same operation as timing a single- 
cylinder engine. 


If there is a multiple of cylinders, say four, then 
there must be at least one inlet and one exhaust 
valve for each cylinder. Therefore, there must be 
four cams for the four inlet valves and four cams for 
the four exhaust valves. The usual plan is to place 
the piston of No. 1 cylinder at the top of its stroke, 
and to work from that point. 


If the engine cylinders are “T”-head, then there 
are two cam shafts: one for the inlet valves and one 
for the exhaust valves, placed on opposite sides of 
the cylinders. 

If the cylinders are “L” or “round” head, with 
cam shaft on the side, then there is usually but one 
cam shaft. 


Timing the Valves on a “T’?-Head Multiple- 
Cylinder Engine 

On a “‘T”-head engine, all exhaust cams are on 

the exhaust. cam shaft and all inlet cams are on the 

inlet cam shaft. Therefore when setting valves on 

9, “T”-head cylinder engine (Fig. 17), there are two 


cam gears to set, the inlet and the exhaust. If the 
cylinder is a four or six, or any multiple of these, 
setting, or meshing the cam shaft gear with the 
crank-shaft drive gear so that one cylinder is cor- 
rectly timed, is all that is necessary, as the other 
cams are fastened permanently on the cam shaft, 
and must open and close all other valves at the 
correct time. 
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View from front of engine. 


For example, suppose the inlet valve opened on 
top dead center and the exhaust closed on top dead 
center. The piston of No. 1 cylinder (front of 
engine) would be placed at the top dead center of its 
stroke and the cam gears would then be meshed at 
this position. 


The setting of the inlet cam gear would be such 
that the nose of the inlet cam was just starting to 
raise the inlet valve in the direction of rotation 
(see Fig. 17). 


The setting of the exhaust cam gear would be 
such that the nose of the exhaust cam was just 
permitting the tappet to leave the stem of the 
exhaust valve (Fig. 17). 


Timing the Valves on an ‘‘L’’-Head Multiple- 
Cylinder Engine 


To set the cam for valve opening on an “L’”’-head 
cylinder, it is only necessary to set the one cam gear, 
which is the exhaust cam, at the closing point (see 
Tig. 18). If the engine has a multiple of cylinders 
all other cams will then operate as they should, as 
all exhaust and all inlet cams are on the one cam 
shaft and are set permanently when the cam shaft 
is made. 
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Fig. 18. View from front of engine. 


The usual plan is to place No. 1 piston in the 
position where the exhaust valve is to be closed, and 
mesh the cam-shaft gear with the crank-shaft drive 
gear at this point. Although it is only necessary 
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to set the exhaust cam so that the exhaust valve 
will close, on an “L’’-type engine, there are marks 
on the fly wheel which are used for checking the 
timing. This is explained farther on. 


Timing Valves on an “‘I”’ or Round-Head Type 
of Engine 
The overhead valves are usually operated by 
push rods, all from one side of the engine and from 
one cam shaft. Therefore the timing would be the 
same as-for an “L”’ head. 


With an overhead cam shaft, the valves are usu- 
ally operated by one cam shaft. Therefore the 
principle is the same. 


Remarks 


It is well to note that even though there are four, 
six, eight, or twelve cylinders, each of the pistons 
must pass through the four strokes during two 
revolutions of the crank shaft, even though two of 
the cylinders are firing at once during part of the 
time (which they are in a six, eight, and twelve 
cylinder engine). ' 

Just how these four strokes are made by each 
piston during two revolutions of the crank, is 
explained under ‘Firing order,”’ farther on. 


In a four-cylinder engine, remember that, owing 
to the shape of the crank shaft, pistons 1 and 4 are 
always up or in line when 2 and 3 are down, or 
vice-versa. In a six-cylinder engine, pistons 1 and 
6, 3 and 4, and 2 and 5 are.in line. 


Before timing the valves on No. 1 cylinder, adjust 
the valve clearance on this cylinder. 


After completing the valve timing on No. 1 cylin- 
der, adjust the valve clearance on the remaining 
cylinders. 


Timing Marks on Flywheel 


Usually marks also appear on the circumference 
surface of the fly wheel, which indicate the position 
in which the crank shaft is to be placed for correct 
setting of valves and meshing of cam gear and 
crank-shaft gear. 


The mark on the flywheel is placed in line with a 
center mark (or a “trammel,” also called an “indi- 
eator,” or a “pointer’’) on the cylinder, or elsewhere. 


J peal 


Note. On engines with unit power plants, instead of the 
center line being on the cylinder, a small hole at the top of 
the fly-wheel case is provided, in order that the line and figures 
on the fly wheel can be seen through the hole. 


Valve-Timing “Indicator”? or “Trammell” 


A trammel or indicator is a stationary starting 
point on which to base all work. It is sometimes 
attached to the base of a eylinder or other point, 
instead of a center line on the cylinder. It is usually 
directly over, orin front of, the fly wheel, as in Fig. 20 
(flywheel indicator). 

Example of timing the valves on an “L’’-head six-cylinder 
engine by marks on the flywheel: The exhaust valve closes 


at 15° past top. It is not necessary to know this, however, as 
the marks are all that is necessary to follow. 
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WITH INDICATOR CYUS.126ARE AT TOPOF STROKE. 


Fig. 20. Showing the purpose of an “indicator’’ or ‘‘tram- 
mel” as applied to a 6-cylinder engine. 


Procedure: When the long mark 1-6 on the fly wheel is in 
line with “indicator” on the crank case, pistons Nos. 1 and 6 
are at their highest points or upper dead center. After turning 
the fly wheel to this mark, then turn the fly wheel to the left 
(when behind it) until the small dot mark is under the indicator. 
This is the point (15°) at which to set the exhaust valve, just 
closing, and at which point the cam gear should mesh with the 
crank-shaft gear. Therefore it is plain that setting the exhaust 
valve just closing, on a 6-cylinder engine with valves on the 
side, is all that is necessary. 


Variation of Valve-Timing Marks (on Fly 
Wheel) 


Sometimes the marks may vary. For instance, 
instead of “1-4 UP” or “1-4 DC,” it may appear as, 
“T C 1-4” (top center 1-4) or “U C 1-4” (meaning 
upper dead center), or some similar mark meaning 
the same thing. 


Some manufacturers vary their marking on the 
rim of the fly wheel as follows: Inlet opens “ITN-O” 
or “I. 0.” Inlet closes “IN-C” or “TI. C.” 

Exhaust opens “EX-O” or “E.O.” or “X.O.” 
Exhaust.closes “EX-C” or “E.C.” or “X.C.” 

If the figures 1-4 or 2-3 appear after or before any 
of these marks, as ‘1-4-IO.,”’ this means the number 
of the cylinders, as ‘1 and 4, inlet opens.”’ 
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Fig. 20A. Valve-timing marks on the fly wheel of a Reo 
four-cylinder engine. 


For an example of valve-timing marks on a four- 
cylinder engine fly wheel, see Fig. 20A. Here the 


engine fly wheel has upon its face the following 
marks: 


Tako, meaning, inlet valve opens. 

Ge meaning, inlet valve closes. 

. O., meaning, exhaust valve opens. 

-C., meaning exhaust valve closes. 

U.D.C., 1 and 4, upper dead center; cylinder 1 and 4. 
U.D.C., 2 and 3, upper dead center; cylinder 2 and 3. 


These points, marked upon the face of the wheel, 
show where the exhaust and inlet valves of each 
cylinder should open and close. A reference point 
(the small boss marked with a cross upon cylinder 


No. 4, next to dash), is used in this instance, instead 
of an indicator, 


The engine cylinders are numbered 1, 2, 3, and 4, No. 1 being 
next to the radiator, and No. 4 next to the dash. By referring 
to Fig. 38, page 45 of crank shafts, previously given, it will be 
seen that cranks 2 and 3, and 1 and 4 are exactly 180 degrees 

Therefore the same marking on the flywheel that 
serves for No. 2 also serves for No. 3, and the marking for No. 
1 serves for No. 4, these points being exactly one-half revolution, 
or 180 degrees, apart, as before mentioned. 
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Checking the Valve Timing 


Although it is only necessary to set the exhaust 
cam so that the exhaust valve will just close, on an 
“T-type of cylinder engine there are marks on the 
fly wheel which are used for checking the timing. 


As an example, a four-cylinder “L’’-type engine 
is used (Fig. 21), with timing scale as an example of 
checking the timing, as follows: 

Say center of cylinders 1 and 4 are marked on fly wheel 


may center of cylinders 2 and 3 are marked on fly wheel 


Inlet valve opens 5° past top center, marked on fly wheel 
1-4 IN, O.” 


Inlet valve closes 40° past bottom center, marked on fly 
wheel ‘1-4 IN. C.” 


‘Exhaust valve opens 40° before bottom center, marked on 
fly wheel ‘‘1-4 EX. O.” 


Ixhaust valve closes 7° past top center, marked on fly wheel 
“1-4 HX. C,” 


The same marks appear for cylinders 2 and 3. 


An example of valve-timing marks on the fly wheel 
See text for checking valve timing 
Note that the 


Bigs 2h ) 
of a four-cylinder engine. e 
from these marks. View from rear of engine. 
fly wheel turns to the left. 


The purpose of checking the valves is to see that 
they are opening and closing as marked on the fly 
wheel. 


To determine whether. or not the valves are 
properly timed, first open the relief cocks on top of 
the cylinders, then have someone crank the engine 
over slowly until the line marked ‘1-4’ is opposite 
the center line of the cylinders. At this point the 
exhaust valve in either No. 1 or No. 4 cylinder 
should just commence to close. It will be the case 
in one or the other. 


If you find that the exhaust. valve in No. 4 cylin- 
der is beginning to close and you wish to check up 
the valve timing in No. 1 cylinder, turn the fly wheel 
around to the left (standing in rear. of engine) one 
complete revolution, until line ‘‘1-4"" 1s again brought 
opposite the center line of the cylinder; then con- 


tinue slowly turning the flywheel about three-quar- 
ters of an inch farther to the left until the line 
marked ‘7° (1-4 EX. C.)” coincides with the center 
line of the cylinders. This is the point at which 
the exhaust valve in the No. 1 cylinder should just 
seat itself or close. 


To determine whether or not the valve is seated, 
see if the tappet or push rod underneath the valve 
can be turned with the fingers. If the tappet turns 
freely, the valve is seated; but if the tappet is hard 
to turn, that will show that the valve is still being 
held slightly open. If this is the case, loosen the 
lock nut on the tappet screw, and turn the screw 
down until the valve has the proper clearance, then 
turn the lock nut down tight against the tappet. 

When the valves are closed there should be a clearance be- 
tween the end of the valve stem and the tappet screw of from 


.003 to .005 of aninch. This amount of clearance is necessary 
to allow the valve to seat tightly. 


Note. The opening and closing time of a valve is not when 
the lifter begins to rise or comes to rest, but when it makes or 
leaves contact. 

To check the timing of the inlet valve in No. i 
cylinder, turn the fly wheel slightly to the right until 
the line “1-4” is in line with the center of the cylin- 
ders, and then turn the fly wheel about one-half 
an inch to the left until the line marked “5° (1-4 
IN. 0.)” coincides with the center line of the 
cylinder. At this point the inlet valve should just 
begin to open. 


Continue turning the fly wheel half a turn to the 
left, stopping when the line marked “40° (1-4 IN. 
C.)” comes in line with the center of the cylinders. 
At this point the inlet valve should just close. 


To see if the exhaust valve in No. 1 cylinder opens 
at the proper time, revolve the fly wheel still farther 
to the left, and stop when the line “40° (1-4 EX. 
O.)” comes up in line with the center of the cylinders. 
This is the point where the exhaust valve in No. 1 
cylinder should just begin to open. This operation 
completes the checking of cylinder No. 1, with the 
exception of the exhaust closing, which can be 
checked by the 7° mark ‘(1-4 EX. C.)” being in 
line with the dead center line of the cylinder. 


To check the timing of cylinder No. 2, turn the 
fly wheel until the line marked ‘‘2-3” is in line with 
the center line of the cylinders. If the exhaust 
valve in the No. 2 cylinder is closed, turn the fly 
wheel through one complete revolution, until the 
line “2-3” is up again; the exhaust valve in No. 2 
cylinder should then be just starting to close. Pro- 
ceed now the same as in timing the No. 1 cylinder. 
The valves in cylinders No. 3 and No. 4 are timed 
in the same manner. 


Cylinders Nos. 1 and 4 are timed from the center 
line “1-4”; 5° to the left for inlet opening, and 7° 
for exhaust closing, and cylinders No. 2 and 3 from 
the line “2-3”; 5° to the left for inlet opening and 
7° for exhaust closing. 


It is advisable, when checking the opening and closing points 
of the valves with the marks on the flywheel, to make a note of 
the variation of each of the valves from the marks in the fly 
wheel. 

Then, after all the valves have been checked, you can com- 
pare the variations for the different valves and in this way de- 
termine whether the variations are due to the large time gear 
on the end of the cam shaft not being properly set with relation 
to the timing gear on the end of the crank shaft, or to wear in 
any particular cam or valve tappet. A variation, not to exceed 
one-half of an inch either way from the lines on the fly wheel, 
is permissible, and will not make any material difference in the 
timing of the valves. If the variations exceed this and are 
uniform for the different valves, the correction should be 
made by resetting the cam-shaft gear. 


Note. If one person feels the tappet head of the valve whicb 
is being checked, while another slowly pulls the fly wheel round 
in its proper direction of motion, the precise moment at which 
the valve commences to lift can readily be determined by the 
binding of the tappet head against the stem of the valve. 
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HOW TO CONVERT DEGREES ON THE RIM OF THE FLY WHEEL TO INCHES! 


The following table is provided for converting degrees into 
fractions of aninch. For example, if a certain engine is to be 
timed when the inlet opens, say 10° after top of stroke, and there 
are no marks on the fly wheel to indicate this position, by refer- 
ting to this table the distance in inches to measure on the fly 
wheel from upper dead center mark can be found. 


It will be necessary however, to know the diameter of the 
fly wheel. Suppose the fly wheel is 17 inches; refer to first 
column and find 17, then go out to column under 10° and you 
have 1.48 (one and forty-eight one-hundredths of an inch). 
This would represent the distance to measure for the inlet 
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opening mark on the fly wheel. Forty-eight one-hundredths 
(.48) is not so easy to measure on the rule. Therefore refer in 
the conversion table below, to .48 and note it is equal to 
31/64 of aninch. Therefore we would have 1 34/64’. 


Another example: What would 21° represent in inches on a 
17-inch fly wheel? Procedure: find 17, go out to column under 
2°, and we find .30. Put this down. Refer to the conversion 
table and note .30 = 19/64. Now refer back to the column 
headed 1°, and we find .15, which is equal (below), to 5/32” 
or 10/64.” One-half of 10/64” = 5/64”. Therefore 2°, or 19/64” 
+ 5/64” = 24/64” = 34”. 
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HOW TO MARK A FLY WHEEL IN DEGREES AND INCHES 


Most fly wheels of engines are marked in some 
manner. If, however, you know in degrees what 
timing to give an engine, and if the flywheel is not 
marked, then with the assistance of the table on 
page 68, the markings can be punched on the cylin- 
der with a center punch. 


The first procedure would be to make a punch 
mark, or place an ‘“ndicator”’ at the base of the rear 
cylinder (A), Fig. 23. Be sure it is exactly in the 
center of the cylinder (see Fig. 20A, page 66); 
however, when the piston is on top dead center 
when the indicator is being located, it could be 
placedto one side, as on the Reo. 
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Fig. 22. (Left.) Looking down on top of the flywheel 
when standing in rear of it. 


Fig. 22. (Right.) Side view. 
Next, place the piston of No. 1 cylinder at the top 
dead center of its stroke. 


Next, punch a mark or line on_ the flywheel 
directly in line with the indicator. Mark this line 
“DC-1-6,” meaning that the pistons of cylinders 
1 and 6 are at the top, or dead center. (We shall 
assume that it is a six-cylinder engine. If a four- 
cylinder, mark “DC-1-4’.) 


Suppose the valve timing is as follows: Exhaust 
valve closes 2° past top and opens 40° before bottom, 
and inlet valve opens 10° after top and closes 28° 
after bottom, as measured on the fly wheel, which is 
the usual method of following degree marks (Fig. 22). 


The next procedure is to measure the diameter of 
the fly wheel. Suppose it measures 147 Reler to 
the table (page 68) and find 14 in the first column 
under “Diam. Wheel.” Note that 2° measured on 
the circumference of the fly wheel would be .24 
(twenty-four one-hundredths of an inch). Refer 
to the conversion table in the same table, lower down 
on the page, and note that 24 is equal to 15/64 of 
an inch. Now, make another mark 15/64 of an 
inch to the right of the mark “DC-1-6,” and mark it 
“BC” (exhaust closes). 


Note. Looked at from the front of an engine, the fly wheel 
revolves clockwise, or to the right. Looked at from the rear 
of engine, which is the position from which we are looking at 
the engine in Fig. 22, the flywheel revolves counter-clockwise, 


- or to the left. 
When the flywheel is moved to the left so that the 
mark “EC” comes in line with the indicator, the 
“BC” represents a 5° movement of the flywheel, 


and the piston would be shghtly down on its stroke 
from the piston dead-center position and the exhaust 
valve would just close. 


If the engine was an “‘L’’-head cylinder type, this 
marking would suffice, as the cam-shaft gear is usu- 
ally meshed with the crank-shaft gear at the posi- 
tion where the exhaust closes. 


If the engine was a ‘“‘T”’-head cylinder type, the 
inlet cam shaft would have to be timed as well as 
the exhaust. In our example (Fig. 22) the inlet 
valve opens 10° past top. Refer to the table and 
note 10° on a 14” flywheel is 1.22 (one inch and 
twenty-two one-hundredths of an inch). Refer to 
the conversion table and note that .22 is equal to 
7/32 of an inch. Now make another mark on the 
fly wheel 1 7/32 of an inch to the right of the mark 
“DC-1-6,” and mark it “IO” (inlet opens). 


When the flywheel is moved to the left so that the 
mark “IO” comes in line with the indicator, the “IO” 
represents a 10° movement of the fly wheel, and the 
piston would be slightly down on its stroke from 
piston dead-center position and the inlet valve 
would just begin to open. 


The inlet cam-shaft gear is meshed with the 
erank-shaft drive gear at this position. 


Marking of the position of other pistons on the 
fly wheel can be made in the same manner. This 
is not necessary for timing, but it is necessary for 
checking the timing. 


Another Method of Marking a Flywheel in 
Degrees 


Although the table on page 68 shows how to find in inches 
or a fraction thereof just where to mark a flywheel in degrees, 
another method is given below. Suppose there are no timing 
marks on the flywheel and you desire to mark it so that the 
exhaust valve closes 10° after top dead-center (see Fig. 23). 
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Fig. 23 


Set the engine so that the piston in No. 1 cylinder, namely 
the cylinder nearest the radiator, is at the top of its stroke. 
With the use of the protractor or with a square, make a mark 
at A on the rim of the flywheel, on the inner edge, which mark 
will be directly above the center of the crank shaft when the 
piston is at top of its stroke. 


Then, with the protractor placed against the flywheel so 
that the 90° mark points directly toward mark A, go 10° to the 
right on the protractor (standing in rear of engine), and then 
make a mark at B on the flywheel. This mark will be 10° to 
the right of mark A. Now turn the fly wheel until mark B is 
at top center. 
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With the engine in this position mesh the timing gears so 
that the exhaust valve of No. 1 cylinder is just closing. 


It is understood that when standing behind the fly wheel it 
would turn to the left, as shown by the arrow point. There- 
fore, the piston must first reach top center (A) with the exhaust 
valve still open, and travel 10° farther to (B) before it closes. 


This method is inaccurate. The method described under 


Fig. 22 is preferable. 


To Locate Position of Piston 


In the previous matter we have considered placing 
the piston on top dead center of the compression 
stroke. How to tell when the piston is on top of the 
compression stroke is explained below. 


Usually a mark is placed on the fly wheel to indi- 
cate when the piston is at top of its stroke. For 
instance, in a four-cylinder engine, a mark will prob- 
ably be on the fly wheel, such as ““DC 1-4,” meaning 
“dead center up 1 and 4,” or pistons 1 and 4 are at 
top of stroke. In a six-cylinder the mark would 
probably-appear as “DC 1-6 up,” meaning pistons 
land 6areontop. Or the mark may be ‘1-4 up,” 
or “1-6 up,’’ meaning the same. These marks on 
fly wheel are placed in line with the center mark on 
the cylinder, or in line with an indicator. After 
finding the top, by moving the fly wheel to the right, 
the piston is placed before top; 1f moved to the left, 
it is placed after top. 


On a four-cylinder engine, when No. 1 piston is 
on top, No. 4 is on top also. On a six-cylinder 
engine, when No. 1 is on top, No. 6 piston is also 
on top. 


It is necessary, however, to find just what stroke 
pistons 1 and 4 or 1 and 6 are up on. ‘Therefore 
watch the valves. 


When No. 1 piston is at top on compression stroke, 
both valves would be closed; the exhaust cam of 
No. 4 would just be at the point of closing the ex- 
haust valve; the inlet cam of No. 4 would be at the 
point of just starting to open No. 4 inlet valve, 
because when No. 1 starts down on power, No. 4 
(or No. 6, if a six-cylinder engine) would have just 
completed its exhaust stroke and would start down 
on the suction stroke. 


If the engine happens to be a “T”’-head engine 
with a compression cock in the center and there are 
no marks on the fly wheel, it is easy to find when the 
piston is on top by placing a wire or bicycle spoke 
through the pet cock and turning the engine over; 
when the wire rises to its highest point the piston is 
on top of dead center (Fig. 24). The next point is 
to find if it is on top of compression stroke, which 
position will be indicated by the position of the 
cams, as explained above. 


If a cylinder is of the “L’’-head type, and the fly 
wheel is not marked, it may not be possible to get a 
wire into the cylinder. In this case open the com- 
pression cock and place your finger over it; have 
someone crank the engine slowly until you’ feel 
compression; let this escape gradually. When the 


gas has ceased escaping, the piston is at or near top 
dead center. The compression stroke is found by 
watching to see when both valves are closed. 


Another plan is to remove the lower crank case 
and turn the crank until the connecting rod is in a 
perfectly vertical line; at the same time watch the 
valves, as mentioned above. 


Example of Valve Timing with Position of 
Piston 


The ilustrations below represent the valve timing 
of the Locomobile ‘‘38” and ‘'48”’ six-cylinder ‘“‘T”’- 
head engine. The figures below are expressed in 
inches of piston travel from dead centers. Degrees 
are also mentioned. 


To speak of timing an engine in inches of piston travel means 
that we set the valves to open or close when the piston is in a 
certain position with respect to the cylinder. For example: 
to set the exhaust valve to close 1%” past top dead center, bring 
the piston to top dead center of the exhaust stroke; turn the 
engine in the normal direction of rotation until the piston has 
descended }%” onits stroke; set the valve to close at this point. 
These measurements may be made by means of a wire inserted 
through the pet cock, as shown in Fig. 24. 


Speaking of timing an engine where the timing is expressed in 
degrees refers to the degrees motion of the crank shaft or fly- 
wheel. For example: to set the exhaust valve to close 10°27’ 
past top dead center, bring the piston to top dead center of the 
exhaust stroke; turn the engine in the normal direction of 
rotation a distance of 10° 27’, as measured on the flywheel, and 
set the valve to close at this point. 


Exhaust Opens Exhaust Closes Inlet Opens Inlet Closes 


Fig. 25. Relative position of piston to the openi 
closing of valves (Locomobile). apd 


““38”’—exhaust opens .780’ before bottom center, or 52°33’: 
Sree or 10°27’, past top center. Total exhaust opening 
is : 


“38"’—inlet opens at top center; 


closes .67’” Rr 
bottom center. Seah) ORES a ep ast 


Total inlet opening is 228°3’, 


““48”—exhaust opens 3/4’ before b st 
center. / ottom center; closes top 


“48”—inlet opens 3/32” past top center: 3ytr 
bottom center. > Pp center; closes 34” past 


Note. Locomobile ‘48” two-spark engi i 
_ Not gine varies f: 
“48,” in that the exhaust closes on top and the inlet apa aices 
past top. ‘The ‘'38”’ was discontinued in 1918. 
Hudson Valve Timing in Inches 


The timing of the Hudson “Super-Six” six- 


cylinder “L”’-head engine, measured according to 
piston travel; 


Fig. 26—inlet opens 1/64” after top dead center, 


Fig. 27—inlet closes 17/32’ 
pence / after bottom dead 


Fig. 28—exhaust opens 57/64” 
dead center. 


Fig. 29—exhaust el " 
asics closes 1/32” after top dead 


before bottom 


The wire used for these 
exactly 5 1/16” long. measurements should be 


VALVE TIMING 71 


Fig. 26 


The timing of the Hudson in degrees relative to the move- 
ment of the flywheel: 


Fig. 27 


Fig. 28 Fig. 29 


Intake opens 7° after top dead center; closes approximately 
42° after lower dead center; 


Exhaust opens about 55° before dead center; closes 8° after 
top dead center. 


Dodge Valve Timing 


Valve timing of the Dodge four-cylinder “T”-head engine: 
First see that the valve lifter or tappets are properly adjusted, 
which is .003 clearance for inlet and ,004 for exhaust. Then 
turn the crank shaft clockwise until the top of piston No. 1 is 
1/16” above the top of the cylinder on exhaust stroke, after 
passing top d.c. Turn the cam shaft counter-clockwise until 
No. 1 exhaust valve is just fully closed. Gears are then meshed. 
The inlet opens 10° after top and closes 35° after bottom; 
exhaust opens 45° before bottom and closes 8° after top. Fly 
wheel is 1614” diameter for cars using a cone clutch and 1514” 
diameter for cars using the disk clutch. A degree on the larger 
wheel spans a distance of 0.1418’, and on the smaller wheel, 
0.1353’”. 


To assemble timing gears on the Dodge: Turn the crank 
shaft clockwise until the top of No. 4 psston is 54” (or 5°) below 
top of the cylinder, on the compression stroke. Then rotate 
the cam shaft counter-clockwise until No. 3 exhaust valve is 
ready to open. The crank-shaft and cam-shaft gear should 
then be meshed so that the single punch mark in the latter is 
between the two on the former. 


Timing the Valves of the 1921 Buick Six- 
Cylinder Engine 


The exact point in the cycle at which the valves 
are opened and closed is determined by the shape 
of the cams which operate them and by the angular 
relation between the cam shaft and the crank shaft. 
If it should ever become necessary to remove one of 
these shafts or the gears which drive them, they 
must be replaced in proper relation to one another 
or the valves will be “out of time.” To obtain this 
relation, the punch-marked tooth on the crank-shaft 
gear (Fig. 30) should be set to match with the punch- 
marked space on the cam-shaft gear. 


Adjusting Buick-Six Push Rods 


With the timing gears properly meshed, the final 
setting of the valves can be made by adjusting the 
push rods (valve rods), to proper length by means 
of the adjusting ball ends and lock nuts. 


In making this adjustment, turn the engine by 
hand, in a clockwise direction, until the line marked 
“1 and 6” on the flywheel, comes into line with the 
line on the rim of the inspection hole. This is the 
firing position for cylinders Nos. 1 and 6, numbering 
from the radiator back, and one or the other of these 
cylinders will be found to have both valves closed, 
so that: both rocker arms will have a slight amount 
of play. 


The push rods for these rocker arms should then 
be adjusted from the back of the cams and while the 
engine is warm (see instruction plate on side of 
engine), so as to give .010” clearance between the 
end of the valve stems and the rocker arms. This 
is approximately the thickness of a sheet of heavy 
paper or very light card. 


_ Push rods for the other cylinders may be adjusted 
inthe same manner. Best results will be obtained if 
these adjustments are made while the engine is idle. 


. 
VALVE SPRING] 
gies 


MANIFO! 
COMBUSTION INTAKE 
SPACE MANIFOLD? 
PUSH ROD. HOTAIR 
CHAMBER 


VALVE LIFTER GUIDE 
VALVE UFTER. 


CAM ROLLER PIN 
CAM ROLLER 


Fig. 31. The Buick six-cylinder engine has both inlet and 
exhaust valves placed in-the-head of the cylinder and is a 
typical modern type of engine with valves-in-the-head. The 
valves are in cages which can be removed for grinding. 


One half-teaspoonful of kerosene inserted around the valve 
stem at least once a week while the engine is running will keep 
the valve free from carbon and prevent it from sticking in the 
valve cage. 

In setting the marks on the flywheel be careful to turn the 
motor only in a clockwise direction, otherwise the backlash in 
the timing gears will affect the result. Caution: If adjust- 
ment is made while the engine is cold, the expansion of the 


push rods when the engine gets warm will cause the valves to 
be held open. ; 


Grinding Buick-Six Valves 


To keep the engine up to its maximum efficiency, 
the valves must be gas tight when closed. When 
leakage occurs the valves should be ground as 
follows: Compress the valve spring and lift the push 
rod out of the socket in the valve lifter. Loosen the 
valve cage nuts with the special drift furnished in 
the tool kit and remove by unscrewing. A light tap 
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with a hammer on the end of the valve stem will 
loosen the cage so that it may be withdrawn. Be 
careful not to injure the small bronze packing ring 
ontop. Remove the valve spring and after cleaning 
with gasoline or kerosene, smear the valve and its 
seat with fine emery flour and oil or with one of the 
grinding pastes now on the market. Grind by 


turning the valve back and forth on its seat until 
both valve and seat show a bright ring 1/32’ wide 
all the way around. 


Be careful to clean out all traces of abrasive material befo~e 
replacing valve. After grinding valves, it will usually be 
found necessary to readjust the push rods to compensate for 
the wear. For Buick ignition timing see the Index. 


THE TIMING GEARS; FRONT END DRIVE SYSTEM BY GEARS 


The cam shaft can be driven by gears or a silent 
chain. This subject relates to a gear driven front 
end system. 


Since the position of the cam shaft is always the 
same with reference to the pistons (because the cam 
shaft is always in mesh with the crank-shaft gear), 
and since the cams are all integral parts of the shaft, 
the valve timing cannot change. If the gears are 
ever removed, they may be put back in the proper 
position by seeing that the marks on the edges of the 
teeth “dovetail” together. 


If you find that the marked teeth do not come 
together, do not jump at. the conclusion that the 
gears are improperly set, but first verify the setting 
by checking the timing of the valves with the marks 
on the flywheel. 


If the timing of the valves of an engine is not cor- 
rect, it 1s then necessary to re-mesh or re-set the 
timing gears. It will be necessary to place the 
piston of No. 1 eylinder at top of its stroke. Then 
remove the gear cover and turn the crank until the 
“WX. C” (exhaust closing mark of cylinder No. 1) 
is in line with the center mark on the cylinder (in 
rear). 

Note. On engines with unit power plants instead of the 
center line being on the cylinder, a small hole at the top of 
the flywheel case is provided so that the line and figures on 


the flywheel can be seen through the hole. See Index for Con- 
tinental engine, showtng location. 


Now remove the cam gear from its shaft and 
turn the cam shaft in its direction of rotation (it is 
the opposite of the direction of rotation of the crank 
shaft), until the exhaust valve on cylinder No. 1 is 
just closing; keep the cam shaft in this position; 
replace the large cam gear on the end of the cam 
shaft, properly meshing it with the gear on the 
erank shaft. 


There are usually punch marks stamped on the 
gear teeth, as shown in Fig. 32. On some engines, 
figures are stamped on the gear teeth, as in Fig. B13) 
and, in some instances, a letter ““O” or “C.” These 


MARKS LINED uP 


CRANKSHAFT 
CEAR 


Fig. 32. Note the crank-shaft gear mark which meshes with 
the cam-shaft gear mark. On the left side a mark on the cam 
shaft is meshed with a mark on the gear which drives a mag- 
neto and which must be timed the same as the cam shaft. 

he magneto, however, is usually timed or set by loosening its 
coupling from the shaft with which it connects. See Index 
under “Setting the magneto.” 


marks are stamped between the two teeth of one 
gear and in the center of a tooth in the other gear, 
both of which should be carefully noted when mesh- 
ing the gears. At this point the valves are supposed. 
to be correctly timed. 


Fig. 33. Note the meshing of the crank-shaft gear mark (1) 
between the two teeth on the cam-shaft gear mark (1). Also 
observe that in this instance (Overland model 85), there is an 
idler gear interposed between the crank-shaft gear and the 
gear which drives the ignition timer. This idler gear runs free 
and is used to obtain a correct ratio and to drive the timer 
shaft. It must be meshed as shown when the ignition timer 
is in proper position, as will be explained under “Tenition 
timing.” 


Example of Setting the Cam Gear on the 
Reo Models **T 6” and ‘*U 6” 


The illustration (Fig. 34) shows the timing gears 
(with cover removed) and the relation which they 
bear to one another. 


LARGE CAM G 
60 TEETH) mas 


PUMP AND GENERATOR 
DRIVE GEAR (30 TEETH) 


SMALL 
CAM GEAR 
(30 TEETH) 


- Fig. 384. Gears on the front of the Reo model “T6” and 
U6” engine. 


The small cam gear (usually termed “crank-shaft 
gear”) is keyed to the crank shaft and revolves 
with it. This gear has 30 teeth. 


The large cam gear is fastened rigidly to the cam 
shaft by four studs (S) and lock nuts. This gear 
has 60 teeth and, therefore, revolves just half as 
fast as the crank-shaft gear and in the opposite 
direction. 

The pump and generator-drive gear has 30 teeth 
and is driven through the idler gear at the crank. 
shaft speed, but in the opposite direction to that of 
the small cam gear. One of the studs is marked 
with a center punch so as to insure correct replace- 
ment, should the gear for any reason be removed. 


The teeth of the large cam gear and the one on the 
crank shaft are also given center punch marks for 
meshing reference. These markings should dovetail, 
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The teeth of the idler gear and the one driving 
the water pump and generator are not marked, and 
can be meshed at any point. 


if the timing gears are assembled as described 
above, the timing must be correct. 


In case a new gear is assembled on the engine, 
the following may be of some assistance in obtaining 
the correct timing or setting: 


_ Cam gear setting: The fly wheel on this engine 
is of such diameter as to require its turning through 
an angle of approximately seven degrees to produce 
a one-inch movement of its face with respect to 
some fixed point. 


Now, since the error in cam setting must not 
exceed one half-inch, this movement is equivalent 
to 314° movement of the flywheel or crank shaft. 


If, for any reason, the valve closing is not within 
this limit, the setting may be corrected in the follow- 
ing manner: 


The large or 60-tooth cam gear (and with it, of 
course, the cam shaft) would move 6°, or 360 
divided by 60, if shifted one tooth; this is the equiv- 
alent of 12° on the fly wheel or crank shaft, since, 
it will be remembered, the gear on the crank shaft 
has but 30 teeth. 


if one inch on the flywheel is equivalent to 7°, 
12° would represent approximately a 134’’ move- 
ment of the flywheel. 


If the cam openings were off two inches on the 
fly wheel, it would be a simple matter to change 
the meshing of the cam gear one tooth in the direc- 
tion required, and to have an error of Yy", which 
would be within the 14” limit. 


If, however, the error of the cam shaft was but 
1’, it would be impossible to get nearer than 34" by 
shifting this gear one tooth, which is 14” in excess 
of the limit desired. Means must, therefore, be 
provided for shifting the gear a fraction of a tooth, 
or, in other words, a fraction of 6°. 


For example, if the gear had 54 teeth instead of 
60 teeth, this could be accomplished by removing 
the gear from the shaft and shifting the former one 
quarter-turn; 54/4 equals 131%, which would, in 
effect, be the same as shifting one half-tooth. In 
order to obtain a shift of one half-tooth (3°) with a 
gear of 60 teeth, two of the four studs which hold 
the cam gear to the cam shaft are placed 3° off of 
the 90° center lines and three of the holes in the cam- 
gear flange are slotted, the fourth being a tight fit 
over the stud. 


Therefore, if the gear is taken off and shifted 87° 
or 93°, the effect is the same as changing the meshing 
of the gear one half-tooth. We shall have changed 
the relative position of the gear teeth to the cam 
shaft just 3°, this being equivalent to 6° on the fly- 
wheel, or approximately 1”. This arrangement 
gives this engine a means whereby the greatest varia- 
tion in cam-shaft setting may never exceed Va". 


Valve Timing of Reo 


The fly wheel of the engine has upon its face the marks: 
“U_D.C.1 & 6,”’ meaning upper dead center, cylinders 1 and 6; 
“INTAKE OPEN 1 & 6,” meaning that the intake valve in 
No. 1 or No. 6 cylinder commences to open, “SPARK,” mean- 
ing that a spark should take place in No. 1 or No. 6 cylinder 
with the spark fully retarded. : 


These markings on the face of the fly wheel register with the 
top of the right-hand motor support. The spark occurs 114 
late at full retard. The intake valve opens at the upper dead- 
center point. Since the eranks for cylinders Nos. 1 and 6 are 
on the same side of the center, it will be understood that the 
marks which serve for cylinder No. 1 also apply to No. 6, 


To check valve setting: First screw out the spark plug from 
each cylinder, thereby relieving compression and permitting 
the engine to be turned over easily. Selecting No. 1 cylinder 
(it being the most convenient), crank the engine slowly with the 
hand crank until the inlet valve for this particular cylinder just 
commences to open. ‘This can be determined by placing a piece 
of fine tissue paper between the inlet valve stem and its lever. 
When there is just sufficient pressure of the lever on the valve 
stem to prevent withdrawal of the paper, the inlet valve is 
commencing to open, At this moment the marking “INLET 
OPENS 1 & 6” on the face of the flywheel should not be more 
than 1%” either way from the top of the right-hand engine 
support. Before checking the valve setting, it is important 
that all backlash of the valve tappets be removed. 


Tf one cylinder checks, it will not be necessary to check the 
valves in the other eylinders, as the cam shaft is accurately 
ground and the cams are in correct relation to one another. 


Relation of Valve Clearance and Valve Timing, 
and Meshing of the Timing Gears 


_ After your engine has been overhauled a few 
times the cam-shaft gear will have developed a dozen 
or more meshing marks. Hach workman will have 
added a few marks that: may or may not be right 
and changed a few that were right, until finally it 
is hopeless to match any of them. 


This need not seriously inconvenience you, for if 
you understand valve timing, you can forget the gear 
marks and work entirely from the fly-wheel marks. 


A “trammel” is a stationary starting point from 
which to base all your work (see Fig. 20, page 66). 
The trammel generally is directly over or in 
front of the flywheel, but may be located elsewhere 
if some careless workman has removed your fly- 
wheel and replaced it in a different position (flange 
connection, or a new flywheei with the key in the 
wrong place). The trammel should be shifted until 
it registers properly when the cylinder indicated is at 
top center. 


Check up the top center mark by,making sure that 
the piston in the cylinder indicated is exactly at top 
center and that’ the trammel registers exactly in line. 


Now that you are certain of the trammel, move 
the flywheel in the direction in which it should 
travel (generally counter-clockwise, if flywheel is 
between you and the cylinders) until the marks 
I. O. (intake opening) No. 1 and No.4 register with 
the trammel. Leave the flywheel alone now, and 
turn the cam shaft until the nose of the inlet cam on 
No. 1 cylinder is down. Adjust the air-gap (valve- 
stem clearance) for post-card distance. Turm the 
cam shaft in the direction of its travel until the air- 
gap is gone and any further movement would start 
to lift the valves. Put on the cam-shaft gear, being 
careful not to move either the cam shaft or the 
crank shaft. Have the gear key in place, but do 
not permanently fasten the gear yet. 


Turn the fly wheel in its proper direction and 
check up the intake closing. If both opening and 
closing of this valve are right, it means that the cam 
shaft and air gap are correct, and the gear can be 
permanently fastened. 


If the valve opens on time but closes at the wrong 
time, it means that both the cam shaft and air gap 
are wrong. If the valve closes too soon, the air 
gap is too large and does not hold the valve open 
long enough. If the valve closes late, the air gap 
is too small and holds the valve open too long. 


Make a mark with a lead pencil or with chalk on 
the fly wheel, midway between the actual closing 
and the proper closing. Turn the flywheel to this 
new mark and adjust the tappet to correspond. 
The tappet must be just barely in contact with the 
valve stem. The air gap is now O. K., but the cam 
shaft is still out of time. 
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Turn the fly wheel back to the opening mark and 
remove the gear. Turn the cam shaft until the air 
gap is gone, replace the gear and check up the clos- 
ing. The cam shaft and air gap are now correct 
and the remaining tappets are adjusted after regis- 
tering each mark with the trammel. Do not use 
a sheet of paper or post card to measure with. Turn 
the fly wheel and adjust each tappet by the fly- 
wheel marks. 

If the valve opens a certain number of degrees 
early and closes the same number of degrees late, 
the cam shaft is right but the air gap is wrong. 


If a valve opens a certain number of degrees early 
and closes the same number of degrees early, the 
air gap is right but the cam shaft is wrong. 


Make a habit of checking up this air gap occa- 
sionally with the flywheel marks. 


After the valves have been ground or new valves 
put in—check up. Don’t let your engine over- 
heat or lose power through the fault of the air gap. 


It will be observed that valve clearance, referred 
to above as “air-gap,” is a very important adjust- 
ment. 


SILENT CHAIN FRONT END DRIVE SYSTEM 


Where silent chains and sprockets are used instead 
of gears, the procedure is similar. Note, however, 


that the cam shaft revolves in the same direction 
as the crank shaft. 


Fig. 35. Cam-shaft gear on the Studebaker ‘“EJ’’ driven by 
asilent chain. Note that the chain has an exterior adjustment. 


To set the cam shaft if silent chain has been 
removed: Fig. 35 shows one silent chain driving the 
cam shaft and generator in a Studebaker model 
“WJ” six-cylinder engine. If the engine was a four- 
cylinder engine, cylinders 1 and 4 would be up 
together, whereas with a six-cylinder engine, cylin- 
ders 1 and 6 are up at the same time. 

Procedure: Crank the engine until cylinders 1 
and 6 are on upper dead center of compression 
stroke by getting marks “UP-D-C 1-6” on the fly 
wheel ‘opposite pointer, on the rear of the starter 
housing. With the crank shaft in this position turn 
the cam-shaft sprocket until the punch mark on the 
cam gear will be directly between the two punch 
marks on the teeth of the crank-shaft gear (Fig. 35). 
Replace the chain, being careful to see that the cam 
shaft or crank shaft are not moved. 


It is not necessary to set the accessory shaft 
sprocket which drives the pump, generator, and igni- 
tion unit (the sprocket on the left side marked 
“shaft”). The ignition unit can be set by moving it 
onitsownshaft. See Index under “Ignition timing.” 

Silent chains will stretch, especially when new, 
or after a few thousand miles or so of running, and 
will likely cause a noise by striking the bottom of 
the chain housing. 


Adjustment can be made by moving the generator. 
There are three bolts holding the generator. They 
are to be loosened and the chain-adjusting screw 
given a turn or so, moving generator out, thus 
tightening chain. This movement usually allows 
about 1/16’ movement of the generator sprocket. 
Be sure and tighten all bolts and nuts. 


Too tight a chain adjustment will cause “singin fag 
as aye! as undue wear on one side of the bearing, 


TURNING THIS MOVES THE 

ECCENTRIC TO SECURE 

CHAIN TENSION 
ADJUSTMENT 


SLOTTED HOLES TO 
ADJUST GENERATOR 
CHAIN TENSION 


Fig. 36. An example of two silent chains with two adjust- 
ments for slack. (King.) 


To set the cam shaft on an engine using two silent 
chains (Fig. 36) the procedure is similar, except that 
the chain driving the generator is not considered. 


Note in Fig. 36 that the crank-shaft gear (lower) 
drives the large cam-shaft gear and also a double 
sprocket from which another chain drives the 
generator. 


To adjust the cam-shaft chain an eccentric shaft 
is provided. 


To adjust the generator chain, the generator is 
moved as shown in Fig. 36. If a chain is adjusted 
too tight, it will hum or sing at high speeds. If the 
chain should stretch to such an extent that no more 
adjustment is available, then either install a hunt- 
ing or off-set link section, or a new chain, if badly 
worn. See Index under “Silent chains.” 

In re-timing, or any other operation requiring the removal 


of the chain, be sure that the chain is replaced so that it runs 
in the direction indicated by the arrows on the sides of the links. 


_ Note. In order to reach the silent chain and cam sprockets, 
it is usually necessary to remove the radiator, starting crank 
stud, fan, fan pulley, and gear-housing cover. When repla- 
cing, be sure the gasket of the housing is in good condition. 


Should it be necessary to remove the cam-shaft sprocket from 
the shaft, see that it is replaced in the exact position in which 
it was when it came off. On most gears and sprockets there 
are ae provided for a “gear puller’? which is used to draw 
gears off. 


Hupmobile Valve Timing 


When timing this engine, reference to the marks 
on the gears should not be made, because they have 
no bearing on the engine timing. The appearance 
of the chain with the front cover removed is shown 
in Fig. 37. 


There are two timing methods. The first is as 
follows: turn the engine over until the marks “n= 
take Opening” on the fly wheel line up correctly 
with the line on the housing; turn the cam-shaft 
gear until the intake cam is just beginning to lift. the 
intake valve of No. 1 cylinder; place the chain in 
proper position and allow just a little slack. 
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Fig. 37. Hupmobile front end drive system. Adjustment 
of slack in chain is taken up by loosening bolts (B) and (C) and 
sliding the generator to one side, at the top (B). 


The second method is as follows: remove the 
cylinder head so that it will be possible for you to 
measure the distance of the piston travel. Turn 
the piston of No. 1 cylinder 5/16’ past top dead 
center on the intake stroke, which is, of course, 
when the piston is traveling downward. Turn the 
cam shaft so that the intake valve is just ready to 
open; then place the chain in its proper position. 

In order to place the chain on the gears it may be necessary 


to loosen the rear engine bolt. Place a jack under the bottom 
of the oil pan near the front and raise the engine slightly. 


Remarks on Front-End Drive Methods 


Cars using silent chain front-end drive are the 
Ambassador, Ace, Ogren, Revere, Haynes, Jordan, 
Moon, Saxon, Brewster, Cadillac, Chalmers, Chand- 
ler, Cleveland, Hupmobile, King, LaFayette, Lin- 

_coln, Meteor, Mercer, National, Packard, R & V 
Knight, Stearns-Knight, Studebaker (one model), 
Templar, Willys-Knight, Winton. 

Virtually all the other cars use the helical-gear 
front-end drive. Where the gear-type front-end 
drive is used, alternate gears are of different metals, 
such as iron and steel, and also of compressed cotton. 
The majority of gears are steel against cast iron, as 
this has been found to reduce “resonance.” 

Where both gears are of cast iron, or both of steel, 
the gears are prone to eran Bae 

Duralumin, which can be forged, is used for gears 
in the Continental and Marmon engines. 

A Fabroil gear, which is a specially compressed, 
spirally wound cotton type of gear, made by the 
General Electric Co., is used on Buick, Paige, Wills- 
Saint Claire, and DuPont cars. 

Where silent chains are used, it must be possible 
to reduce the length of the chain by degrees one full 
link, after which a link can be removed from the 
chain and the adjustment let out again. This gives 
unlimited adjustment. On those cars not provided 
with chain adjustments, it is, however, always best 
to renew a chain entirely if it is worn. The adjust- 
ment must also be accessible, so that it can be 
easily made when required. ; 

There are several types of chains used and dif- 
ferent methods of securing adjustment, as follows: 


1. Movable idler. 


. Movable sprocket (Figs. 35, 36, 37). 
. Kecentric adjustment (Fig. 36). 
. Double adjustment. 
. Automatic idlers (Fig. 38). 
The movable idler is used for adjustment or to 
take up chain whip. 

The movable sprocket for adjustment is used on 
one of the shafts where it can be moved in or out 
without destroying any alignments or adjustments. 
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Fig. 38. A front-end drive system used on the model ‘75’ 
Haynes. An automatic take-up for slack in the chain is pro- 
vided. The cam gear operates the cam shaft, which operates 
the inclined valves.. 


The subject of silent chains is also dealt with 
elsewhere; see Index under “Silent chains.” 


Average Valve Timing 


_ There is very little difference between the average 
timing of the four and the six-cylinder engine. 

On the six, the average inlet opening is 10.7° 
past top center and the closing point 37.6° past 
bottom center. 

On the four, the average for the inlet opening is 
11.1° after top center, and the closing point is 36.8° 
after bottom center. The small difference would 
hardly be noticeable. 

The exhaust on the average six opens 46° before 
bottom center and on the four at 46.3°. The clos- 
ing point of sixes averages 7° after top, and on the 
FOULS Miaiine 


Fig. 39 


On an average engine, therefore, the inlet would open 11.5° 
after top and: close 37.3° after bottom. The exhaust would 
open 46° before bottom and close 6.5° after top. 

The illustration (Fig. 39) is a typical diagram of valve timing 
with the timing designated in degrees. When reading such 
diagrams, imagine the circle being the rear of a fly wheel, which 
revolves to the left. The light shading represents the period 
of travel when the inlet valve is open, or 205.8°. The dark 
shading represents the period of travel when the exhaust valve 
is open, or 232.5° 

See also Index under “Valve timing” for the valve timing of 
engines on leading makes of cars; and under “Valve clearance’” 
and ‘Diameter of valves.” 
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FIRING ORDERS: One, Two, Three, and Four-Cylinder Engines 


Firing Order of One and Two-Cylinder 
Engines 


There are four strokes to two revolutions of the 
crank shaft to complete a cycle operation, as 
explained on page 32. 


A stroke of the piston means a travel from top to 
bottom, or from bottom to top, or 180° movement, 
or one-half of a revolution of the crank shaft. (This 
is not strictly true when offset cylinders are used.) 


There are four strokes of 180° on all four-cycle 
engines; therefore there would be two revolutions 
of 3860~each, or 720° travel of the crank. 


There is but one power stroke (firing impulse) 
during the four strokes, or two revolutions of the 
crank shaft. Note, also, that the power stroke is 
a very short one, owing to the fact that the exhaust 
valve starts to open a considerable time before the 
piston reaches the bottom of its stroke. If the 
exhaust valve should open 46° before bottom, then 
the travel on the power stroke would be but 134° 
instead of 180°. 


Therefore, if there is but one power stroke to two 
revolutions of the crank shaft (720° travel of crank 
shaft), we should have only 134° out of the two 
revolutions, or 720° on which there is power. 


Rie, t Fig. 2 


_ Fig, 1. One-cylinder engine with a 360° crank shaft. Fir- 
ing impulse every two revolutions; see diagram below. 


Fig. 2 


re 2. Two-cylinder vertical engine with a 360° crank 
shaft. i 


Firing impulse every revolution. 
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Fig. 1 shows a single-cylinder engine. There is 
one explosion during every two revolutions of the 
crank shaft, or, in other words, there is one stroke 
of the piston when power is being developed, and 
three when there is no power, the piston then being 
moved by the momentum of the fly wheel. 


As the piston must be carried through the three 
dead _ strokes, it is necessary to use a heavy fly 
wheel, so that when it is started, it will continue to 
revolve for a sufficient time to move the piston until 
the next power stroke. 


There is vibration from a one-cylinder engine on 
this account, for the weight of the piston sliding first, 
one way and then the other has nothing to balance it. 


It can be balanced to some extent by attaching a 
weight called a “counter-balance,” to the crank 
shaft opposite to the crank pin, in the same manner 
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that the wheels of a locomotive are balanced, but 
even then there is vibration owing to the power 
stroke at uneven intervals. 


Note. In the two small diagrams under the illustrations, 
P means power stroke; S, suction; C, compression; E, exhaust. 
The “firing impulse,” is the time at which combustion takes 
place at the beginning of the power stroke. 


Fig. 2 shows a two-cylinder vertical engine with 
a 360° crank shaft. If the piston of No. 1 cylinder 
is on power (P), No. 2 would be on suction (S)—see 
diagram. Therefore we should get an even firing 
impulse, or one during each revolution. But as 
both pistons are moving together, there would be 
considerable vibration, as both are on top or bottom 
at the same time. Counter-weights are also used 
on the crank shaft of this type of engine in order to 
counter-balance. (Seldom used.) 


Fig. 3 shows a two-cylinder vertical engine with a 
180° crank shaft. There are two firing orders of 
this engine, each of which would cause vibration. 
Refer to diagrams. In the first, if No. 1 is on power 
(P), No. 2 would be coming up on compression (C), 
and would fire next. Therefore, there would be two 
firing or power impulses during one revolution, and 
on the second revolution there would be no firing 
impulse at all. With the other order of firing, if 
No. 1 was on power (P), No. 2 would be coming 
up on exhaust (E). The crank would therefore 
travel 540°, or 114 revolutions with but one firing . 


impulse. 
Fig. 3 Fig. 4 
Fig. 3. Two-cylinder vertical engine with a 180° crank 


shaft. Two different firing orders—see diagram below. 
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_ Two-eylinder opposed type engine with 180° erank 
Firing impulse every revolution, Mechanically bal- 
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In the two-cylinder type of engine with cylinders 
opposite and the crank shaft set 180° (Fig. 4), one 
piston slides inward as the other slides inward so. 
that one balances the other. This type of engine 
is called an “opposed” type of engine. Cylinders 
are set 180° apart, and so also is the crank shaft. 
When one piston starts down on the power stroke 
the other starts down on suction. Therefore, ag 
shown in the diagram under Fig. 4, there would be a 
firing impulse at each revolution of the crank shaft 
or every 360°. Thus it is mechanically balanced, 
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The fly wheel of a two-cylinder engine need not 
be as heavy as that of an engine with one cylinder 
because it is required to carry the piston through 
only one dead stroke before another power stroke 
oceurs, On 6, 8, and 12-cylinder engines, the fly 
wheel is very small in diameter. 


The more cylinders an engine has, the more 
steadily it may run, for the explosions may be 
arranged to follow one another so closely that there 
is no moment when one of the pistons is not on the 
power stroke. This is termed “lapping” of power 
strokes. 


Firing Order of a Three-Cylinder Engine 


The three-cylinder engine fires 1, 3, 2 from the 
front of the engine, or 1, 2, 3 if from the rear. 


_ The action of the firing of a three-cylinder engine 
is as follows: Taking three points of the circle, A at 
the top, B and C on either side below, the piston of 
No. 1 cylinder is connected with a-crank at A, of No. 
2 cylinder at B, and of No. 3 cylinder at C. 


Fig. 5. A three-cylinder engine crank set in three poritious 
of a third of a revolution, or 120° apart. 


No. 1 cylinder will be at full compression, No. 2 cylinder at 
two-thirds inlet, and No. 3 cylinder one-third, exhaust 240°. 


The crank of No. 1 cylinder performs its half revolution, 
bringing it to position A’ (Fig. 5A); while it is doing this, No. 
2 cylinder is completing its inlet stroke and two-thirds of its 
compression stroke, and the crank is passed on to position B’, 
leaving only one-third of a stroke to complete compression and 
to bring the crank to A, when the firing of B commences. 


Meanwhile, C is completing its exhaust and inlet strokes, 
and has passed through two-thirds of its compression stroke, so 
that when No. 2 cylinder has completed its impulse, No. 3 has 
but to be carried over the small gap by the fly wheel, which 
gap represents the minus lap. 


Each of the three cylinders fire once every 720° (two revolu- 
tions), or 240° apart. No. 1 (A) fires and moves 240°, which 
brings No. 2 (B) in firing position. No. 2 (B) fires and moves 
240°, which brings No. 3 (C) in firing position. No. 3 (C) fires 
and moves 240°, which again brings No. 1 (A) in firing position. 


No. 1 (A) has now made two revolutions or 720° which 
completes the four-cycle evolution. 


The working, or power stroke is 134°; 240° less 134° equals 
106°, during which time no work is being done, that is, the fly 
wheel carries the crank 106°. 


Firing Order of a Four-Cylinder Engine 


Four-cylinder engines are so arranged that there 
is a power or firing impulse every stroke, or two 
firing impulses every revolution, one beginning as 
the previous one ends. 


In order to complete the four-cycle evolution of 
suction, compression, explosion, and exhaust for 
each piston, it is necessary that each piston have 
four strokes. As 1 and 4 work together and 2 and 3 
work together, then during the four strokes (two 
up and two down), there are two revolutions of the 
erank shaft which will complete the cycle evolution 
for each piston, with a firing order of either 1, 2, 4, 
3, or 1, 3, 4, 2 


The crank shaft of a four-cylinder four-cycle 
engine is always set at 180°. 


Fig. 6. Wour-cylinder engine, with crank shaft set at 180°. 
Power stroke every half revolution, or stroke of piston. 


The construction of the crank shaft which is 
generally used on four-cylinder engines is shown in 
Fig. 6. This crank shaft would not permit the 
firing to be 1, 2, 3, 4, because, when No. 2 was ready 
to go down on the power stroke, No. 3 would have 
to be coming up on compression, but as No. 3 is 
always the same position as No. 2, then it could not 
be coming up, as it would already be up with No. 2. 
It follows, then, that the firing order must then be 
as given above: 1, 2, 4, 3, or 1, 3, 4, 2. 


Fig. 7. Type of crank shaft which would permit a four- 
cylinder engine to fire 1, 2, 3, 4, but which is never used. 


A four-cylinder engine which could be made to 
fire 1, 2, 3, 4, would have a crank shaft made as 
shown in Fig. 7, but it would vibrate excessively on 
account of the rocking motion of firing from one 
end to the other. Therefore the firing order on all 
engines is arranged to decrease vibration as much 
as possible. The alternate distribution of impulse 
(firing) tends to steady the engine, as in the sequence 
1, By 4h By Ge ah, By Sy Ze 


Cylinders are originally made to fire in proper order 
by the manufacturer, by setting the cams on the cam 
shaft and by wiring the distributor to connect with the 
proper spark plugs. The order of firing depends on 
the ideas of the maker, and may be either, 1, 2, 4, 3, or 


1, 3, 4, 2, on a four-cylinder engine. 


The eight “V-type of cylinder engine uses a four- 
cylinder 180° crank shaft with two connecting rods to 
one crank pin. 

The twin six or twelve “V-type engine uses a regular 
six-cylinder crank shaft. This will be treated farther 
on, together with the firing order. 


Relation of One Piston to the Other 


On a four-cylinder engine, as already stated, the 
firing order must be 1, 2, 4, 3, or 1, 3, 4, 2. 


The following explanation and charts will make clear 
just what action is taking place in cylinders when the 
engine is firing in the order 1, 2, 4, 3, or 1, 3, 4, 2. 


If piston No. 1 is going down, say, on power, No. 2 
must be coming up on either compression or exhaust. 
If coming up on compression it would fire next. No.3 
would then be coming up on exhaust and No. 4 going 
down on suction. In this case, the firing order 
would be 1, 2, 4, 3. (See chart No. 1, showing firing 
order 1, 2, 4, 3.) 
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If No. 1 was going down on power and No. 2 coming 
up on exhaust, then No. 3 would be coming up on com- 
pression and would fire next. In this case, the firing 
order would be 1, 3, 4,2. (See chart No. 2, showing 
firing order 1, 3, 4, 2.) 

Remember, the two down strokes are suction and 
power. The two up strokes are compression and 
exhaust. Hach piston must be doing one of the four, 
during each of the four strokes or two revolutions. 

The change of firing is accomplished by the move- 
ment of cams on the cam shaft, the cams on cylinders 
Nos. 2 and 3, being the only two affected. A study of 
charts No. 1 and No. 2, which represent a four- 
cylinder engine firing 1, 2, 4, 3, and 1, 3, 4, 2, will 
give the reader an idea as to what is taking place in 
each cylinder during the four strokes. 


Relation of the Cam Movement to Crank Shaft 


As we haveseen, the only two firing orders that a four- 
cylinder engine can have is 1, 2, 4, 3,00 1,3,)4, 20° To 
change from one to the other would necessitate chang- 
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Chart No. 2. Firing order 1, 3, 4, 2. 

ing the cams operating the valves on cylinders 2 and 3, 
which of course would necessitate putting in different 
cam shafts, 


Fig. 8 below gives a good illustration of the position 
of the cams in relation to the two firing orders. 


The lower row of cams shows the position of the 
cams on the cam shaft when the engine is firing 1,2, 4,3 
and No. 1 piston is ready to start down on the power 
or firing stroke. 


The upper row of cams shows the position of the 
cams on the cam shaft, when the engine is firing 1, 3, 4, 


2 and No. 1 piston is ready to start down on the power 
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sents a half-revolution of the crank shaft. 
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POSITION 


‘ ) i s to pistons when No. 1 piston is just starting down on power strok 
of cams is shown with a firing order 1, 3, 4, 2 (upper row), and 1, 2, 4, 3 (lower row of care) The fie 
cams correspond with those on the cams in Fig. 10, page 33. ; 


crank shaft, the cams travel 90 degrees or a 4 revolution, 
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Approximate position 
The figures in the center of the 


At each stroke of the piston, or one half-revolution of the 
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HOW TO DETERMINE THE FIRING ORDER OF A FOUR-CYLINDER ENGINE 


Fig. 9 shows how the cam shaft with its cams is driven 
by a silent chain sprocket. Also note the mark on the 
fly wheel which is in line with the punch mark on the 
crank case, when pistons 1 and 4 are on upper dead 
center. Pistons 2.and 38 are on lower dead center. 
The setting of the valves and of the gears is determined 
when the pistons are in this position. 


N.2 Exhaust Valve Closed 
No.2 Intake Valve Le 


Intake Stroke 
No.1 Intake Valve Closed 
N.| Exhaust Valve Closed 
Compression Stroke 
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Crank Shaft 
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the No. 4 exhaust valve tappet in the direction of its 
rotation), and the inlet will open immediately as the 
piston starts down. 


To determine the firing order: If No. 2 will come 
up on compression as No. 1 piston goes down, and 
if the power stroke follows immediately after the 
compression stroke, then No. 2 will fire next. There- 
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For example: The exhaust valve on No. 1 cylinder 
closes at 10° past upper dead center. Therefore, as 
the piston of No. 1 cylinder is now on top dead center, 
the fly wheel must be revolved in the direction of rota- 
tion, 10° from upper dead center. At this point the 
exhaust valve of No. 1 cylinder should just close. This 
is sufficient, as all other valves will be timed to open 
and close at the correct time, since this is an “‘L’’-head 
cylinder block with all valves on one side and all cams 
on one cam shaft. Note that the detachable cylinder 
head has been removed. 


If the exhaust does not close at 10° past dead center, 
then it is either because the clearance of the exhaust 
valve tappet is set too close and holds the valve open 
too long, or the cam-shaft gear is not meshed properly. 


The firing order of this engine can be determined by 
observing the position of the pistons and valves: The 
exhaust and inlet of No. 1 are closed; the piston of 
No. 1 cylinder is at the top of compression and will go 
down on power stroke. The piston of No. 2 cylinder 
is at the bottom of its intake stroke and will come up 
on compression; the inlet valve is still open and the 
exhaust closed. The piston of No. 3 cylinder is at the 
bottom of its stroke and will come up on the exhaust 
stroke; the exhaust valve is open and the intake valve 
is closed. The piston of No. 4 cylinder is at the top 
of its exhaust stroke and will go down on suction; 
the exhaust valve will close within a 10° movement of 
the crank shaft (note the exhaust cam just leaving 


fore the firing order must be 1, 2, 4, 3. The only 
other firing order it could possibly have would be 
1, 3, 4, 2—but this would be impossible because 
No. 3’s exhaust valve is open and it will come up on 
the exhaust, and after the exhaust comes suction. 
No. 3 has just fired, therefore No. 1 will fire next. 


How to determine quickly the firing order of a four- 
cylinder engine': When the nose of the first and 
third cam (inlet or exhaust) are on opposite sides of a 
shaft, the engine fires I, 2, 4, 3. When the first 
and third cams are on the same side of the shaft, the 
firing order is 1, 3, 4, 2. 

Note. The cam shaft is operated by a silent chain and 
sprocket which turns in the same direction as the erank shaft. 
The crank shaft turns twice while the cam shaft turns once. 

The cams in Fig. 8, page 78, are made to open and close 
exactly on a full stroke of the piston, or 180° movement of 
the crank, which is unusual in actual practice. 

On the engine in Fig. 9, the cams are set as in actual practice. 
For instance, the valves open and close as follows: Exhaust 
closes 10° after top. Inlet opens 6° after top. Exhaust opens 
50° before the piston is at bottom dead center. Inlet closes 
40° after bottom dead center, The bore of cylinders is 334” 
diameter and the stroke of piston is 414”. 

The make of the engine shown in Fig. 9 is the Golden Bel- 
knap and Swartz Co.’s model ‘E-M 31,” four-cylinder side- 
valve detachable head engine. Horse power 18 2216 at 935 
feet of piston speed per minute; produces 36.9 h. p. at 2,800 
r. p. m. on actual brake test and 31.9 h. p. at 2,000 r. p. m. 


eS 

1This applies to engines where the first valve is an exhaust 
valve, which is usually the case, as exhaust valves are place 
next +o the water jacket. On some early models of engines, 
the first valve was an inlet valve. 
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SIX, EIGHT, AND TWELVE-CYLINDER ENGINES: Firing Order 


? 


Rotary- 


Valve and Rotary-Cylinder Engines; Sleeve Valve Engine; 
Overhead Cam-Shaft Engine 


THE SIX-CYLINDER ENGINE 


In the six-cylinder engine, the variance in construc- 
tion from the four-cylinder engine is principally in the 
addition of more cylinders and the shape of the crank 
shaft. 
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Fig. 1. Six-cylinder unit power plant, valve side. Cylinders 


of the ‘‘L” type. Thus the valves are all on one side. 
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Tig. 2. Left side or carburetion side. The inlet pipe passes 
between the cylinders to the valve side. 


CAM GEAR 


Fig. 2 Fig. 4 
Fig. 3. 


{ Upper part of crank case supporting cam shaft and 
bearings. 


Fig. 4. Lower part of crank case or oil pan. 
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Fig. 5. Six-eylinder cam shaft. All cams on one shaft. 

a phe cylinders may be in “pairs,” in “triplets,” or 
‘in-block.” The six-cylinder engine shown in Figs. 
1 to 5 is the Haynes, and is a typical example of a “unit 
power plant.” The cylinders are “in-block” with all 
valves on one side. ‘This is, therefore, an “L”-head 
type cylinder block. The crank shaft shown in Fig. 8 
is a three-bearing crank shaft and the cam shaft 
(Fig. 5) has three bearings. 

The Pierce-Arrow six-cyli i i 54) i 

a “T’-head type i widens eee: he Gene 
are on the right side and the exhaust valves on the left side. 
There are two exhaust and two inlet valves for each cylinder 


on the Pierce-Arrow, and this is, therefore, a ‘‘dual’” valve 
engine. 
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The Locomobile six-cylinder engine is also a ‘‘T’’-head type, 
but with cylinders in pairs. The inlet valves are on the left 
side and the exhaust valves on the right side. 


The Haynes, Locomobile, and almost all other six-cylinder 
engines have but one inlet and one exhaust valve for each cylinder. 


Note. The right side of an engine or automobile is the side 
seen when seated in the car. That is why we designate the 
cylinders “‘right”’ and “‘left.”” The reverse is the case, of course, 
when facing the front of engine. 

The six-cylinder engine operates on the four-cycle 
principle, the same as the four-cylinder; in fact, the 
general principle is that the crank shaft must turn two 
revolutions during the cycle or four strokes. The cam 
shaft turns one revolution. 


Each piston completes the four strokes during two 
revolutions of the crank shaft. The crank shaft is 
divided into three pairs of “throws.” <A “throw” on 
a crank shaft is the part to which the big end of the 
connecting rod connects and is really the “crank pin.” 
Each pair of these crank shaft “throws” (1 and 6,3 
and 4, and 2 and 5) are placed 120° or one-third the 
distance of a circle apart. 


There are two kinds of six-cylinder crank shafts: 
left hand and right hand (see Figs. 7 and 8). The 
cylinders usually fire on a right-hand crank 1, 5, 3, 6, 
2, 4, while on a left-hand, the order is usually 1, 4, 2, 6, 
3, 5. There are four firing orders which will be ex- 
plained farther on. 
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The number of bearings for the six-cylinder crank 
shaft may be three, five, or seven. ‘Three or five bear- 
ings is the usual number. Fig. 7 shows a seven- 
bearing six-cylinder crank shaft which is unusual and 
Fig. 8, a three-bearing crank which is in general use. 


Carburetion: A six-cylinder engine usually requires 
special intake pipes and a double or multiple jet type 
of carburetor to meet the demand of the multiple of 
cylinders and the distance which the carburetitied gas 
must travel. 


The timing of six-cylinder valves is identical with 
that of the four. The process is gone through with 
in just the same manner. It is only necessary to time 
with the exhaust valve closing on the first cylinder on 
the “L” type, and with the exhaust valve closing on 
exhaust side and the inlet opening on inlet side on the 
“T”-head type. 


Fig. 8A. One method of balancing a six-cylinder crank shaft. 


Counter-balance weights are sometimes applied to 
a six-cylinder crank shaft to relieve the “whip” or 
vibration at high speeds. Fig. 8A above shows the 
counter-balance weights (CW) electrically welded to 
the crank-shaft arms. 

There are six power impulses or explosions during 
two revolutions of the crank shaft. 


Another type of six-cylinder engine is the engine used on 
the Rumpler, a German make of car. This engine uses three 
pairs of cylinders placed 60° apart. One pair of cylinders is 
set vertically over the crank shaft, and there is a pair of 
cylinders placed at an angle of 60° on each side. 


Firing Order of a Six-Cylinder “Right’’-Hand 
Crank 
The throws of a six-cylinder crank shaft are divided 
into three positions, or 120° apart. 
1 and 6 are always in line 
3 and 4 are always in line 


2 and 5 are always in line | 
They may be placed to the right or the left, as shown 


in Figs. 9 and 10. 
In Fig. 9, the first firing order is 1, 5, 3, 6, 2, 4 (it could 
also be 1, 2, 4, 6, 5, 3). 


Fig. 9, right-hand crank shaft, shows pistons 1 and 
6 up. If No. 1 starts down on “firing,” No. 5 would be 
coming up on compression, as it would fire next. No. 
3 would be 120° behind No. 5 and would fire next. No. 
6 being 120° behind No. 8, it would fire next, then No. 
2, then No. 4. 


For the second firing order (1, 2, 4, 6, 5, 3) start with 
No. 1, then 2, 4, 6, 5, and 3 (Fig. 9). 


Note. The view is from the front of the engine. Although 
the pistons are shown out of line, this is necessary in order for 
the reader to understand the relative positions, one to the other. 
When in eylinders, they are all in line and the connecting rods 
are out of line. 


Firing Order of a Six-Cylinder ‘“Left’’-Hand 
Crank 


In Fig. 10 first firing order is 1, 4, 2, 6, 3, 5 (it could 
be 1, 3, 5, 6, 4,2). If No. 1 starts down on firing, No. 4 
would fire next, then No. 2, then 6, 3, and 5 in their 
respective order. 


For the second firing order (1, 3, 5, 6, 4, 2), start 
with No. 1, then No. 3, 5, 6, 4 and 2 (Fig. 10). 


Relation of One Piston to the Others for Two 
Firing Orders of a Six-Cylinder Engine 


The chart below shows what action is taking place 
in the cylinders, when the engine is firing 1, 4, 2, 6, 3,.5 
(top row and Vig. 10), and when firing 1,5; 35-0) 2,4 
(second row of figures and Tig. 9). 


When 
No. 1 Piston is 


No. 4 Piston is 


No. 2 Piston is 


No. 6 Piston is 


No, 3 Piston is 


No. 5 Piston is 


When | 
No. 1 Piston is 


No. 5 Piston is 


No. 3 Piston is 


No. 6 Piston is 


No, 2 Piston is 


No. 4 Piston is 
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THE EIGHT-CYLINDER “V”-TYPE ENGINE 


The advantage of a multiple-cylinder engine is prin- 
cipally in the flexibility of control, by which is meant 
quick acceleration or quick pick up of the engine from 
slow to fast speed, the absence of gear shifting, and a 
more perfect control. The more cylinders firing or 
“lapping,” the more flexible the control, or in other 
words, the power impulses are more frequent. In fact, 
the more cylinders, the more the lapping of one firing 
impulse with another, or the more cylinders are on 
power stroke at the same time. Thus we obtain a 
more even torque, or steady stream of power impulses, 

The simplest arrangement of the eight cylinders 
would be all in line, just as the six or the four are 
arranged. But this would be impracticable, owing to 
the extreme length and also to the abnormally Jong 
crank shaft and the extra bearings which would be 
necessary, while the crank case for such an engine 
would be very heavy. To get around these difficulties 
the cylinders are arranged in two sets of four opposite 
to each other, at an angle of 90° in the form of amv? 

Note, The Lincoln and Wills St. Claire engines are at an 
angle of 60°. , 

Crank shaft: Arranged in this way (“V’’-type), the 
eight-cylinder engine is no longer than a four-cylinder 
one of equal bore. As compared with a six, it has about 
30 per cent less length, resulting in a shorter crank 
case—a,_ weight-reduction factor. In addition, its 
crank shaft is of the same form as that of a four, the 
throws being all in one plane; whereas those of a six 
crank shaft are in three planes,which is a more difficult 
manufacturing job, Furthermore, the shorter shaft is 
less given to periodic vibration. The cam shaft is also 
shorter and less prone to whipping. 


Let us next consider the cylinder and connecting-rod 
atrangement of the eight “V-type cylinder engine. 
Where the cylinders are “opposite,” this means the 
lower end of the connecting rod is “yoked.” The 
cylinders are in line with the opposite cylinders when 
looking from the side of the engine. 

Where the cylinders are “staggered,” this means 
that the lower ends of the connecting rods are not to- 
gether but are “side by side” on the same crank-shaft 
bearing. This naturally necessitates the cylinders on 
one side being placed a little to the side, or not exactly 
in line with the opposite cylinder when looking from 
the side of the engine. This arrangement is termed 
“staggered.” 

The cam shafts on the eight “‘V”-engine may be one 
or two. The majority use one cam shaft. The Cadillac 
uses a cam shaft with eight cams operating the sixteen 
valves, whereas some of the other eight “V-type 
engines use one cam shaft with sixteen cams (one for 
each valve). 


Example of an Eight-Cylinder “V"’_Type Engine 


As an example of an eight-cylinder engine and its 
construction, the Cadillac make is shown in the follow- 
ing illustrations. 


Although a later model Cadillac is somewhat differ- 
ent in minor construction details, the illustrations of 
the model given will furnish 
how a modern eight-cylinder engine is constructed. 

On the later model Cadillac, the engine is of the same bore 
and stroke as formerly: 3 48 bore by 514” stroke; piston dis- 
Cylinder heads are now detach- 


_ The front end of the Cadillac eight-cylinder engi e 
is Shown in Fig, 11, There are two groups of cylinders, 


90° to each other on an aluminum crank case. The 
cylinders are 314” bore and 514” stroke. The piston 
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Fig. 11. Front view of an eight-cylinder “V"’-type engine. 


displacement is 314 cubic inches; the horse-power 
rating is 31.25. In dynamometer tests the engine 
shows 70 h. p. at 2400 r. p.m. 


The crank shaft is identical in design with that used 
in a four-cylinder engine, and the cam shaft carries the 
Same number of cams as in a four-cylinder design. 
This engine weighs approximately 60 pounds less than 
the former four-cylinder Cadillac engine of equal horse- 
power. There is but one carburetor used. 


Each of the two cylinder castings contains four L- 
shaped cylinders with detachable heads. 


The exhaust valves are of the conventional poppet 
shape. The inlet valve on the early models (as shown 
in Fig. 11), was of the “tulip” shape. This is not now 
used. Over each cylinder is a removable cap which 
gives access to the water jacket and to the combustion 
chamber. Between the second and third cylinder in 
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The single cam shaft is located directly above the 
erank shaft, and the means whereby one cam operates 
Ce two intake valves for the opposite cylinders is 
shown. 


The valve operating mechanism is shown in Figs. 12 
and 12A. Note how one cam operates two opposite 
valves. The cam bears against the rollers (R) at the 
ends of the small arms which are pivoted to the plate 
above, and which are interposed between the ends of 
the push rods and the cams, so that the lift will be 
straight upward instead of having a side thrust. 


Adjustment of valve clearance is obtained in the 
usual way by lengthening the tappet (T). The upper 
part of the tappet screws into the lower and the two are 
locked by a nut. ‘The position of the cylinders makes 
the valves easily accessible. 
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Fig. 13. Note the silent chain of the engine front-end drive 
from crank shaft to cam shaft and generator shaft. In the 
later models of the Cadillac the distributor is not mounted on 
the generator housing, as shown, but is mounted behind the 
fan housing. 


Note the single cam shaft shown in Fig. 13. There 
are eight canis which operate the sixteen valves (eight 
inlet and eight exhaust valves). Each cam operates 
two valves through the rollers shown on opposite sides 
(Fig. 12A). The shaft is carried on five bearings. 


On another make of “V’’-type engine, there are two 
cam shafts. This permits the direct opening of valves 
without the rocker arms between cams and tappets, 


and also permits any desired timing. 


The front-end drive system is shown in Fig. 18. 
Note the two silent chains, one driving the cam shaft; 
the other is driven from the cam shaft which drives the 
Delco electric system. There are two water pumps on 
the cross-shaft below the crank shaft, and this shaft in 
turn drives the gear-type oil pump. The tire pump 
was formerly driven by a spur gear, as shown, but 1s 
now driven from the side of the transmission and is 
driven by a sliding gear. 

Crank shaft: A three-bearing crank shaft is used, 
with the throws at 180°, as in a four-cylinder design. 


Connecting rods are “yoked.” Two connecting rods 
attach to each crank pin, this being made possible by 
having one connecting rod with a split or forked lower 
end, and the other with a single end to fit between the 
forks; this is called the “yoked” design. 

Note how the two connecting rods are attached to 
one bearing in Fig. 14. The outer connecting, rod 
fastens to the outer ends of the split bushing with a 
two-bolt cap for each arm of the yoke. The bushing 


is fixed to this rod by pins. 


The other, or inner connecting rod goes between the 
two arms of "the yoke, as shown by the dotted outline. 
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This inner rod is free to move on the bushing. There- 
fore, the bearing for the yoke-end rod is the inner sur- 
face of the bushing against the shaft, while that of the 
inner rod is the outer surface of the bushing. 
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Fig. 15 


Lubrication: The oil pump draws the oil up from the 
reservoir and forces it through the pipe running along 
the inside of the crank case (Fig. 15). Leads run from 
this pipe to the crank-shaft main bearing and thence 
through drilled holes in the shaft and webs to the rod 
bearings. Italso is forced from the reservoir pipe up to 
the pressure valve, which maintains a uniform pressure 
above certain speeds, and then overflows from this 
valve to a pipe extending parallel with and above the 
cam shaft. Leads from this latter pipe carry the oil by 
gravity to the cam-shaft bearings and chains. Pistons, 
cylinders, etc., are lubricated by the overflow thrown 
from the rods. 
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for forcing the fuel is at the front of the engine. | 
two water pumps and two sets of water connections to the 
radiator. Carburetion and thermostat cooling are explained 
in the section on “Carburetion and Cooling.” 


Firing Order on an Fight-Cylinder ““V’’-Type 
Engine 
The firing order of an eight-cylinder “V-type 
engine is shown in Fig. ile 


On a “V-type engine (Fig. 17) the right and left 
block of cylinders is the right and left sides observed 
when seated in the car. Therefore cylinder 1L would 
mean No. 1 cylinder of the left block, beginning with 
the front of the engine; No. 4 cylinder would be the 
rear cylinder. 


The figures 1 to 8 at the side of each block represent 
the order in which the cylinders fire and do not refer 


“iy, 
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Figs17 


to cylinder numbers. Therefore note that No. 1L fires, 
first, then 2R, 3L, 1R, 4L, 3R, 2L, 4R. 


Relative position of pistons: By observing piston 
No. 1 (Fig. 17), which is now ready to start down on 
its power stroke, or just commencing its working stroke, 
just what is taking placein all other cylinders can be 


\ seen by referring to the following: 


1L: Just starting down on power stroke. 

2R: Going up on compression; it will fire next. 

3L: Just starting up on compression; it will fire after No. 2 

cylinder 2 R. 

1R: Going down on suction. 

4L: Just starting down on suction. 

3R: Going up on exhaust. 

2L: Just starting up on exhaust. 

4R: Going down on power. 

It will be observed that No.1 L and 4R will both be 
on power stroke; No. 2R and 3L on compression; No. 
1R and 41 on suction; No. 3R and 2L on exhaust, for 
a certain period of time, which is termed “lapping” of 
strokes. : : 


THE TWELVE-CYLINDER “V’-TYPE OR °“‘TWIN SIX”? ENGINE 


The twelve-cylinder engine is referred to in this 
instruction as either a “‘twelve-cylinder” or a “twin 
six.” Manufacturers use both terms. Literally, a 
twelve-cylinder engine would mean a type of engine 
having twelve cylinders placed in line on a crank shaft 
having twelve throws. 


The “twin six” or twelve-cylinder “V” engine term, 
to be exact, consists of two sets of six cylinders placed 
at an angle of 60° over a regular six-cylinder crank 
shaft with six “throws” of the crank. 


Note. The Liberty engine cylinders are at an angle of 45°. 


Therefore, if the reader thoroughly understands the 
six-cylinder engine, it will not be a difficult matter to 
understand the twelve-cylinder “V”’-type. 


Before proceeding with the explanation of the “twin 
six,” refer to the illustrations (Figs. 18, 19, and 20), 
and note the different angles in which cylinders are 
placed. Note, too, the evolution of raising the 
cylinders from 180° to 60°. 
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Fig. 18 represents the two-cylinder opposed type of engine 
with cylinders 180° apart. Tring impulse every 360° of crank- 
shaft movement. 


Tig. 19 represents the eight-cylinder engine with cylinders 
placed 90° apart. Firing impulse every 90° of crank move- 
ment, 


Fig. 20 represents the twelve-cylinder engine with cylinders 
placed 60° apart. Tiring impulse every 60° of crank move- 
ment. 


Construction: As previously stated, by placing six 
more cylinders on a six-cylinder crank case and placing 
them “V”-type, at an angle of 60°, the same crank 
shaft and practically the same crank case can be util- 
ized without materially increasing the size or weight 
of the engine, the addition being merely another set 
of cylinders and connecting rods. 


_ The “twin six” engine offers more evenly divided 
impulses than the eight. Two cylinders are working 


together at all times, and part of the time three are 
working together. 


On the eight-cylinder “V-type, cylinders are set at 
an angle of 90°, or one-half the distance of firing of 
the four cylinders. In other words a four-cylinder 
fires every 180°, and by setting cylinders at 90° we get 
an impulse every 90°. 


A six-cylinder engine fires every 120°. Therefore on 
a twelve-cylinder “‘V”’-engine, we would place cylinders 
at an angle of one-half of 120°, which would be 60° 
instead of 90°, and thus get a firing impulse at every 
60° movement of the crank shaft. 


Firing order: The crank shaft of a “twin six” is a 
regular six-cylinder crank shaft. The crank may be 
a right-hand crank or a left-hand, as explained. The 
firing order of a “twin six” would then be the same as a 
“six,” that is, if we consider each block of cylinders on 
a twin six as a separate six-cylinder engine. 


Pires first t 
RIGHT. BLOc 


LEFT BLOG 
FRONT 


Fig. 21. If we consider each side as a separate six-cylinder 
engine, the firing order would be I, 4, 2, 6, 3, 5 on each side. 
Note the crank shaft; the throws 1 and 6, 2 and 5, 3 and 4 are 
in line. This would be a left-hand crank shaft. 


Taking each side separately as if a separate six- 
cylinder engine with the firing order 1, 4, 2, 6, 3, 5, note 
that the right block (Fig. 21), starting from front, would 
fire, IR, 4R, 2R, 6R, 3R, 5R. Now start at the rear 
of the left block, 6L, 3L, 5L, 1L, 41, 2L. If the eylin- 
ders were numbered from the rear, on the left block, as 
IL, 2L, 3L, ete., the firing order would be 1L, 4L, 2L, 
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L, 3L, 5L, the same as the right block, but from 
ear to front. 


Combining the two six-cylinder engines, the firing 
Aas ot the “twin-six” engine would be as shown in 
"ig. 21. 


The figures outside of the circles indicate the order in which 
he cylinders fire on the Packard twin six. 1R fires first, then 
iL, then 4R, 3L, 2R, 5L, 6R, 1L, 3R, 41, 5R, 2U. 
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Fig. 22 


The relative position of the pistons and what is taking 
ace in each cylinder when cylinder 1R is just starting 
ts power stroke is shown in Fig. 22. 


The crank pins are 120° apart, whereas the firing 
mpulses are 60° apart. 


The order in which the cylinders fire is designated 
y the numbers outside of the cylinders, in heavy type. 


Note the position of the pistons when No. 1R is just 
eady to go down on power. 


Laps of power strokes: Remembering that the 
xhaust valves open 46° before bottom dead center, 
rhich is the same as saying that they open 134° 
fter top dead center, let us see how the cylinders 
rork together. 


In Fig. 23, cylinder 1R has just fired, therefore it 
s delivering power. Cylinder 6L has completed 
20° of its compression stroke. Cylinder 4R has 
ompleted only 60° of its compression stroke. 
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Fig. 24 


Let us now examine the engine after the crank 
1aft_ has revolved 60° to the position shown in Fig. 
4. Cylinder 1R, has completed 60° of its power 
roke and is still delivering power. Cylinder 6L 
as fully completed its compression stroke and now 
res; thus both cylinders 1R and 6L are delivering 
ower. Cylinder 4R has now completed 120° of its 
ympression stroke. 


Let us now examine the engine after the crank 
1aft has revolved another 60° to the position shown 
| Fig. 25. Cylinder 1R has completed 120° of its 
ywer stroke and is still delivering power. Cylinder 


6L has completed 60° of its power stroke and is still 
delivering power. Cylinder 4R has now completed 
its compression stroke; it fires and therefore it is 
also delivering power. Therefore, at this point all 
three cylinders are delivering power. 
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Fig. 26 


Let us now examine the engine after the crank 
shaft has revolved another 14° to the position shown 
in Fig. 26. Cylinder 1R has now completed 134° 
of its power stroke and, at this time, the exhaust 
valve opens so that it has just stopped delivering 
power. Cylinder 6L has completed 74° of its power 
stroke and is still delivering power. Cylinder 4R 
has completed 14° of its power stroke and is still 
delivering power. Thus we see that during 14° of 
crank-shaft rotation (the time involved while going 
from the position shown in Fig. 25 to the position 
in Fig. 26), we had all three cylinders delivering 
power, but at the instant shown in Fig. 26, only two 
cylinders are delivering power. 


These two cylinders will carry the load alone until 
the crank shaft has revolved another 46°, after 
which, cylinder 3L will start to fire, while cylinders 
6L and 4R are still delivering power. Thus it is 
seen that the revolution of the crank shaft is made 
up of alternate intervals of 14° during which three 
cylinders are delivering power, and of intervals of 
46° during which two cylinders are delivering power. 


The cylinders on the Packard are staggered (see 
Fig. 21). Note that the left cylinders set ahead of the 
right. This is in order that the connecting rods may 
be placed “side by side” on the crank pin instead of 
being “yoked.” 


The cam shaft: One cam shaft with a separate cam 
for each valve is used. 
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Fig. 27, Ind sectional view of Packard “twin six’ engine. 
Cylinder 18 is 60° down on power while 6L is on dead center. 
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Name of Parts 


stud-nut 


e 


Valve-cover 

assembly. 

Valve—exhaust. 

Valve-stem guide. 

Valve spring. 

Valve-spring collar. 

Valve-spring collar key. 

Valve roller-holder 

screw. 

Valve roller-holder 

screw check nut. 

Valve roller-holder 

screw plate. 

Piston pin. 

Connecting rod. 

Valve roller-holder 

guide yoke. 

Valve roller-holder 

guide. 

14 Valve roller-holder 
and roller assembly. 

15 Crank case upper to 
tower stud nut. 

16 Crank-case overflow 
valve stud nut. 

17 Crank-case overflow 
valve spring. 

18 Crank-shaft oil thrower. 

19 Fan driving pulley key. 

20 Cam-shaft spiral gear, 
front. 

21 Cam-shaft sprocket. 

22 Distributor driving 
shaft nut. 

23 Distributor driving 
shaft gear. 

24 Distributor driving 
shaft. 

25 Cam-shaft driving 
chain. 

26 Cam-shaft driving 
chain oil tube as- 
sembly. 

27 Gasoline power-pressure 
pump eccentric lock, 

28 Gasoline power-pressure 
pump eccentric. 

29 Motor-generator : 

sprocket eccentric. 

30 Motor-generator 
sprocket coupling, 
female. 

31 Cam-shaft driving 
chain oil tube flange 
nut, 

32 Distributor driving 
shaft bushing, upper. 

33 Cylinder water-jacket 
plate. 

34 Cylinder water-jacket 

plate screw. 


Wo) (o/o) NO Oe Wb 


Bee 
Nr oO 


ray 
ww 


Vig. 28. Front sectional view of Packard twin-six engine 
model *'3-25” and “3-35,” Four-cycle type with two blocks 
of “L”-head cylinders bolted to the crank case at an inclined 
angle of 60°. The cylinder bore is 3 and the stroke 5’. The 
left block is set 114” ahead of the right block to permit the 
lower end connecting rod bearings from opposite cylinders 
being placed side by side on the same crank pin, This 
arrangement also permits the use of a single cam shaft with a 


separate cam for each valve operating directly on the valve 
push-rod roller. 


Compression in all cylinders should be equal and up to the 
standard. Weakness or loss of compression is most probably 
due to imperfectly seated valves, which may be caused by 
insufficient clearance between the valve stems and lift rods, 
carbon deposits on the valve seats, or sticky valve stems and 
guides. Compression should be tested for uniformity in all 
cylinders at regular intervals, 


To test the compression in a cylinder, remove the spark plug 
and replace it with a standard compression gauge. Then with 
the ignition switch off and pet cocks in all cylinders closed, 
crank the motor, using the electric starter. At cranking speed 
with the engine cold, the gauge should register 75 pounds plus 
or minus 3 pounds with the throttle wide open, 
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Fig. 28 


A change in the setting of the cam shaft is possible only by 
removal or disarrangement of the front end chain.  Adjust- 
ments to the chain do not affect the valve timing. 


In resetting the cam shaft, the arrows on both the crank- 
shaft and cam-shaft gears should point directly upward and 
should be in line with the arrow on the front end cover face of 
the engine. In this position, the inscription on the fly wheel, 
“exhaust closes 1 and 6-R,”’ will be on the top dead center line 
of the engine, which is the center between the two cylinder 
blocks, and No. 1 right piston will be in the firing position. 


The main and connecting rod bearings are of the babbitt- 
faced bronze type. The bearings are set with a .0015” to .002/”” 
clearance and are consequently flooded with a film of oil between 
the shaft and the bearing surface, making adjustment for wear 
necessary only at long intervals. 


To grind the valves disconnect the carburetor inlet manifold 
and spark plug connections and remove the cylinder heads. 

Valve clearance: Inlet and exhaust valves should have .004” 
clearance between valve stem and roller-holder set screw when 
the engine is cold. Be sure that the valve is fully seated when 
measuring clearance, 

The vibration damper on the front end of the crank shaft 
should be adjusted to slip under a pull of approximately 140 Ibs. 
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COMPARISON OF THE LAPS OF FIRING OR POWER STROKES OF A 4, 6, 8, AND 
12-CYLINDER ENGINE - 


The eight and twelve-cylinder engines are ‘V-type. 
The diagrams shown below as an example are based on 
the exhaust valve opening 46° before bottom. The 
point of the exhaust valve opening varies. However, 
the comparison would be the same. 


Four-Cylinder Lap of Power Strokes 


On a four-cylinder engine a power impulse occurs 
every 180°, or half-revolution, or four impulses during 
two revolutions of the crank shaft. There are four 
periods of 46° travel, or 184° in all, during the four 
strokes, in which there is no power impulse. 
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Fig. 1. 4-cylinder power-stroke periods. 


Note in Fig. 1 that if piston No. 1 is firing, it does not 
travel its full stroke with a crank movement of 180° on 
power, because the exhaust valve starts to open, say 
46°, before it reaches the bottom ofits stroke, therefore 
it really travels but 134° on its power stroke. Conse- 
quently, before the next piston fires there is a gap of 46°. 


Therefore, in a four-cylinder engine there are four 
periods of 134° when one cylinder is firing or working 
under a power impulse, and four periods of 46° when 
no cylinder is firing or working. The fly wheel must 
then take the pistons over center during the “no” work- 
ing strokes. 


Six-Cylinder Lap of Power Strokes 


On the six-cylinder engine there is a power impulse 
every 120°, or one-third revolution of the crank shaft, 
or six power impulses during the two revolutions. 


Each piston is working on all of its stroke of 180°, 
except 46°, leaving 134° actually working. 
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Fig. 2. 6-cylinder lap of power strokes. 
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The second cylinder to fire starts to work 120° after 
the first starts to work (Fig. 2), and works 14° before 
the exhaust opens or the impulse ends on the first 
cylinder. Consequently there is no idle space between 
the firing of the cylinders, but quite the reverse, for 
there is a “lapping” of power strokes. 

Thus, there are, during the two revolutions of the 
erank shaft,six periods of 106° travel when one cylinder 
is working alone, and six periods of 14° travel when two 
cylinders are working together. 


Therefore, 7/60ths of the time two cylinders are 
working together and 53/60ths of the time one cylinder 
is working alone. 


The Eight ‘*V’’-Cylinder Lap of Power Strokes 


The eight-cylinder ‘V-type engine with cylinders 
90° apart would act very much the same as a four- 
cylinder engine, if we consider each block separately. 


There are eight power impulses or explosions during 
each cycle of two revolutions of the crank shaft. In 
other words, the four strokes of two revolutions are 
just the same as in a four, but there are eight power 
impulses or explosions during these two revolutions. 
There is a power impulse every quarter turn (90° move- 
ment) of the crank shaft, and thus there is no intermis- 
sion between them, but rather an “overlapping” so 
complete that the turning effort is practically constant. 

When one cylinder (Fig. 3) is firing, it would travel 


134° on the power stroke, at which time the exhaust 
valve opens (46° before bottom, as an example). 
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The second cylinder starts to fire 90° after the first, 
and moves for 134° before its exhaust valve starts to 
open. 


Therefore there are, during the four strokes, or two 
revolutions of the crank shaft, eight periods of 44° 
travel when two pistons are working together, and eight 
periods of 46° travel when one piston is working alone. 
Therefore 22—45ths of the time two cylinders are work- 
ing together and 23-45ths of the time one cylinder is 
working alone. 


Twelve-Cylinder Lap of Power Strokes 


With the twelve-cylinder “V-type engine with 
cylinders 60° apart, there are twelve power impulses 
during two revolutions of the crank shaft. There is a 
power impulse every 60° movement of the crank shaft. 


When one cylinder is firing, it travels the same as 
those previously described, namely, 134° before the 
exhaust valve opens; it then continues for 46° more, 
till it reaches the end of its exhaust stroke. 
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When the first cylinder fires (Fig. 4), and the piston 
has traveled only 60°, the second cylinder fires and joins 
No. 1; they then work together for a period of another 
60°, when the third cylinder fires and joins No. 1 and 2. 
Now No. 1 hasstill 14° to travel before its exhaust valve 
opens; consequently the three work together until that 
occurs. 


At the 134° point No. 1 cuts out and Nos. 2 and 3 
work together for a period of 46° when No. 4 fires and 
joins them, and so it continues throughout the cycle. 


Thus with every 60° movement of the crank shaft there 
is a period of 14°, during which three cylinders work 
together; or, in one complete revolution of the crank, 
or 360° movement, there will be six periods of 14° when 
three cylinders work together, and six periods of 46 

alternating with these, when two cylinders work 
together. Therefore there are, during two revolu- 
tions of the crank shaft, twelve periods of 14° travel 
when three cylinders are working together and twelve 
periods of 46° travel when two cylinders are working 
together. 


THE SLEEVE-VALVE ENGINE (STEARNS-KNIGHT AS AN EXAMPLE) 


The sleeve-valve engine differs from any other four- 
cycle engine only in its method of admitting and ex- 
hausting the gas. 


The sleeve valves: Instead of raising and lowering 
the poppet valves, to admit and expel the gas, there are 
two sleeves with ports or slots in them. At certain 
times, these ports on the same side of the cylinder 
come in line, as shown in Figs. 1 and 1A and Figs. A 
to F. These sleeves take the place of valves. 
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The openings occur at the proper time, in a similar 
manner to the opening and closing of any other valves. 
That is to say, the exhaust opens once during the four 
strokes and the inlet opens once during the four strokes 
of the piston. The sleeves of course sliding up and 
down cause this opening and closing. 


The sliding shells or sleeves of each cylinder have a 
relatively short stroke, about 1 inch, and are driven 


by two short connecting rods or side-arms working off 
a lay erank shaft, or eccentric shaft, the cranks having 
a very small throw. 


Eccentric shaft: The sleeves are caused to slide up 
and down by an eccentric shaft (ES), which takes the 
place of a cam shaft, and which has eccentrics raising 
and lowering small connecting rods (OS and IS, Figs. 
landAtoF). Thiseccentric shaft is driven by a chain 
from a sprocket on the crank shaft of the engine. It 
is driven at the same speed as any other cam shaft, 1.e., 
one-half the speed of the engine crank. 


The eccentric pin operating the inner sleeve is given 
a certain lead or advance over that operating the outer 
sleeve. This lead, together with the rotation of the 
eccentric shaft at half the crank-shaft speed, produces 
the valve action illustrated in Figs. A to F, which shows 
the relative position of the piston, sleeves, and cylinder 
ae at various points in the rotation of the crank 
shaft. 


Valve timing: The timing shown in Figs. A to Fis not 
different from that ordinarily used in poppet-valve 
engines, but the valve area is greater than that of an 
ordinary poppet valve. The equivalent of increased 
valve area is gained also by the directness of the valve 
opening and the absence of restrictions in the gas 
passages. 


Compression or junk ring: The sliding sleeves end 
right up in the deep cone-shaped combustion head, 
which is a detachable unit. This head is of a special 
design, inasmuch as it is provided with a set of piston 
rings, three narrow and one double, the latter being 
specially wide and termed the compression or junk 
ring. ‘These rings prevent any escape of pressure in 
an upward direction. 


Piston rings: The usual set of three rings on the 
working piston maintain pressure tightness in the lower 
direction. 


The main principle of this engine (made under 
Knight’s patent) is the substitution of sliding valves 
for the usual poppet or tappet valves. The sliding 
valves consist of two concentric shells of cast iron 
accurately turned, working in between the driving 
piston and the eylinder walls. These shells have 
two series of large area ports or slots cut in the upper 
ends, which register together at the required instant 
in the respective strokes of the piston. One pair 
of slots forms the inlets and the other pair the 
exhausts. 


Setting ignition: Set cylinder No. 1 piston on top 
of compression. Retard contact-breaker box on 
Bosch magneto. Set points on interrupter just 
breaking. There is a mark on the flywheel which, 
when lined up with the mark on the cylinder, will 
show when 1 and 6 or 1 and 4 are up. Firing order 
ne the six is 1, 5, 3, 6, 2, 4 and 1, 3, 4, 2 on the 

our. 


THE SLEEVE-VALVE ENGINE 89 


Junk ting to hold compression 
a 


ef 


Spark plug 


Water-jacket in cylinder head: 


Intake ports in cylinder and sleeves M 


Intake manifold N 


Silent chain drive for ‘ 
eccentric shaft 


Silent chatn drive for 
(generator shaft’ 


Inner sleeve: 


Exhaust:ports in sleeves 
Outer sleeve A 
Exhaust manifold 


Oiling grooves 


Connecting rod operating 
outer sleeve 


Connecting rod operating 
inner sleeve 


Eccentric shaft 


Fig.1A. Side view showing a partly sectional view and front-end drive system of the Stearns-Knight sleeve-valve engine. 


Explanation of Valye Opening and Closing, and 
Firing Order (Stearns-Knight Six- 
nder Engine as an Example) 
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Fig. A Fig. B 

The eccentric shaft sprocket (ES, Fig. A) is twice the size of 
erank-shaft sprocket. It therefore revolves at one-half the 
speed of the crank shaft, the same as any cam shaft. (OS) 
means outer sleeve and (IS) inner sleeve eccentric rod. 


The motion of the eccentric rods (OS) and (IS) is controlled 
by an eccentric on a shaft driven by sprockets. 

Firing order, 1, 5, 3, 6, 2, 4. View is from front of engine. 

The “ports” are the openings in the sleeves and cylinders. 


In Fig. A, the exhaust starts to open at 60° before bottom. 
Toward the end of the power stroke, as in any four-cycle 


engine, the exhaust port 1s uncovered by a downward motion 


of both sleeves, the inner moving at a higher speed than the 
outer. Instead of a valve opening, the opening occurs in the 
sleeve. 

In Fig. B, the exhaust is fully open. At the starting of the 
exhaust opening the outer sleeve port is approximately in 
register with the cylinder exhaust port, the full opening being 
obtained chiefly through the more rapid motion of the inner 
sleeve, its port ‘‘catching up” with the port in the outer sleeve. 
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Fig. C Fig. D 


In Fig. C, the exhaust closes on top. The inner sleeve first 
reaches the bottom of its travel (note position of eccentric rod 
IS), and the outer sleeve, following it, closes the exhaust open- 
ing by over-running the cylinder port. 

In Fig. D, the inlet opens 4° after top. At the closing of the 
exhaust, the sleeves are moving in opposite directions, the 
inner one up and the outer one down (see eccentrics OS and IS). 
The inlet ports in the sleeve then overlap, the opening being in 
line with the cylinder wall. The inlet ports in the sleeves are 
moving in opposite directions. 
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In Fig. E, the inlet is full open. The continued but slow 
downward movement of the outer sleeve, together with the 
increasingly rapid upward motion of the inner, causes the two 
sleeve ports to coincide with each other. 


In Fig. F, the inlet closes 40° after bottom center. From 
the point of full inlet opening, both sleeves travel upward, the 
inner at a higher rate than the outer. This action is continued 
until cut-off is secured and the port closed by the lower edge of 
the inner sleeve port over-running the lower edge of the ‘‘junk’”’ 
ring carried by the head casting of the cylinder. 

é 


As the inlet closes, the next stroke up would be the compres- 
sion stroke, and when on top, the explosion would occur and 
the piston would go to the position shown in (A). 


Pome me eee 

Ive timing of the Stearns-Knight early model four-cylin 
pete is ei in Fig. G. Valve timing of the Stearns-Knight 
six cylinder (early model); the same except inlet opens 4 degrees 
instead of 8 degrees, and exhaust closes on top dead center 
instead of 4 degrees after. 


This valve-timing diagram can more clearly be understood 
after reading under the subject of valve-timing, as on page 69, 
which gives an explanation of how a flywheel is usually 
marked. See ‘‘note’’ at bottom of page 63 for meaning of ‘“‘top 
dead center,’ ‘‘bottom dead center,’ ete. 
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Fig. G. Knight 4-cylinder valye_ timing. 


The flywheel 
below is as if viewed from the rear. 


The diameter is 17”. 


THE ROTARY-VALVE ENGINE 


This type of engine is the same as any other four- 
eyole principle of gasoline engine, except instead of the 
“noppet type” of valves the “rotary type” is used to 
admit gas to the cylinder and to permit burnt gases to 
pass out. The Speedwell was one make of car which 
used the double-rotary valve. 
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The rotary valve is nothing more than a long cylindri- 
cal piece of metal with holes in the shape of slots cut 
as at (S) and (D) above. Instead of valves popping 
up and down, this rod is placed alongside of the cylin- 
der and is operated by a chain or gear from the crank 
shaft. As it turns, the openings in the rods (rotary 
valve) perform the same function as the poppet valves. 


There are two types of rotary-valve engines, the 
double valve and the single valve. 


The double rotary valve can be compared with the 
poppet-type valve engine using the ‘“T”’-head type of 
cylinder, which has the intake valves on one side and 
the exhaust on the other. On the double rotary valve 
we have an “intake rotary valve” on one side and the 
“exhaust rotary valve” on the other side (Figs. 1, 2, 3, 
and 4). On a four-cylinder engine, each valve would 
have four slots. 


The single rotary valve can be compared with the 
poppet-valve type of engine using valves-in-the-head, 
operated by one overhead cam shaft. Instead of 
poppet valves and cam shaft, however, there is one 


long rotary valve, with openings as shown in Figs. 5, 
6,7,and 8. Note the position of these openings during 
the periods of intake, compression, firing, and exhaust. 
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Fig. 1 shows suction or induction stroke just starting. As 
the piston starts down, the opening in the intake valve (valve 
is rotating to the right) will be in line with the opening in the 
combustion chamber; therefore gas will be admitted. ; 


Fig. 2. Compression stroke: The piston has reached and 
passed the bottom of the intake stroke and is starting’ up on 
compression stroke, therefore the intake valve is just starting 
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to ne Note that the exhaust valve is closed in Figs. LL e2e 
an . 
Fig. 3. Power or explosion stroke: Openings in both valves 


are closed; piston will move down. 


Fig. 4. Exhaust stroke: The piston is now starting up on 
exhaust, therefore the opening in the exhaust valve is open to 


ae Cynder. and burned gases will pass out. Intake valve is 
closed. 


Su 
nmct. \\ (a } (CF (@ 
z COMPRESSION. TIRING i 
Fig. 5 Fig. 6 Neg fl Fie 8. 


T 
Fig. 


ROTARY-CYLINDER ENGINE, OVERHEAD CAMSHAFT ENGINE 91 
NN et 


THE ROTARY-CYLINDER ENGINE 


Fig. 9 shows the Gnome aviation seven-cylinder 
ee which is treated fully in other sections of this 
ook. 


In the ordinary motor-car engine the cylinders are 
bolted to a crank case and the crank shaft is made to 


turn around by the force of the explosions in the © 


cylinders. 


In the rotary-cylinder engine the crank shaft is held 
stationary and the cylinders are mounted on a cylindri- 
cal crank case which can revolve. Connecting rods are 
fastened to crank-shaft pins (Fig. 10). 


The revolving cylinder or “rotary-cylinder” type 
isa French invention. This style of engine was used 
extensively during the war in small, high-speed, 
single-seated machines; another is the La Rhone. 


Principle of operation: When an explosion occurs 
in one of the cylinders the energy can do nothing else 
but force the piston down. ‘This action turns the 
rodholder on the crank shaft, which causes the rods, 
pistons, and hence the cylinder to revolve as a unit. 
The crank shaft (Fig. 11) remains stationary, and, 
due to this fact, the pistons will assume different 
positions in the cylinders owing to the location of 
the rods on the crank pin.--For instance, in the 
movement of the cylinder A from X to Y, the piston 
in the cylinder will travel downward, as shown in 
the illustration, until it reaches bottom of its stroke. 
es type of engine is not adapted for automobile 
work. 
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Fig. 10 (upper, left); Fig. 9 (upper, right); Fig. 11 (below). 


Fuel system. Gasoline is fed to the crank case through the 
hollow crank shaft to a spray nozzle in the crank case. The 
gasoline in the tank is under 5 lbs. pressure per sq. in. by air 
pump. When the cylinders are within 20° of the end of the inlet 
half-revolution, a series of small inlet ports around the circum- 
ference of the cylinder wall is uncovered by the top edge of the 
piston whereby the combustion chamber is placed in com- 
munication with the crank chamber. The crank chamber is at 
atmospheric pressure, and the combustion chamber is below 
atmospheric; the result is, a suction is created which draws gas 
from the crank chamber to the combustion chamber. The air 
for mixture is provided by admission through the exhaust valve 
during the first part of the inlet stroke. Originally an inlet 
valve was located in the center of the piston head—this is not 
now used. 


THE WEIDLEY ENGINE WITH OVERHEAD CAM SHAFT AND VALVES 


Valves: In this type of engine the cam shaft is placed 
overhead as in Fig. 1, with the cams integral. There 
are two overhead valves for each cylinder (see Figs. 
3 and 4); therefore there are twelve cams, one for 
each valve. 
cylinder. 


Engine in this example is a six- 
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The cam shaft is operated by a gear (G1) on the 
crank shaft, which operates a gear (G2, Fig. 2), which 
is called the lower timing gear; this gear is placed at 
the lower end of a vertical shaft (VS) with an upper 
timing gear (G3), which operates the cam-shaft gear 
(G4). By referring to Fig. 2, it will be seen how the 
cam (C) operates the tappet arm (F), which in turn 
opens the valve against the tension of the spring (S). 
While the construction varies, the principle, it will be 
noticed, is just the same as in any other engine. The 
cam shaft turns one revolution to two of the crank 


shaft. 


The cam shaft mounted on the cylinder head has 
four bearings and these are 1 3/16’ in diameter. 
The end bearings are 114”’ by 134” long, and the 
middle ones, which are on either side of the driv- 
ing gear, are 134” by 15%” long. A hole 3@” in 
diameter is drilled through the cam shaft for its 
entire length, and carries oil to the cams and 
bearings. 


The cylinder head is detachable from the cylinder, 
and the cylinders are all in one block; therefore to 
grind the valves or to get to the valves, the cover 
is removed, and then the cylinder head. Fig. 4 
shows the cylinder head removed and Fig. 3 shows 
the cylinder head turned up side down, exposing 
to view the valves seated in the cylinder-head 
casting. 


To grind valves: First, remove head. If a single 
valve is to be ground the valve spring may be com- 
pressed and the pin holding the spring removed, 
when the valve can be dropped out and the seat 
ground, or the cam shaft may be removed, which is 
easily done. The springs and pins are removed 
and the cylinder head is turned over on a bench, 
as in Fig. 3, and the valves are ground as in any 
other engine. See Index for method of valve 
grinding. 


To set the valves: The inlet opens 10° past top 
and the flywheel is marked “IO.” ‘The exhaust 
closes at 10° after top. Therefore, set the cam shaft 
with piston No. 1, 10° past top center; the cam is 
just leaving the exhaust valve (see C, which would 


-be a little farther in the direction of rotation, as it 


now has the valve open). The gears are then 
meshed at this point. The timing of both inlet and 
exhaust is done by one cam shaft, the same as on an 
“T,”-type cylinder. 
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FRANKLIN AIR-COOLED ENGINE 


Engine: Six cylinder, 314x4 inches. Piston dis- 
placement 199 cubic inches. H. P. in accordance 
with the §. A. E. is 25.3, at maximum 31. About 
1,700 r. p. m. is maximum speed. The gear ratio of 
the car on high gear is 3.9 to 1, the wheel being 


32 inches, which means 1,950 revolutions of the engine . 


per mile. Weight of car under 2,300 Ibs. Maximum 
speed of car 50 m. p. h. or over. 
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Fig. 5. Side view of Franklin air-cooled engine. 


Overhead valve mechanism with one cam shaft on 
the side is used. Atwater-Kent ignition. Carburetor 
of Franklin design. 


Pistons: As the normal working temperature in the 
Franklin engine is distinctly high, the makers were 
not very ready to believe in the aluminum piston, but 
they have now adopted it as a stock practice and con- 
sider that the better mean effective pressure of the new 
engine is largely due to the improved piston cooling 
obtained. Atfirst there was a little trouble from wear 
on the skirt; it was difficult to get a close enough fit 
to insure absence of slap without abrasion. The 
trouble was overcome completely by turning a shal- 
low, square groove of screw-thread form from the 
bottom of the skirt to just beneath the lower ring. 
This holds oil securely and allows a smaller clearance 
than is possible with a plain piston. Piston clearance 
is 005”. Three piston rings 3/16” wide with .015 to 
.020”’ clearance between ends are fitted to each piston. 
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Fig. 6. End sectional view of Franklin engine. 


There is an interesting lubrication system em- 
ployed, individual oil supply being sent to every 
point. The oil pump, which is a conventional gear 
pattern, is mounted on a large plate, and the delivery 
from the pump is distributed to a number of oil 
leads by means of passages in the plate. Actually 
the plate is die-cast aluminum with distributing 
grooves, and these grooves are made into closed 
passages by putting a piece of thin sheet copper 
over the face. This gives direct-pressure feed to 
all bearings on the crank shaft and to various other 
points. 


Valve Clearance 


Valve clearance is .010’ when cold and adjust- 
ment is made between the end of the rocker arm 
and the adjusting screw. See Index for “Franklin 
cooling system and wiring diagram.” 


INSTRUCTION No. 12 
THE CONTINENTAL ENGINE 


Continental Model *“‘7R”’ Red Seal 


Engine 


Model ‘‘7R” is a popular six-cylinder engine as 
used on several makes of passenger automobiles. 


Specifications: Cylinder, 314” bore, 414” stroke; 
displacement, 224.00 cu. in.; horsepower, 8. A. E. 
rating 25.35; B. H. P., 1,000 r.p.m., 26; 2,600 r.p.m., 
55; weight 575 lbs.; cooling, centrifugal pump; lubri- 
cation ‘force-feed” with drilled crank shaft and gear- 
type oil pump; carburetor, vertical outlet type, 114”; 
provisions for standard makes of starter, generator 
and ignition systems; clutch, multiple disk or 10’ 
plate; construction, unit power plant; suspension, 
three point. 
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Valve Timing 


Valve timing, 7R: Inlet opens 12° after top; 
closes 20° after bottom; exhaust opens 40° before 
bottom; closes 8° after top. 


The timing marks on the flywheel can be seen 
through the inspection hole in the housing, directly 
over the flywheel. A steel pointer is used to line up 
the flywheel marks when checking the valve timing. 


Valve timing, “7W” (an older model engine): 
Intake opens on upper dead center and closes 33° 
past lower dead center. Exhaust opens 67° before 
lower dead center and closes on upper dead center. 
This setting gives an inlet period of 213° and an 
exhaust period of 247°. 
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Fig. 1. Sectional view of model “7R” six-cylinder Red Seal Continental engine, left side. 
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See the instruction on “Commercial Cars” for 
valve timing of the Continental “L4” engine. 


See Index “Questions and answers on Continental 
engines.” 


Lubrication of Continental ‘‘Model 7R”’ 
Red Seal Engine 


Gear type of oil pump attached as a separate unit 
outside of the engine, near the front end of the crank 
case. Driven by spiral gears. Maintains a pres- 
sure of 5 to 30 lbs., depending upon car speed, 
temperature of oil, and general operating conditions. 

Oil pressure is adjusted in the same manner as 
explained of the Continental ‘‘L4”’ engine in the 
Commercial car instructions, except that the amount 
of pressure should range from 10 to 15 lbs. at a car 
speed of 15 m.p.h. Oil is forced from the pump to 
the main oil line and distributed through ducts to 
the four main bearings. The crank shaft is drilled 
to conduct oil to the six connecting-rod lower end 
bearings. -Through a secondary line connecting 
with the main reservoir, oil is fed to the timing gears 
and to the pressure-adjusting valve in the gear case. 
An oil spray lubricates the piston-pin bearings, 
cylinder walls, and four cam-shaft bearings, as well 
as the valve-spring chamber, valve stems, valve- 
spring bearings, and push-rod bearings. 


Details of the Continental Model “‘N”’ 
Red Seal Engine 


Model ‘“‘N”’ engine is an engine with four cylinders, 
334” bore, 5” stroke. It is designed for trucks 
ranging from 34 to 11/4 ton carrying capacity. 
When fitted with a governor, the recommended 
governing speed is 1,300 r.p.m. Pistons and con- 
necting rods can be removed from below. At 1,000 
r.p.m., 23 h.p., at 2,000 r.p.m., 34 h.p., weight 410 
Ibs., with flywheel. Carburetor 114’. Cooling: 
thermo-syphon. Three or four-point suspension. 

Lubrication would be termed force-feed and 
‘iplash system. The forced-feed system supplies 


oil to the crank-shaft main bearings and the timing 
gears. The spiash system serves to lubricate the 
interior of the engine, such as the pistons, cam shaft, 
push rods, and connecting-rod bearings. The oil 
pump is a horizontal plunger-type pump operated 
by an eccentric from the cam shaft. The oil pres- 
sure is automatically controlled. 

To grind the valves, see Index under ‘Valve 
grinding.” 

To take up connecting-rod bearings, remove the 
lower half of the crank case. Shims are used and 
it is very necessary to remove one or two—being 
careful to remove equal number on each side and 
not to have a bearing too tight. 

If the bearings are too far gone to take up by 
removing shims, it is then necessary to fit new bush- 
ings (see repair subject). 

The pistons and connecting rods can be taken out 
past the crank shaft. 

Renewing piston rings is accomplished by lapping 
new rings to the cylinder (see Index under ‘‘Fitting 
piston rings’’). 

Valve Timing 


Valve timing of the model “‘N”’ engine is as follows: 
Inlet opens 17° 53’ past upper dead center and 
closes 29° 25’ past lower dead center. Exhaust 
opens 42° 36’ before lower dead center and closes 
8° 20’ past upper dead center. 


This gives an intake period of 191° 32’ and an 
exhaust. period of 230° 56’. 


Remarks 


The words “Red Seal,” as used with these engines, 
represents the highest grade of motors manufac- 
tured by the Continental Motors Corpn., Detroit, 
Mich. Many passenger and truck model engines 
are manufactured. The model “7R” is a popular 
passenger car engine, and model “L4’” (see Com- 
mercial Car Instruction) and model “N,” below 
are popular truck engine models. ‘ 


Fig. 3. Left side view of model ‘‘N”’ 


Red Seal Continental four-cylinder engine. 
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CARBURETION: Early Carburetion Principle; Parts; Carburetor Principles; 
Gasoline; Priming Methods; Heating Methods; Vaporizing Gasoline; Size of 
Carburetor to Use; Gasoline Troubles; Gasoline Tank and Gauge; 
Fuel-Feed Methods; Vacuum Gasoline Feed System 


EARLY CARBURETION PRINCIPLE 


Meaning of carburetion: The mixing together of 
gasoline vapor and air is called “carburetion,” and 
the device that keeps the two in proportion is called 
a “carburetor.” 


To get energy out of the gasoline it is necessary 
for it to be converted into a vapor and then mixed 
with a volume of air before it can be exploded in the 
cylinder. : 


There are two ways of producing this vapor, one 
being to expose a considerable surface of this liquid 
to the air, which is also caused to bubble through 
it and thus become impregnated with the gasoline 
vapor. This was the original method, and was 
called the ‘‘surface” type of carburetion. 


_ The second method is to “spray” the liquid gaso- 

line through a fine spray nozzle or jet into the 
mixing or vaporizing tube, into which air can be 
drawn to intermingle with the vapor. 


The device in which this operation is performed 
is termed a “carburetor,” and the operation itself 
is known as ‘“‘carburetion,”’ from the fact that the 
gasoline largely consists of carbon. The mixture 
might also be termed ‘“‘carbureted”’ air. 


Amount of gasoline and air: It has been found 
that the best explosive mixture, with the gasoline 
commonly used, is a proportion of 14 parts air to 1 
part gasoline (this when maximum power is desired) 
and ranging to 17 to 1 (the latter for maximum 
economy), proportioned by weight of air and 
gasoline. 

That is, 14 to 1, or rich mixture, is best for quick acceleration, 
or 15 to 1 or leaner mixture best for pulling with wide-open 
throttle, and 17 to 1, or still leaner mixture, for high-speed 
work (figures only approximate). 


Pure gasoline vapor will not burn; it must be mixed with 
air before it can be used in an engine. To burn with the 
greatest rapidity and heat, the air must be in correct propor- 
tion to the vapor. The exact amount of air to be mixed with 
a certain amount of vapor depends on the quality of the gaso- 
line, and other conditions. The carburetor, by which the 
proportions of the mixture are maintained, is so made that a 
current of air passes through it when the piston makes a suction 
stroke. 


‘Mixing Valve’’—an Early Form of Carburetor 


In the early days the method of mixing the 
gasoline and air in proper proportions was by means 
of a “mixing valve” (Fig. 1). It could also be 
termed a carburetor but without the float cut-off 
mechanism. The air was drawn in at “air intake,” 
through valve (3), being opened automatically by 
suction of the piston, forming a vacuum in the crank 
ease when going up (on a “two-cycle” engine), or 
when the inlet valve was open and the piston travel- 
ing down on suction stroke on a ““four-cycle”’ engine. 
If, therefore, the gasoline needle valve was open, 
gasoline would also be drawn in, mixed with the air, 
and pass into the cylinder in a partially vaporized 
condition. 

The mixing valve, also called a “generator valve,” 
is still used to a small extent on two-port two-cycle 
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Fig. 1. Early form of a carburetor; a mixing valve. 


engines. It takes the place of a check valve, as the 
valve (3) serves the same purpose. 


Note the absence of any float arrangement. The 
gasoline is fed by gravity, and when the engine stops 
the gasoline needle valve must be cut off, otherwise 
the gasoline will drip. 


Constant-Level Type of Carburetor 


Fig. 2 explains the purpose, location, and parts 
of a simplified carburetor. 


The gasoline tank is above the level of the carbu- 
retor; therefore the gasoline is fed to the carburetor 
float chamber by gravity. 


The air goes through a passage, in which is a 
small pipe called a ‘‘spray nozzle,” that sprays the 
gasoline so that it comes in contact with the air (see 
Fig. 2). The gasoline, being volatile, is taken up 
by the air, and the mixture goes to the cylinder. 


The amount of air that may flow through the 
carburetor, and the quantity of gasoline that may 
flow out of the small pipe, are adjustable, so that 
for a certain amount of gasoline the proper propor- 
tion of air may be admitted. 


When the mixture is not correct, that is, when 
there is too much or too little air for the gasoline 
flowing out of the small pipe, the running of the 
engine is affected, and it will not deliver its full 
power. 


When there is too much air for the gasoline, the 
mixture is said to be “too poor” or “Jean”; when 
there is too little air, the mixture is said to be “too 
rich.” 


The carburetor is connected to the inlet pipe, and 
no air or gas can enter the cylinder through the 
inlet valve without first passing through the car- 
huretor. 


The air drawn through the carburetor on the 
suction stroke enters it through the “sir intake” 
and passes around the spray nozzle, drawing gaso- 
line with it; the level of the gasoline in the float 
chamber then drops, and the float drops also and 
permits more gasoline to enter the float chamber. 
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Fig. 2. Simplified illustration showing how the gasoline 
flows from the gasoline tank to the carburetor; how it is 
mixed with air and then drawn into the cylinder when the 
inlet valve is open. 


It is in the “mixing tube,” or “‘mixing chamber,” 
as it is sometimes called, that the air is brought into 
contact with the gasoline. The “spray nozzle” 
projects into the mixing tube, so that it is in the 
center of the current of air. 


How the gasoline is drawn into cylinder with the 
air: When the air is not passing through the mixing 
tube, the liquid gasoline stands just below the open 
end of the spray nozzle, but as soon as the current 
of air passes through, it sucks the gasoline out. The 
current of air sucks up the gasoline, very much as 
would a child trying to draw the last few drops of 
soda through a straw, drawing in really more air 
than soda. 


The piston of the engine, on its suction stroke, 
produces the suction effect similar to a squirt-gun 
drawing in water. 


The inlet valve must be open to permit the gas 
to be drawn into the cylinder—which is the case if 
the-piston is on the suction or intake stroke, but in 
no other stroke. 


The adjusting screw or “gasoline needle valve” 
regulates the amount of gasoline to be admitted into 
the mixing tube through the spray nozzle or jet. 
The regulation of this needle valve is very impor- 
tant, and after once being properly adjusted, a very 
slight turn one way or the other will affect the run- 
ning of the engine. 


The throttle valve, usually placed in the mixing 
tube, above the spray nozzle, governs the amount of 
gas which enters the cylinder on the suction stroke. 


The throttle-valve lever on the carburetor con- 
nects with the throttle lever on the steering wheel. 
Moving the throttle lever on the steering wheel, in 
a certain direction opens the throttle valve on the 
carburetor, which increases the speed of the engine. 


The more gas admitted by the throttle lever 
through the throttle valve, the more gas will enter 
the cylinder; hence more power or greater force on 
the power stroke results, thereby giving more speed 
to the piston of the engine. 


Moving the lever in the opposite direction closes 
the throttle valve on the carburetor, reducing the 
amount of gas which enters the cylinder, thereby 
reducing: the speed of the engine. The throttle 
valve is never entirely closed, but is set so that the 
engine will idle when the throttle lever on the steer- 
ing wheel or accelerator is closed. 


The float in the carburetor is provided merely to 
prevent the gasoline overflowing and running out 


of the spray nozzle, when the engine is not running. 
The float is adjusted so that the level of the gaso- 
line will not quite reach the top of the spray nozzle 
or jet. Thus, as the float automatically governs 
the level of the gasoline in the float chamber and 
automatically cuts off the supply from the gasoline 
tank when the engine stops, it is termed a ‘‘constant- 
level type” of carburetor. 


The floats are usually made of cork or hollow 
metal balls, which float in the gasoline inside of the 
mixing chamber. A needle point arrangement 1s 
connected with the float, which cuts off the gasoline 
flow when the engine stops. 


The reason why engines must first be cranked, 
when starting a gasoline engine, is due to the fact 
that a charge of gas must be drawn into the cylinder 
and then compressed. Compressed gas is ignited 
by the electric spark; this produces the power 
stroke, and the power from this combustion of com- 
pressed gas, together with the momentum of the 
fly wheel, will keep the engine in motion until the 
next power stroke. The cycle operation of suction, 
compression, power, and exhaust is repeated over 
and over again. 


An Early Constant-Level Type of Carburetor 


Maybach conceived the idea of using a float to 
maintain a constant level of gasoline just below the 
spray-nozzle head, with a main air inlet below the 
nozzle, as shown in Fig. 3. 
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Fig. 3. Early type of carburetor with float mechanism. A 
“main air inlet” is provided. 


The gasoline is drawn from the spray nozzle by a 
vacuum or suction effect produced by the piston. 
It is thus drawn through the mixing chamber and 
through the open inlet valve into the cylinder. At 
the same time, air is drawn into the mixing chamber 
at the main air inlet, but inasmuch as the greatest 
power of an engine is obtained by having a mixture 
of exact proportions of air and gasoline, it is clear 
that if the speed of the engine is increased, more 
gasoline would be drawn into the cylinder without 
sufficient air supply to mix with it. Thus too rich 
a mixture would be the result. If the air opening 
were enlarged to give a greater supply of air at 
high speeds, the result would be too great an air 
supply at low speeds, or too lean a mixture. This 
type of carburetor was evidently designed for a 
constant steady-speed engine. 
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f Fig. 4. In addition to a “main air inlet’? an “auxiliary air 
inlet” is provided here. 
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An auxiliary air inlet was added to this type of 
carburetor by Krebs. Note that in addition to the 
main air inlet below the nozzle, an automatic auxil- 
lary air valve was placed above the nozzle (Fig. 4). 


At low speeds, the main air inlet was sufficient, 
but at high speeds, the suction effect being greater, 
the spring caused the auxiliary air valve to open, 
thus permitting more air to be drawn into the mix- 
ing chamber, and resulting in a better proportion of 
air and gasoline than the carburetor shown in Fig. 
3. The greater the speed of the engine, the greater 
the suction effect, and consequently the greater the 
opening of the auxiliary air valve. At slow speeds, 
the air valve would remain closed and was thus 
automatic in action. 


Another feature of the auxiliary air valve, is to 
break the gasoline up into as many fine particles as 
possible, so that the air will more readily mix with 
the gasoline and form a vapor. ‘There are different 
methods of doing this which will be shown farther on. 


Adjustable auxiliary air valve: The difficulty 
arising from the fact that the coil spring which held 
the auxiliary air valve closed at low speeds and was 
intended to open as the speed of the engine increased 
did not always function, because temperature chan- 
ges would affect its sensitiveness and because 
the variations in the volatility of gasoline varied 
when cold and when warm, was overcome in a way 
by changing the adjustment of the tension on the 
auxiliary air-valve spring which was provided as 
shown in Fig. 5. 


PARTS OF A 


Before proceeding farther with the principle of 
different types of carburetors we will take up the 
subject of parts of a carburetor. 


The concentric-float type of carburetor is the 
term applied to a earburetor where the float sur- 
rounds the mixing chamber and spray nozzle, as in 
Fig. 5. This makes a compact carburetor and 
maintains a constant gasoline level in the spray 
nozzle regardless of the angle at which the engine 
may be. On almost all concentric-type carburetors 
the float is made of cork. 

The side-float type of carburetor is the term 
applied to a carburetor where the float and float 
chamber are placed to the side of the mixing cham- 
ber, as in Fig. 4. 

Floats 


Floats are usually made of light brass or copper 
in various hollow forms; the joints, if any, being 
carefully soldered or brazed, so that gasoline cannot 
enter the float itself. Floats are also made of cork, 
well shellacked, so that they will not absorb gasoline 
and lose their buoyancy. (See Fig. 5.) 

The sole duty of the float is to maintain a pre- 
determined or constant level of the gasoline in the 
carburetor. This level is generally a small fraction 
of an inch below the jet or nozzle opening. 

The float chamber is that part in which the float 
operates; it is sometimes placed around the spray 
nozzle and sometimes to the side, as previously 
explained. 

The float level: In different makes of carburetors, 
the level of the gasoline in the float. chamber, and 
the gasoline in the spray nozzle, varies from about 
one-sixteenth to one-eighth of an inch below the top 
of the spray nozzle. 

As gasoline flows from the main. supply tank 
through the gasoline pipe or line into the float 
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_Fig. 5. Typical example of a carburetor using an auxiliary 
air valve. 


The reader should closely observe the difference 
between the main air inlet and the auxiliary air 
valve. All carburetors have main air inlets, where 
air is drawn into the carburetor below the spray 
nozzle, thus mixing with the gasoline. This open- 
ing can be at the bottom or the side of the carburetor. 

When an auxiliary air valve is used, it is usually 
placed so that air is drawn above the spray nozzle 
and thus combines with the mixture of gasoline and 
ae Many carburetors do not have auxiliary air 
valves. 


CARBURETOR 


chamber of the carburetor, the float rises and the 
needle valve shuts off the further entrance of the 
fluid into the carburetor. 


When the engine is running and using gasoline, 
the float in the carburetor is continually falling and 
rising slightly, always maintaining the approximate 
gasoline level in the float. chamber. 


There are many types of floats and float mechan- 
isms, as will be seen in the illustrations of various 
carburetors in this instruction. By referring to 
Figs. 6, 7, and 8, the reader will observe several 
floats (T) and float needle-valve (V) arrangements. 


Gasoline leaking into the float would increase its 
weight, thereby changing the proper gasoline level 
in the spray nozzle and causing the carburetor to 
flood and would thus give too rich a mixture. 


Float Needle Valve 


Float needle valve: The part V (Figs. 6, 7, and 8) 
explains how the float causes the float needle valve 
(V) to close the opening at the gasoline supply pipe 
(F) when the gasoline has reached the proper level 
in the float chamber, and how it causes the needle 
valve (V) to open the outlet at the end of the pipe 
(F) when the gasoline level is reduced. (C) is the 
opening leading to the spray nozzle. 
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Note that in Fig. 5 the float needle valve is to one 
side of the float. A glance will show how the float 
needle valve would be caused to open when the float 
drops below its level (L) and how it would cause the 
float needle valve to close when at the proper level. 
Adjustment of the height of the float can be made 
by slightly bending the arm (A) (Fig. 5). 

A method of priming, or to supply an increased flow of gaso- 
line at the spray nozzle when starting a cold engine, is some- 
times found by what is termed ‘‘tickling’’ the carburetor, by 
raising the needle-valve rod through the float, as in Fig. 6, 


which projects above the carburetor and usually has a cap 
screwed over it to keep out dirt. 


Another method is to close the main air inlet (Fig. 5), which 
is termed ‘‘choking”’ or “‘strangling’”’ the carburetor, while the 
engine is being cranked. The fact that the air is shut off causes 
an increase of gasoline to be drawn in for the initial charge. 


Dripping of gasoline from the bottom of a carburetor is 
usually due to grit or dirt getting under the float needle valve. 
Thus, when engine stops, instead of the needle valve seating 
properly and cutting off the gasoline supply from the supply 
pipe (F), it overflows at the spray nozzle and drips out of the 
main air inlet. 


Remedy: By working the float needle valve up and down in 
its seat, which can be done by means of the rod above the 
carburetor float chamber (Fig. 6), or by unscrewing the cap 
(Fig. 5), the grit will very likely be removed. If this does not 
remedy the dripping, then the float should be readjusted, or 
possibly a new float needle valve is required. 


Gasoline Needle Valve 


The gasoline needle valve controls the flow of the 
gasoline to the spray nozzle, and the correct adjust- 
ment of it is necessary for the operation of the car- 
buretor. It is also called the “gasoline adjusting 
screw” (see Fig. 5). Don’t confuse this needle valve 
with the “float needle valve.” 


The regulation of this gasoline needle valve is 
very important and likewise very sensitive. After 
the carburetor is once adjusted by regulating the 
auxiliary air valve and the opening of this gasoline 
needle adjustment valve, the slightest turn one way 
or the other of this valve will make a difference in 
the running of the engine. 


Types of gasoline needle valves are as follows: 
1. Hand operated, as in Fig. 5. 
2. Mechanically operated, by movement of a throt- 


tle through a cam arrangement by hand (treated 
farther on). 


3. Automatically mechanically operated, by action 
of the auxiliary air valve, called a “metering pin” 
(explained farther on). 


A main air inlet is on all carburetors, and, quite 
often, an auxiliary air valve also. 


Auxiliary Air Valve 


_ Auxiliary air inlet valve: The greatest difference 
in the air type of carburetor is in the construction, 
position, and action of the auxiliary air inlet, dis- 
cussed farther on. 


The auxiliary air valve is controlled automatically 
by the vacuum created by the engine piston, which 
draws air through the auxiliary air intake against a 
spring tension; for instance, see the auxiliary air 
intake in the carburetor shown in Fig. 5, page 97, 
the opening being controlled by the tension of a 
spring. 


The air-valve spring: The weaker the spring the 
less vacuum it will take to draw the valve open, and 
it may be adjusted by means of a threaded sleeve 
(as in Fig. 5 and in various other ways). 


7 The Stronger the spring, the less air, hence a 
richer” mixture. The weaker the spring, the more 
air, and hence a ‘‘leaner” mixture. 


Another method for automatically opening and 
closing the auxiliary air intake is shown in Fig. 9. 
Note the action of the ball (L). _ Instead of a valve 
and a spring, balls are utilized instead. This car- 
buretor is the Kingston air-valve type, with an 
auxiliary air inlet. Instead of using a spring to 
control the amount of air drawn into and through 
the auxiliary air valve, balls are used. 


The gasoline needle valve is adjusted by hand. 
The float is concentric. Note the Venturi mixing 
tube. Another air-valve type of carburetor, with 
an auxiliary air valve controlled by one large ball 
placed in the main air inlet pipe of the carburetor is 
shown farther on. ~ 


Fig. 9. Kingston air-valve type of carburetor. Note the 
balls in the auxiliary air valve which control the quantity of 
air entering the auxiliary air valve. Parts: A, main air inlet; 
D, outlet of mixture to engine; E, butterfly throttle valve; 
G, auxiliary air inlet; L, balls which rise as the suction increases 
or as the speed of the engine increases, thus admitting more air; 
V, gasoline needle valve; X, hand adjustment of needle valve; 
W, butterfly throttle lever connects with steering-wheel throttle 
lever; N, Venturi mixing tube. 

The float is a cork float and concentric to the mixing cham- 
ber. S is an’ arm connected with the float needle valve, R. 
As the float rises, the arm forces the needle (R) to seat. 


Explanation of the Venturi Action 


If two buckets are placed side by side, both filled 
with water, with a one-inch opening cut in the bot- 
tom of each, one with a plain opening (A), as in Fig. 
10, and the other with a “Venturi” opening (B), as 
in Fig. 11, the same volume of water would flow out 
of the Venturi one-inch opening in Fig. 11 more 
quickly than through the plain one-inch opening 
in Fig. 10, 


Note the shape of the Venturi opening (B), in Fig. 
11, then note a similar shaped tube in the mixing 


chamber in Fig. 9, where the arrow-points lead 
from (N). 


The Venturi tube around the spray nozzle in the 
mixing chamber, is used in almost all makes of 
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carburetors. The principle and purpose of the 
Venturi tube around the spray nozzle is to obtain a 
greater volume of air through a predetermined sized 
opening in quicker time. Another purpose of the 
Venturi tube is that the lowest pressure of the 
inrushing air will be at a point where it will cause 
the greatest suction in the spray nozzle. 


Spray Nozzles or Jets 


Spray nozzle: The fuel is discharged into the 
mixing chamber through the spray nozzle (also 
called ‘jet tube’). As its name implies, it is in- 
tended to deliver the liquid in the form of a fine 
spray, which is: (1) vaporized more or less; (2) 
mixed witn the entering air, and (8) carried by the 
suction into the engine cylinder. The simplest 
form of spray nozzle is one having a single opening, 
as shown in Fig. 5 (page 97). 


Fig. 12 


Some carburetors have two spray nozzles or jet 
tubes, as shown in Fig. 12. Another type has what 
is called a “multiple jet”’ spray nozzle. 


When a carburetor has more than one jet, it is 
particularly adapted to a multiple of cylinders of 
large size, and especially to six-cylinder engines. 


The mixing chamber consists of an enclosure or 
passageway containing the nozzle. The gasoline 
and air are mixed within this tube in proper propor- 
tions and then drawn through the throttle into the 
engine. 

Throttle Valves 


There are three types of throitle valves: the 
butterfly, the rotary and the sliding. 


butterfly throttle valve rotary throttle valve 


Fig. 13. The throttle is placed in the mixture outlet, and the 


t is shown is called a ‘‘butterfly valve.”’ Tt is a disk of 
ae eee on pivots, so that it acts like the damper of a 
stove pipe. When wide open, the butterfly valve is edgeways 
- to the flow of the mixture, but even in this position it Bene 
resistance to the flow, which is something that should be avoided. 


Fig. 14, The rotary type of valve. The passage of gas 
from jet to intake manifold through passage (P) is controlled 
by a rotary cylinder (R). It is now shown full open, but by 
moving throttle lever (L), it can be closed or partially opened 
as desired. 

The butterfly throttle valve is the type of throttle 
used on almost all makes of carburetors. This type 
of throttle is shown in Figs. 13 and 9. The mechan- 
ism and method for controlling the throttle is shown 
in Fig. 11, page 33 and in Fig. 16, this page. 

The “rotary” or “barrel” throttle valve (Fig.14), 
presents no resistance whatever. 


The sliding throttle valve is another type which 
presents no resistance to the flow of gas. ‘This type 
is now practically obsolete, although it was formerly 
used quite extensively when governors were used. 


SLIDING THROTTLE 


eS Seva «, 


Fig. 15. The sliding throttle valve consists of a cylinder- 
type of throttle, but instead of being rotated, it is moved in or 
out of its passage, which controls the amount of gas passing 
to the intake manifold. As it is moved out, additional air is 
admitted through port holes. This type was the type formerly 
used with a governor, 


Engine Speed; How Controlled 


The method for controlling the speed of an auto- 
mobile engine is by opening and closing the throttle 
valve on the carburetor by the hand throttle lever 
or foot accelerator. 


A rod leading from the throttle lever on the 
throttle valve connects with a hand lever on the 
steering wheel. The driver then has the speed of 
the engine under his control at all times. 


When running on a level and if more speed is 
desired, the throttle is opened by the throttle lever 
until the required speed is obtained. By closing 
the throttle, the speed is decreased. 


Idling 


The throttle valve is never entirely closed; the 
lock screw prevents the throttle from closing 
entirely. Therefore the engine will run slow, or 
‘Gdle,”’ as it is called, when the throttle valve lever 
on the steering wheel is closed and the car standing. 
To stop the engine entirely, throw off the ignition 
switch. 

The Accelerator 


This is the usual means for controlling the speed 
of the engine. 


ACCELERATOR 


PEDAL Ne 
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The accelerator consists of a foot pedal which 
opens and closes the carburetor throttle valve inde- 
pendently of the hand-throttle lever. By referring 
to the illustration (Fig. 16), it will be noted that the 
accelerator will operate the throttle of the carbure- 
tor without moving the hand-throttle lever, by an 
arrangement as shown. When the foot-accelerator 
pedal is depressed, the rod (F) moves against a 
shoulder which is fastened to the throttle shaft. 
The end of the shaft (T) works free in a turnbuckle 
(P). Thus the throttle can be opened without dis- 
turbing the hand lever, or the hand lever can be 
operated without moving the foot pedal. The 
accelerator is used more than the hand-throttle 
lever. Its purpose is the same as the hand-throttle 
lever on the steering wheel: to open and close the 
throttle valve. 


Accelerator 
foot pedal 
. Sy 


i—Steering wheel 
2—Spark advance lever 
3—Hand throttle lever 
4—Air adjusting collar 
7—Accelerator pedal 


15—Lock ring for No. 
14, 


16—Steering worm 
17—Worm wheel 
18—Spark advance 


8—Outer casing mechanism 
9—Steering: shaft 19—Hand throttle 
10—Quadrant ‘bracket mechanism 

tube 20—Steering- worm 
11—Throttle tube housing 


12—Spark advance tube 

i3—Steering column 
bracket 

14—Adjusting ring for 


21—Carburetor air ad- 
justing rod 

22—Grease plug worm 
ear housing 


roller bearings 23—Inlet pipe to cyl- 
inders 


Fig. 17 illustrates the relation of the accelerator connections 
to the spark lever and its controls on the steering device. The 
Locomobile is shown as an example. 


CARBURETOR 


Despite tremendous advancement made in inter- 
nal-combustion engines during recent years, original 
methods of carburetion are still—broadly speaking 
—in practice. 


The carburetor is still a comparatively primitive 
instrument, depending upon the suction of the 
piston during its descent on the inlet stroke to draw 
from a jet (spray nozzle) or jets—variable or other- 
wise—the necessary gasoline to mix with the air. 


This jet can be of a fixed size or it can be variable 
in size. This spray of gasoline is at the mercy of 
the temperature, valve timing, exhaust, inlet, and 
combustion-head design. 


_Carburetors, as we know them at the present 
time, are divided into five classes: 


(1) Air-valve type. In this the fuel issues through 
a fixed orifice and the additional air required when 
the throttle is opened is admitted through an auxili- 
ary air valve. 


(2) Compensating-jet type. In this an auxiliary 
fuel jet comes into action as the throttle is opened. 
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When pressed downward for increase, or released 
for decrease of speed, its action 1s instantaneous. 
When the accelerator is released, the engine immedi- 
ately resumes the speed determined by the positions 
of the hand lever on the steering wheel. Although 
either the hand-throttle lever or the accelerator 
may be used to control the speed of the car, the use 
of the hand lever is advised for beginners. After 
confidence in driving has been gained, the more deli- 
cate action of the accelerator will be preferred. 


The word “accelerate” means “to hasten.’’ The 
term, therefore, is applicable here because it is 
quicker to operate throttling. 


The Governor 


There are no pleasure cars using the governor. 
Nearly all truck, tractor, marine and stationary 
engines use governors. See Index under ‘Gover- 
nors.” One governor, which is a “throttling” type, 
is the centrifugal ball type illustrated in Fig. 18A, the 
principle of which, is, no doubt, familiar to all. The 
“sliding”’ throttle in the carburetor is actuated by 
the movement of the sleeve controlled by the balls 
(B). The balls fly out as the speed increases, caus- 
ing the throttle to close. Another principle is that 
of the “hit and miss type.” 


SLIDING 
THROTTLE 


Fig. 18A 


The governor formerly used on the Packard was termed a 
“hydraulic” governor of the diaphragm type, located directly 
above the water pump. It was operated by the pressure of 
the water in the water circulation system and consisted of a 
circular chamber divided by a flexible diaphragm of leather 
and rubber. On one side of the diaphragm was a water space 
through which the water of the circulating system passed. On 
the other side was an air space and a plunger head against which 
the diaphragm pressed. The plunger was directly connected 
with the throttle valve (Fig. 18). 


PRINCIPLES 


(3) Metering-pin type. In this the size of the 
gasoline orifice (jet) is increased automatically to 
increase the flow of fuel as the throttle is opened. 


(4) Expanding type. In this there are a number 
of fixed orifices which come into action one after the 
other as the throttle is opened. 


(5) The “plain tube” or “pitot’? principle. A 
modern principle now being adopted extensively. 
The metering pins, dash pots, and auxiliary air 
valves are dispensed with. It derives its name, 
“plain tube,” from the fact that both the air passage 
and the gasoline jet are of fixed size for all engine 
speeds. The action is to supply an increased sup- 
ply of gasoline or rich mixture for acceleration and 
then to thin down to an economic mixture for 
normal engine speed. 


Air-Valve Principle 


The air-valve principle of the carburetor is the 
type previously shown in Fig. 3, page 96. In this 
type (see also Fig. 19), it is only possible to adjust 
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the amount of gasoline flowing to the spray nozzle. 
It is therefore only suitable for engines which run at 
a steady, constant speed, as previously explained. 


Fig. 19 Fig. 20 


The engine of an automobile, however, does not 
run at a steady speed; sometimes it is running fast 
and sometimes slow. 


The speed of the air current passing through the 
carburetor depends on the speed of the engine; when 
the engine is running fast the speed of the air current 
through the carburetor is much greater than when 
the engine is running slow. 


The greater the speed of the air current, the more 
gasoline it will suck out of the spray nozzle, and the 
adjustment of the gasoline flow that will give a 
correct mixture at a low speed will give a rich mix- 
ture when the air current moves at a higher speed. 
For this reason the air supply must also be varied 
in order to give a more Combustible mixture. 


Auxiliary Air Valve 


To vary the air supply, different methods are used, 
but the one used most is the auxiliary air valve, 
and this is where the “air-valve type” carburetor 
derives its name (see Fig. 20). 


The auxiliary air valve was designed for engines 
which run at changing speeds, so that an extra sup- 
ply of air is admitted when the air current flows so 
fast that it would result in too rich a mixture. 


The disadvantage of this type is that owing to the 
relieving action of the spring valve, it does not 
increase the proportion in proper ratio, and is 
hardly suitable for the present-day high-speed flex- 
ible engine. 


There are several different models now manufac- 
tured, based on the principle of the auxiliary air 
valve only. In these, the problem is worked out 
in different ways; one manufacturer uses a “spring- 
controlled valve”; another hopes to get better 
results by regulating the movement of the valve by 
‘two springs,” instead of one; still another maker 
adds an “air dashpot’’ with the hope of getting finer 
regulation and a better functioning of the auxiliary 
air valve; another uses a ‘“‘dashpot filled with gaso- 
line’; and there are others who use metal ‘balls’ 
to serve as the auxiliary valve, while others use what 
are known as “weighted air valves,’’ in which the 
suction lifts balls, thus admitting the air which 
sweeps over the spray nozzle. While they all differ 
in the details of working out the design, all are, 
nevertheless, based on the basic principle of the 
auxiliary air valve as originally worked out, and 
shown. in Fig. 4, and in Fig. 20 above. For 
simplicity in nomenclature we shall refer to this 
type as the auxilary air valve type. 


Relation of Acceleration to Gasoline 
Consumption 


The rapid advance of high-speed and multiple- 
eylinder engines demands “quicker acceleration, 
meaning quicker “get away” or “pick up” of the 
engine. 
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Flexibility of control means practically the same 
thing, 1.e., the capabilities of the engine to “pick 
up” from low to high speed and vice-versa. Rapid 
“acceleration” and “flexibility,” both call for a sud- 
den greater amount or percentage of gasoline to air. 
Quick acceleration therefore demands a surplus of 
gasoline for but a brief period, after which the nor- 
mal supply will care for the engine. It may be but 
a matter of a few seconds, yet it is of importance 
that this additional supply be ready and in available 
form for that brief period. 


To meet the sudden demand for gasoline, the 
added nozzle, or multiple jet has been introduced 
by some makers, so that when the suddenly opened 
throttle brings the auxiliary air valve into use, the 
valve in turn brings more gasoline into the mixture 
by opening the gasoline needle valve wider. This 
is termed the ‘‘metering pin” method. One maker 
does this by a ‘“‘dashpot” on the auxiliary valve 
stem, the dash pot performing a regular pump stroke 
and forcing gasoline into the mixing chamber by 
way of a separate nozzle as the auxiliary air valve 
opens. Once open, the pumping action ceases, but 
the nozzle remains open for a more even demand 
for more fuel. 


Proportion of air and gas: All of these methods 
of providing ‘‘acceleration” are based on the ac- 
cepted belief that in carburetion, different mixtures 
of air and gasoline vapor are needed for different 
engine requirements. ‘The days are past when the 
uniform-mixture argument dominated, the argu- 
ment that the ideal carburetor was one that would 
give, say, a mixture of fifteen proportions of air to 
one of gasoline vapor for all speeds, “acceleration,” 
“hard pulling” with open throttle, and high-speed 
work with open throttle, etc., etc. The new rule 
is that the amount of gasoline fed into the air 
volume must be changed according to demands. 
Thus a twelve-to-one or “rich” mixture might be 
best for quick acceleration; a fifteen-to-one or 
‘Jeaner” mixture may be best for pulling with the 
throttle wide open; and a seventeen-to-one, or 
still “leaner” mixture may be desirable for particu- 
larly high-speed work. ‘Therefore a “varying mix- 
ture” must be supplied. 


The Compensating-Jet Principle 


The compensating jet type of carburetor is where 
an auxiliary fuel jet comes into action, as the throttle 
is opened. Types of carburetors coming under this 
heading would be the Zenith; the Stromberg model 
“FH” and the Marvel (see Index). 


The Metering-Pin Principle 


In the metering-pin type the size of the gasoline 
orifice, or jet, is increased automatically to increase 
the flow of fuel as the throttle is opened. In other 
words, as the throttle is opened, the metering pin 
(P, Figs. 21, 22, 23), which is similar to a gasoline 
needle valve, is moved so as to permit more gasoline 
to flow throught the spray nozzle or jet (J). Thus, 
instead of the gasoline needle valve (metering pin), 
being adjusted by hand, it is automatically adjusted 
by the speed of the engine, thereby permitting more 
or less gasoline to flow as the speed increases or 
decreases. This principle is called the “metering 
pin” principle, also the “oneumatic” principle, when 
operation is by air control. 

Various methods are employed to operate this 
needle valve or metering pin as follows: , 

On the Schebler model “L”’ (Fig. 21), the meter- 
ing pin (P) is connected with the carburetor throttle 
lever in such a manner that the metering pin (gaso- 
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Fig. 21. Schebler model “L.”’ Metering pin controlled 
mechanically. 


Fig. 22. Schebler model “‘T.’”” Metering pin controlled by 
auxiliary air valve. 


Fig. 23. Stewart model metering pin controlled by air 
suction, , 


line needle-valve) is raised as the throttle is opened. 
See Index under ‘‘Schebler carburetors.” 


On the Schebler model “‘T”’ (Fig. 22), the meter- 
ing pin (P) is connected to and controlled by the 
auxiliary air valve. As the throttle is opened, the 
speed of the engine increases, the suction becomes 
greater, and the air valve (AV) is sucked downwards, 
causing the metering pin (P) to give a greater open- 
ing at jet (J), thus admitting more gasoline. 


On the Stewart carburetor (Fig. 23), the metering 
pin (D) is controlled by air suction. As the throttle 
is opened the suction becoming greater, the metering 
valve (A) (part in black) rises, enlarging the opening 
at the metering pin (D) and drawing more gasoline 
through jet (J). At the same time more air is 
drawn around the valve seat (B). A ratchet (R) is 
connected with a control on the dash for the purpose 
of enlarging the opening at the metering pin, so as 
to obtain a rich mixture when starting. 


Example of a Carburetor with Both a Metering 
Pin and Dash Pot 


The Rayfield uses a “metering pin,’ which is 
lifted as the throttle opens in the main jet (N) (Fig. 
24), through a link arrangement, which establishes 
a right for it to be classified as a metering pin type. 
But it goes farther. It incorporates an auxiliary 
nozzle (AN) which also has a metering pin that is 
depressed when the auxiliary air valve opens. 
Thus, by having two distinct nozzles it establishes 
its right also to be classified as an expanding type of 
instrument. 


METERING 


_Fig. 24. The Rayfield carburetor principle with ‘‘meterin, 
pin” connected with the throttle and “dash pot,” with UME 


_But'the Rayfield goes still farther, in that it com- 
bines a pumping action on the gasoline in the 
. auxiliary nozzle (AN) whereby a very rich mixture 

is furnished for acceleration whenever the air valve 


is suddenly opened. This is accomplished by the: 
piston on the lower end of the air-valve stem work- 
ing in a “dashpot” filled with gasoline. Gasoline 
enters the dashpot above the piston and is admitted 
to the space below the piston by the disk valve in the 
piston. When the air valve suddenly opens, forcing 
the piston downward, this disk valve is automati- 
cally closed, forcing or pumping the gasoline upward 
through the dotted fuel passage into the nozzle 
(AN), where it is sprayed into the inrushing air. 
Only when the valve opens is this pumping function 
occurring; at other times the gasoline issues through 
this auxiliary nozzle according to the suction of the 
engine. Thus the Rayfield is a compound of two 
metering pins in conjunction with the pumping 
function for acceleration. 


Expanding Principle 


In the expanding principle, there are a number of 
fixed orifices which come into action, one after the 
other, as the throttle is opened. Types of this class 
of carburetors are shown in Fig. 25 and in the 
description of the ‘‘Master’” carburetor (see Index). 


Fig. 25. The multiple jets of the Master carburetor. 
The Pitot or Plain-Tube Principle 


The “Pitot” or “plain tube” type of carburetor 
differs from other principles. It is the principle 
now being used to a considerable extent, and derives 
its action as well as its name from a Pitot tube. 


A Pitot tube is a very old instrument for measuring 
velocities of flowing streams of water, invented by 
Henri Pitot in 1730. It consisted of a vertical glass 
tube with a right-angled bend as shown at (E). 


SURFACE 


The impact of the flowing water against the open 
end (F) of tube (E) caused a column to rise above 
the surface of the stream as at (A), and by this small 
difference in height, the velocity of the stream was 
calculated. A similar principle, but to provide air, 
is embodied in the carburetor using this principle. 


_ The Pitot tube is also used for measuring pressure 
in moving streams of gas or liquids. It can be used 
facing in any direction, but, as applied to the car- 
buretor, faces down stream. 


_ The Pitot tube has been used for years for measur- 
ing fire streams, chimney drafts, ete. In the car- 
buretor it is simply used to provide air at sufficient 
pressure to force the fuel from the well to be enclosed 
in the carburetor. 


_ The Pitot function as applied to a carburetor is 
simply to provide air at sufficient pressure to force 
the fuel from a well inclosed in the carburetor. The 
intake of the Pitot tube is inside the carburetor 
where the air pressure is quite low, but, owing to 
the Pitot action explained above, the pressure of the 
air delivered to the well from (A) is increased so that 
it is about as high as the pressure of the atmosphere. 


See Index for explanation of a “plain tube”’ car- 
buretor, 


GASOLINE 
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GASOLINE: PRIMING METHODS; HEATING METHODS; VAPORIZING GASOLINE 


_ Before taking up the subject of various construc- 
tions and adjustments of carburetors, we shall first 
deal with the subject of gasoline, vaporizing gasoline, 
and fuel-feed methods. 


Gasoline 


The usual fuel for automobile engines is gasoline. 
Gasoline is distilled from mineral oil (petroleum). 


When petroleum is heated, it gives off gases, just 
as water, when heated, gives off steam. When 
these gases are cooled, they become liquids, and are 
called gasoline, kerosene, benzine, naptha, ete. 


The chief difference between them is their ‘“‘vola- 
tility.” When a liquid turns to vapor, or gas, it is 
said to be ‘‘volatile.”? Gasoline should be very 
volatile in order to insure easy and prompt starting, 
and to furnish power. 


Temperature makes a great difference in the vola- 
tility of liquids; for instance, thick, heavy oil is not, 
volatile at the ordinary temperature of the atmos- 
sphere, but is volatile when heated. 


Gasoline is very volatile at the ordinary tempera- 
ture of the atmosphere. It is so volatile that it 
must be kept in air-tight.tanks, for it would entirely 
evaporate if left exposed to the air. Because of 
this volatility, gasoline must be handled with care 
to prevent fires and explosions. It should never 
be handled near an open flame. 


A low grade of gasoline will produce poor results 
in any carburetor. Difficulty in starting is the 
main disadvantage in its use, as it is not as volatile 
as a high-gravity gasoline. 


Inferior, or too much gasoline is generally indi-. 


cated by a black smoky exhaust and a disagreeable 
odor. When a low-gravity gasoline is used some 
effective method for vaporizing it must be employed. 
A test by hand: To ascertain how near kerosene you are 
getting, pour a little gasoline in the hand. When it evaporates 
slowly and leaves a greasy deposit, it is of a very low grade. 
When it evaporates rapidly and leaves the hand ary and clean, 
it is of a higher grade. ‘This furnishes a fairly reliable test. 


Testing gasoline with a hydrometer was the method used 
a few years ago. It is used as follows: Fill the glass tube with 
gasoline, and insert the hydrometer, which will float. The 
gravity of the gasoline is determined by the depth the hydrom- 
eter sinks in it. A scale is graduated on the upper portion 
of the hydrometer and the level of gasoline indicates the specific 
gravity. The scale usually runs from 60 to 80. Gasoline 
under 60 test ought not be used. It averages about 64 to 68, 
and the better grade is 72. 


Gravity is no longer an accurate test of the merits 
of the fluid, the only really accurate test being from 
a maximum and minimum boiling-point. It is, of 
course, not practical for the average owner to make 
such tests, and the best rule is to purchase from a 
reliable distributor, who handles gasoline manu- 
factured by responsible distillers. 


Most of the gasoline today sold for motor-car use 
differs from that of several years ago in that it 1s not 
all of one grade, but is a compound or blend of the 
different petroleum elements; some of it being very 
light and volatile, while about one-fourth of it may 
have a boiling point higher than that of water, and 
is correspondingly difficult to convert into a vapor. 


Gasoline of 56° to 64° Baume paraffine base is 
used almost universally in the United States east 
of the Rocky Mountains. Fuels of lighter gravity 
are also produced from asphalt base petroleum. In 
certain sections of the country gasolines of very low 
grade have recently been introduced, one-half being 
actual kerosene. With this fuel and the ordinary 


intake manifold it is almost impossible to make an 
engine operate properly either at closed or open 
throttle, unless the radiator is covered up and the 
cooling water is brought to a temperature of 160° 
to 180° F. 


To use this fuel it is necessary that the whole 
carburetor and intake manifold system be thor- 
oughly heated. Without this heat the carburetor 
setting will have to be changed and made richer 
than necessary, while the extra heavy part of the 
fuel, not vaporized, will burn slowly in the cylinder, 
forming carbon, and sooting up spark plugs, etc. 


There is, of course, a period of time just after 
starting the engine cold, when the rich mixture will 
be necessary (and can be furnished by the dash con- 
trol), but the control should be released as soon as 
the engine becomes warm. 


It is also advisable, while the engine is cold, to 
avoid opening the throttle full, as the fuel vaporizes 
much more readily in the suction or partial vacuum 
which exists in the manifold while the throttle is 
partly or completely closed. 


In very cold weather it is advisable, instead of 
readjusting the carburetor or using the dash control 
continuously, to cover part of the radiator surface, 
so that the normal temperature is maintained under 
the hood. 


In some parts of the country there is so great a 
range in the constituents of the gasoline sold that 
the lighter or more volatile fractions may, in warm 
weather, boil in the carburetor, under normal opera- 
tion of the ear. In this case, the hot-air supply to 
the carburetor may be disconnected, while care 
should be taken that the gasoline supply line from 
the tank to the carburetor does not approach the 
exhaust pipe, cylinder walls, or other heating influ- 
ence. 


If the gasoline should catch fire, do not try to put 
it out with water, for as the gasoline will float on 
water, it will only spread the flames. Damp sand, 
flour, or a wet blanket will smother the fire. 


Low and High-Gravity Gasoline 


The proper gravity of gasoline to use is governed 
by conditions. In the summer a low gravity vapor- 
izes much more easily than in the winter; therefore 
the engine starts easier. 


A great many claim that the low gravity gives 
results as good as or better than high-gravity. Prob- 
ably it does, as there are more heat units per gallon, 
but as a matter of easy starting and absence from 
carbon deposit, the high gravity is preferable, unless 
the carburetor has been properly adjusted, and 
priming and heating methods are provided. 


With the high gravity we have a high “flame” 
rate (mixture burns rapidly), whereas, with the low 
gravity, we get a higher combustion heat, but slower 
“fame” rate. With a high flame rate the mixture 
burns rapidly—pressure rises quickly and imparts 
a powerful push at the commencement of the stroke, 
but falls away equally quickly as the stroke pro- 
eresses. 


With low-gravity gasoline, the reverse occurs. 
The explosion generates slowly and does not impart 
a violent shock, but with a retarded flame rate, and 
the pressure predominates through a much greater 
proportion of the stroke. The results are obvious. 
With high speed, as in racing, the high gravity is 
best. For medium speeds, where steam-engine-like 
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power is required, combined with fuel economy, low 
gravity is best—providing the carburetor has been 
readjusted for the low-gravity fuel and proper heat- 
ing arrangements are provided. 


Owing to the great amount of carbon in low-grav- 
ity gasoline it is very necessary that the carburetor 
be properly adjusted. 


The starting will be more difficult with low 
gravity, but with the use of a primer and a hot-air 
arrangement, this trouble can be overcome. 


Tt is a well-known fact that an engine, especially 
an old one with loose bearings and slack pistons, 
will run much more quietly on low-gravity gasoline. 
This is due to the slow flame rate; the pressure is 
gradual on the piston head and presses rather than 
slams. 


How Unvaporized Gasoline Thins the 
Lubricating Oil 


Gasoline vapor that is not completely consumed 
in the engine does one of three things: it either 
passes out into the exhaust in an unburned state 
and is wasted, is deposited in the form of carbon 
within the cylinder, or condenses and runs down 
past the pistons into the crank case. 


The first of these is the most direct loss, but the 
other two are equally important in the longrun. A 
carbonized engine is of itself inefficient. Carbon 
makes the engine miss, makes it overheat and pre- 
ignite. All of these things are sure to shorten the 
life of the engine. 


When the unburned fuel runs down past the 
piston, it destroys the seal between piston rings and 
cylinder, removes the oil film which is to protect the 
surface of the cylinder, piston, cam, and crank shaft 
bearings from friction and wear, and, lastly, dilutes 
the lubricating oil in the crank case to such an 
extent that in time it becomes worthless. 


Manufacturers are advising now that the crank 
case be drained even more frequently than ever 
before for this very reason. As cold weather 
approaches, the necessity for frequently refilling 
completely with new oil will become more impera- 
tive. Hither the motorist is forced to drain out 
his oil and refill with fresh at an increased outlay, 
or he must suffer the consequences of an engine 
damaged by insufficient lubrication. 


Starting Engine 


Remember, when you start an engine by closing 
the air intake and thus choking off the air, that 
pure raw gasoline is being drawn into the cylinder. 
For this reason, a heating method of some sort 
should be attached to every carburetor, so that the 
gasoline will become heated and vaporized as 
quickly as possible, thus avoiding the use of the 
choker for any length of time. : 


Priming Methods 


On a cold morning, after the engine and all parts 
have become chilled, we find that the ordinary grade 
of gasoline now in use does not vaporize readily until 
it 1s heated. Considerable cranking of the engine 
is Sometimes necessary in order to ignite the cold, 
damp, unvaporized gasoline. 


There are several methods of overcoming this; 
one being to use a higher grade of gasoline. But 
even with the higher grade, which is difficult to 
obtain, on a really cold day the starting will be 
somewhat difficult with some makes of carburetors. 
For these reasons, priming, by injecting raw gas- 
oline into the cylinder, is necessary. 
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Examples of various priming methods are ex- 
explained in Figs. 1-6: 


AUXILAAY 
AR INTAKE 


PET 


Fig. 1. Method of priming by depressing float, thus opening 
the float needle valve, and providing an excess of gasoline to be 
drawn into cylinder. 


Fig. 2. A damper is provided in the main air-intake pipe. 
When closed, the suction provides more gasoline than air. 
Sometimes the tension of the spring on the auxiliary air valve 
is regulated from the dash or steering post. 


Fig. 3. Priming the carburetor by opening the gasoline 
needle valve. This method is not advisable, however, because 
the adjustment valve is a very sensitively adjusted part of the 
carburetor, and will upset the proper working of the carburetor 
after the engine is heated up. If this method is employed, be 
sure to mark a notch on the head of the valve, so that it can 
be turned back to its original adjusted position. 


Fig. 4. Priming with gasoline through priming cups. 


Fig. 5. The oil-can primer, where gasoline is injected into 
ie intake manifold. Simple and effective when other methods 
ail. 


Fig. 6. The spray primer; a small injector pump. The 
suction part of the pump is connected to the gasoline supply 
pipe between the tank and carburetor. The other part con- 
nects to the intake manifold; one stroke of the plunger sprays 


’a charge into the manifold. The Imperial Brass Co., of Chi- 


cago, manufactures a pump primer of this type, as also does 
the Bay State Pump Co., 102 Purchase St., Boston. 


When an engine fails to start during cold weather 
and you are positive there is a good hot spark, an 
effective method is to pour boiling water over the 
carburetor and inlet pipe. A resort to the “ehoker”’ 
or “damper” principle, however, usually results in 
starting the engine. 


The “damper’’ or “choke”? method is shown in 
Fig. 7. Instead of lowering the float, the air intake 
is closed. This causes an increased suction of 
gasoline and is called “choking” the air supply. 


Too much priming, however, will fill the float 
chamber so full, that gasoline will run out of the 
spray nozzle, giving a rich mixture, on which the 
engine will not start; it will then be necessary to 
open the switch and close the throttle, and to crank 
the engine a few times to draw in more air. Then 
close the switch and crank again, when the engine 
ought to start if there is a good spark. 


In either method explained, remember that 
a good hot spark must be provided in order to ignite 
this raw gasoline, because it is harder to ignite when 
cold than after it is warmed up. 


_Note. In order to facilitate easy starting next 
time, by hand or motor, it is advisable to open the 
throttle just before stopping the engine, in order to 
draw in a good charge of gas. This is done by 
speeding the engine up with the clutch out, and 
leaves a charge in the cylinder for starting later. 


After the engine is started, some means should be 
employed for heating the gasoline so it will vaporize 
quickly and thus prevent raw gasoline being drawn 
into the cylinder.’ 


VAPORIZING GASOLINE 


Vaporizing Gasoline 


Gasoline gives off more vapor at about 170° Fahr. 
It is the vapor mixed with air which is most desired. 
With the proper mixture there is more uniform 
power and flexibility. 


_ Carbureting means breaking up the gasoline into 
infinitesimally small particles, mechanically, with- 
out heating, which is called “spraying.” This is 
the best method, but is very difficult to accom- 
plish, owing to the different amounts of gasoline 
passing from the spray nozzle, and on account of the 
variation of the throttle, or of the speed. 


Tf a low gravity of gasoline is used, it is necessary 
to heat and vaporize the mixture, because it is prac- 
tically impossible to break it up; but if it is a high- 
gravity gasoline, it generates into gas or vapor more 
quickly. In other words, it is the vapor that we 
must obtain, which is possible with high-gravity 
gasoline. In using high-gravity gasoline, however, 
it must be remembered that it will not stand as much 
heating as low-gravity gasoline, for if too much heat 
is used, it makes the mixture so rare that the actual 
amount of gasoline that goes into the cylinder is so 
small and at such a low flash point, that it ignites 
quicker, and will burn and expand more like powder. 
It will do its work and cool before the piston gets 
well under way. Furthermore the pressure on the 
piston does not last as long. 


Owing to the low-gravity gasoline now being 
used, the mixture is not a true vapor. Instead of 
forming a gaseous mixture, it condenses inside of 
combustion chamber and manifold. Therefore a 
plentiful supply of heat is required. 


As previously stated, the use of low-gravity gaso- 
line requires more heating or vaporizing than a high 
grade. It might be compared with the firing of a 
furnace with soft coal. If soft coal is properly fired 
and is properly mixed with air, it will produce the 
most heat without producing very much smoke. 
Just so with a low grade of gasoline. If properly 
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vaporized, it will work fairly well, otherwise carbon 
deposit and smoke will be the result. 


High-gravity gasoline may be compared with 
hard coal. It is very easy to get the proper mixture 
of air with the high-gravity gasoline, because it is 
so very “volatile’—meaning that there is more 
vapor, and less vaporizing is necessary, and that it 
will “carburet”? more readily. Therefore it will 
work satisfactorily in most any carburetor construc- 
tion. Just so with hard coal. It will burn with 
less smoke and produce an equal amount of heat 
even though you burn it in an open shovel, and 
makes very much less carbon. 


On stationary and high-duty marine engines a 
low gravity fuel is used, as kerosene and oil, but 
before it can be used it must be “vaporized.” 


A correctly heated carburetor runs on less gasoline 
than an unheated one, therefore in such a case a 
closer adjustment of the gasoline needle valve or a 
smaller jet is necessary. 


An engine requires more gasoline in winter than 
in summer, as the gasoline does not vaporize and 
readily mix with the air until warm. 


Heating Methods 


What we desire to heat is the gasoline, so that it 
will vaporize and enter the cylinder in the form of 
gas, or mixed vapor and air instead of raw gasoline 
mixed with air. 

We might classify heating methods under four 
classifications as follows: 


1. Heating the air which is drawn into the air 
intake of the carburetor, and which mixes with 
the gasoline as it is drawn into the cylinder. 

2. Heating the mixture as it is drawn into the 
cylinder. 

3. Heating the air and the mixture. 

4. Heating the carburetor. 
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Heating the Air 


The illustration (Fig. 7) is that of the early model 
“VY? Kingston carburetor, used on the Ford. (See 
the Ford instruction for the later models.) 


The air is taken in at the “air-valve” opening. A 
hot-air pipe is shown connected, which admits warm 
air to be drawn in from around the exhaust pipe. 
This is a good example of how the air is heated 
before being drawn into cylinders. It will be noted 
that there is no auxiliary air valve on this carburetor. 


Priming method: The damper or “choker’’ or 
“primer” method (Fig. 7), for priming or feeding 
the engine more gasoline for starting is operated by 
closing the damper or ‘air valve.’ This is used 
principally during cold weather. 
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Another example of heating the air drawn into the 
carburetor and also a method of admitting cool air 
is shown in Fig. 8. This is practically the same 
principle as in Fig. 7. Hot air is drawn into the 
main air-supply opening of the carburetor. A hot 
air drum, also called a “stove,” is fitted around the 
exhaust pipe, not close, but placed so that air can 
be drawn in where the arrows indicate. <A flexible 
tube then permits the air to flow to the air opening 
of the carburetor. 


A valve is provided, called the “air valve,” also 
called a “damper” or “choker,” which can be opened 
or closed by the “air regulator” lever, usually placed 
on the steering column or dash. This lever operates 
a butterfly type of valve in the air opening of the 
carburetor. 


Choking air supply to start engine: When start- 
ing the engine, this air valve is closed, cutting off 
the air supply to the carburetor and causing an 
increased suction of gasoline to enter the cylinder 
(or an extremely rich mixture). This gives the 
initial priming for starting. Immediately the 
engine is started, the air valve is slightly opened to 
admit air. As the engine becomes warmed up, the 
air valve is opened more and more until fully open, 
or, in other words, to where the engine runs without 
missing or jerking which is common during cold 
weather. It is well known that engines will miss 
when first starting, due to the gasoline particles 
being unevaporated, which, in turn, is due to lack 
of heat. But after the engine is warm, the gasoline 
becomes vaporized and the engine runs without 
missing. The idea is to run on as much air as 
possible at all times. Therefore open the air valve 
to the point where missing will not occur. 


By this method, warm air will be drawn into the 
carburetor whenever the air valve is open. But 
after the engine is thoroughly warm, and especially 
im summer, the air valve is opened more fully, thus 
permitting more air to be drawn in and mixed with 
cool air taken in at the “cold air” opening. 


Temperature regulator: After the engine is well 
warmed up, it ought to have more air, and the more 
air used, the less gasoline required. 
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If warm air is drawn into the carburetor after the 
engine is very hot, then the mixture would be made 
too rare or lean. 


We also know that gas expands in direct propor- 
tion to the degree to which it is heated. Therefore, 
when heated too much, the gas is unduly or pre- 
maturely expanded to such an extent that it loses 
a certain percentage of its energy. Furthermore, 
the piston will draw in a smaller amount of gas 
during each stroke. 


The best degree for general running appears to be 
somewhat below the boiling point of water, i.e., 
between 170° and 200° Fahr. 


Therefore some means of admitting cool air must 
be employed which will mix with the warm air. This 
would be termed a “temperature regulator.” 


Adjustable temperature regulator: It will be 
observed, in Fig. 8, that the cold-air opening is a 
fixed opening and the amount of cold air drawn 
through the air valve is not adjustable. The 
amount of warm air drawn in, however, is governed 
by the air regulator. The arrangement shown in 
Fig. 9 is slightly different. The cold-air opening is 
adjustable. 
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The temperature of the warm air entering the 
carburetor can be regulated by opening the cold-air 
intake, thus permitting cool air to be drawn in. 
The use of this opening is governed more or less by 
the temperature. In summer, the opening is usu- 
ally wide open, but closed more or less during cold 
weather. 


Heating the Carburetor Mixture 


There are various methods employed for heating 
the mixture, as it enters the cylinder, as follows: 


1. The hot-spot method or heating the inlet mani- 

fold by placing it adjoining the exhaust manif old, 

as in Figs. 10 and 11. 

Passing hot exhaust gases through a jacket 

surrounding the inlet manifold (Fig. 12). 

3. By circulating hot water through a jacket 
. around the inlet manifold (Figs. 13 and 14). 

4. By circulating hot water through a jacket 
around the carburetor (Fig. 15). 

5. By passing exhaust gases through a jacket 
around the carburetor (Fig. 16). ; 

By heating the mixture with an electric resist- 

ance (Fig. 17). 2 

7. By a method termed a “‘fuelizer,” as used on 


the Packard (Fig. 18). 


The various methods mentioned above will now 
be illustrated and described. The reader should 
observe, however, that these examples refer to 
“heating the mixture” after the air has been taken 


into the carburetor through the main air inlet 
mixed with the gasoline. & + Ma! air inlet and 


bo 


a 


CARBURETION, HEATING METHODS 


CARBURETER —_— 


Fig. 10. “‘Hot-spot”’ heating of mixture by placing the ex- 
haust manifold adjoining the inlet manifold. Only a part of 
the inlet manifold is heated: the upper part. The idea here 
is to prevent condensation of fuel. The liquid particles, when 
they reach the top of the vertical passage, do not swing to the 
left or right with the gas, but go straight, since they are heavier, 
until they strike the hot spot. 
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Fig. 12 Fig. 13 

Fig. 12. Franklin exhaust method of heating the mixture. 
Note the jacket which encloses the intake manifold through 
which exhaust gas passes. A cut-off is provided when the 
engine becomes very warm. P1 and P2 pipes are left open. 


Fig. 13. Stutz hot-water-heated intake manifold. 
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Fig. 14. Hot-water heating of mixture as employed on the 
Oldsmobile eight-cylinder ‘“‘V’-type engine. Note the hot 
water circulates through a jacket around the inlet manifold. 
This principle is more effective than heat around the carburetor. 
Exhaust gases can be passed through this jacket instead of hot 
water, which will heat the mixture quicker, and is more gener- 
ally. used. f 


Fig. 15. WHot-water heating of carburetor. The usual 
method of connecting the hot water to the carburetor water 
jacket is to connect the upper water connection to the cylinder 
water jacket or pipe, and the lower one to the suction end of 
the pump (between radiator and pump). See that the connec- 
tions are made in such a way that water will drain out of the 
carburetor jacket when the system is drained. Place a shut-off 
cock in the line for use in extremely hot weather. 


Fig. 16. The exhaust 


Exhaust-gas heating of carburetor. 
gases from the exhaust pipe can be carried to the carburetor 
water jacket, by tapping the exhaust pipe and connecting a 


flexible or copper tube to the water jacket. It is advisable to 
use as large a pipe as possible—say 14’, as it has a tendency to 
clog up. The other opening of the water jacket is left open by 
a 3’ or WW’ copper-pipe connection extending to the Jower 
part of the engine for emission of gases. 
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Fig. 17. Heating the priming mixture electrically. A pipe 

connects with gasoline supply. The primer is screwed into 

the inlet manifold. Suction of the piston draws in raw gasoline. 

An electric heating coil connected with the battery heats the 

gasoline used for priming as it passes into the manifold. There 
are various electrical methods for heating. 


Packard ‘‘Fuelizer’’ for Heating Mixture 


The pipe marked “By-Pass” (Fig. 18) carries a 
minute quantity of gas direct from the carburetor 
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to the fuelizer, a small combustion chamber sur- 
rounding the intake manifold. 


& BY-PASS FROM 
CARBURETOR 


MANIFOLD. 


\ COMBUSTION CHAMBER 
sS SURROUNDING INTAKE 


== TO ENGINE 


Se 


‘SUPERHEATED DRY 
MIXTURE 


HOT EXHAUST GASES 
ENTERING INTAKE 
MANIFOLD 


MAIN PASSAGE 
FROM CARBU- USUAL COLD 
RETO? © _ WET MIXTURE 


The gas is ignited by means of an independent 
spark plug in this chamber, as shown, and circulates 
at a very high temperature through the fuelizer 
chamber which surrounds the intake manifold. At 
the bottom of the fuelizer chamber are two small 
holes through which the superheated exhaust of the 
fuelizer enters directly into the main inlet manifold. 


Thus the main inlet manifold temperature is raised 
by direct mixing with the fuelizer exhaust as well as 
from the heat developed in the fuelizer chamber. 

The result is that all gas passing through the main 
manifold is thoroughly dried, sufficiently heated, 
and broken up into a completely combustible fuel. 
Any grade of commercial gasoline, after receiving 
this treatment, explodes without a trace of carbon 
and without depositing lower grade fuels. 


The circulation of gas through the fuelizer pipe 
and chamber is maintained by the same cylinder 
suction which draws gas through the main manifold. 
However, the circulation of gas through the fuelizer 
starts -below the butterfly valve of the carburetor 
and exhausts into the main inlet manifold. 

When the butterfly valve is closed, engine suction 
is very heavy upon the fuelizer; it receives a maxi- 
mum supply of gas and gives off a maximum heat. 

On the other hand, the farther the butterfly valve 
is opened, the less becomes the suction of the engine 
by the way of the fuelizer, because it is easier for the 
engine to suck the gas by way of the main manifold. 
This automatically decreases the heat given off 
by the fuelizer directly in proportion to the decreas- 
ing need of the engine for heat. 


When the engine is being started, or idling, the 
fuelizer is going at maximum. But when the engine 
reaches an ideal combustion heat, because of high- 
speed traveling, or heavy low-gear work, the fuel- 
izer automatically shuts off until it is again needed. 


The Lexi-Gasifier 


The following illustration and explanation is taken 
from the instruction book of the Lexington series “S$”? 
model. The air is not heated, but is drawn in cold. 


Incorporated in the Moore multiple exhaust sys- 
tem manifold is a device that converts all the heavy 
portions of the fuel not vaporized by the carburetor 
into gas, which is taken up by the air stream and 
carried into the engine cylinders to do useful work 
instead of going down the cylinder walls, destroy- 
ing lubrication. All of the highly volatile portion 
of the fuel, in passing through the carburetor, is 
vaporized and is carried by the air stream into the 
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engine cylinders. The heavy portion, or “high-end , 
point,” after passing the throttle valve, is defiected 
into the hot grid back of the manifold, by the bend 
in the pipe immediately above the carburetor. 


The system is so designed that all six of the 
exhausts play on the back of the grid, keeping it 
quite hot. All heavy particles of fuel falling into 
this grid are instantly converted into gas, which 
rises and is carried by the air stream directly into 
the engine cylinders. Its action is similar to pour- 
ing gasoline on a hot stove. 
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Fig. 18A. Lexington gasifier. 


This device is not to be classed with the hot-spot 
manifolds, which heat the carburetor mixture (both 
air and fuel). Heating the air expands it, and 
prevents the cylinders from taking in the maxi- 
mum amount of oxygen units to mix with the fuel, 
thereby weakening the explosions. 


In the Lexi-Gasifier the air passes in almost cold, 
taking with it the gasified fuel, providing the maxi- 
mum oxygen units in a given space for this fuel. 
This excess of oxygen and gasified fuel produces a 
greater pressure in the cylinders, hence more power. 

After all, the power obtained from the internal 
combustion engine is the difference in temperature 
of the incoming mixture and the temperature to 
which we can raise this after burning. 


Cadillac ‘*61”? Carburetor Thermostatically 
Controlled 


_The carburetor on the type “61” Cadillac is pro- 
vided with thermostatic control for the tension on 
the auxiliary air-valve spring and also for regulating 


the effectiveness of the accelerating pump. 6 
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Fig. 18B. The Cadillac carburetor is provided with thermo~« 
static control on the auxiliary air-valve spring and also for 
regulating the effectiveness of the accelerating pump. 
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Referring to Fig. 18B showing a sectional view of the carbu- 
retor, it will be noted that the manual setting for the air valve is 
employed as usual, but superimposed on this manual setting is a 
thermostat which alters the tension of the air-valve spring in 
accordance with temperature requirements. 

_ Ona cold engine thespring tension is increased, thereby causing 
increased resistance to the opening of the auxiliary air valve. 

In warmer weather the effect is the reverse, thus tending to 

make the mixture leaner. 
__ The thermostat on the accelerator pump (not shown in the 
illustration), which is located in the fuel chamber, operates a 
shutter which covers and uncovers a vent, thus increasing the 
effectiveness of the pump when the engine is cold, and decreas- 
ing it when the engine is warm. In other words, when the vent 
is open the accelerator pump has little or no effect, but when it 
is closed the accelerator pump or throttle pump will force gaso- 
line through the spray nozzle, when the throttle is opened 
quickly for acceleration. When the throttle is opened slowly 
the pump has practically no effect on the gasoline. The 
throttle pump is interconnected with the throttle, and its func- 
tion is to force compressed air into the float bowl. When the 
thermostat comes into effect and opens the vent, the air, of 
course, cannot be compressed, and consequently the pump 
operation is materially reduced. 

It is claimed that the introduction of these two thermostats 
et es reduces the warming-up period of the engine. (Motor 

ge. 


Heating the Air and the Mixture 


A combination of heating the mixture and heating 
the air ig shown in Fig. 19. The exhaust manifold 
adjoins the inlet manifold which heats the mixture 
as it enters the cylinders. Warm air is drawn 
around the upper part of the carburetor, admission 
of which is controlled by~a throttle which keeps 
the upper part of the carburetor warm. Warm air 
is drawn in the main air supply which heats the 
air. A temperature regulator, controlled from the 
dash, admits cool air into the main air supply when 
the engine is thoroughly warmed up. 
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For starting, the lower air opening of the carbure- 
tor can be closed entirely, which ‘‘chokes” the air 
and causes gasoline to be drawn into the cylinder 
until the engine starts. This system is used on the 
Nash trucks and is an ideal system. 


Fig. 20. Wilmo exhaust-heated intake manifold, designed 
for Fords and other cars. An example of method for heating 
the mixture just before it passes into the cylinders. The car- 
buretor connects with the lower, or inlet part of the manifold; 
the exhaust is the upper part, with a plate between. By com- 
pletely vaporizing the gasoline, no residue is left to seep into 
the crank case to thin the lubricating oil. The Whittier Co., 
2415 So. Mich. Ave., Chicago, Ill., are the manufacturers, who 
claim for it an increase in mileage on a Ford. 


Remarks on Water and Exhaust Heating 


If the intake manifold is heated with water, the 
temperature is not so liable to cause overheating, as 
the temperature seldom goes above 170° to 200°, 
especially if a thermostatic principle is used. 


When the engine is cold, after standing all night, 
the water does not heat as quickly as if exhaust-gas 
heated, but when the engine is run and warmed up 
and left standing, the water will remain warm for 
some time and will quickly heat again. The water 
is quite often circulated around the carburetor and 
inlet manifold and in connection with a temperature 
regulator and heated air intake. A water heating 
system can be used only with engines using a force 
or pump water-circulating system. 

When the intake manifold is heated by the 
exhaust, the temperature is liable to increase to a 
high degree, if the engine is run continuously for a 
long period. The latter system, however, will heat 
the mixture more quickly than the water system, 
when the engine is cold. Therefore means for 
admitting cool air and some means for cutting off 
the exhaust gases from the manifold jacket ought 
to be provided, especially in case of the long-con- 
tinued running of the engine. 


HOW TO DETERMINE THE SIZE OF CARBURETOR TO USE 


The size of the carburetor should be determined 
by the area of the valve opening on the engine, and 
not by the eylinder displacement, as the former 1s a 
true measure of the engine capacity. A carburetor 
cannot deliver more charge to a cylinder than the 
area of the valve opening will allow to pass. 


A large carburetor with too much passage area 
cannot cause an engine to deliver more power than 
it would with one having a passage equal in area to 
that of the valve opening. Too large a carburetor 
would not only waste fuel, but would reduce the 
power of the engine by furnishing a weak mixture. 


If the carburetor is too sma!l the engine will not 
develop its rated power, as it could not deliver a full 
charge at high speed. 


When a carburetor is small for the engine, it 
becomes very cold while in operation, as the amount 
of heat necessary to effect the vaporization of the 
gasoline is more than is available from the entering 
air or than could be secured through the metal car- 
buretor by conduction. The temperature of the 
metal part of the carburetor becomes so low that 
water condenses on it, and, in some cases, 18 1n the 
form of frost. These results are produced by the 
use of a carburetor too small for the engine. ‘To 


meet these conditions, some makers provide means 
for heating the air supply, as previously shown. 

It follows that the carburetor of proper size should have its 
passage area equal to the valve opening of the engine. In 
multiple-cylinder engines this area is equal to the valve opening 
multiplied by the number of suction strokes which take place 
simultaneously, determined from the sequence of cranks. 


It will spell failure to fit a carburetor with a large jet and 
opening to an engine in which the exhaust closes very early, 
because the surplus gas cannot be expelled as completely as 
with an engine having a very late-closing exhaust valve. 

Carburetor sizes are determined by the opening 
leading to the manifold. ‘These openings are slightly 
larger than the indicated size of the carburetor. 


For example: The opening on_ three different 


makes of carburetors varies as follows: 1-inch: 
Schebler, 1 3/16”; Rayfield, 1/4”; Stromberg, 


1 3/16”; 114 inch: Schebler, 134”; Rayfield, 14"; 
Stromberg, 1 7/16’; 1!4inch: Schebler, 154”; Ray- 
field, 134’’; Stromberg, 1 11/16”. 

In fitting a carburetor to the manifold, the car- 
buretor opening should be slightly smaller and 
never larger than the opening in the intake manifold. 

S.A.E. flange openings are as follows: 1-inch carbu- 
retor has 234” between bolt-hole centers; 1 Vj inch car- 
buretor has 2 11/16’ between bolt-hole centers, 114” 
carburetor has 2 15/16” between bolt-hole centers. 
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GASOLINE TROUBLES 


The tank of a fuel system is always provided 
with a small hole, usually drilled through the filling 
cap, as at (V), Fig. 1, by which air may enter to 
replace the gasoline as it is drawn off. If this hole 
becomes clogged with dirt, the gasoline in flowing 
out will tend to create a vacuum, and the flow will 
stop. 


The outlet pipe should project slightly above the 
bottom of the tank, so that water and dirt may 
settle, and not be carried to the carburetor. A filter 
screen should also be provided. 


A temporary repair for a slight leak in a gasoline 
tank can be made by applying ordinary soap. 
Such a repair may last till the defective part can be 
soldered. Leaks at gasoline taps can generally be 
cured by screwing up the nut securing the tap plug, 
or by grinding in the tap with crocus and oil. 


If gasoline drips from the feed line, examine con- 
nections (A) and if it drips from the carburetor it is 
probably due to the float needle valve failing to seat 
properly. Gasoline leaks are sometimes difficult 
to locate. 
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Fig. 1A 


If gasoline fails to flow to the carburetor, see that 
(V), Fig. 1, is open. If this is open, then examine 
the filter screen at the bottom of the tank. If this 
is open, then remove pipe (B) and blow it out. If 
this is open, then take the carburetor apart and see 
if it is clogged up with waste or sediment. 


Gasoline feed-pipe connections should have spe- 
cial unions. See Index under “Pipe connections.” 
The threads are very fine and can easily be crossed. 
Therefore use every precaution not to “cross- 
thread” when joining a gasoline pipe coupling as at 
(A) as 1A). In (B) the threading is straight and 
correct. 


Gasoline rots rubber rapidly and should not be 
conveyed through a rubber hose, nor should joints 
be packed with rubber. Shellac or soap may be 
used when screwing joints together, as it helps to 
make them tight. 


Draining: The lowest point of the gasoline line 
on a vacuum-feed system is the bottom of the gaso- 
line tank. On a gravity feed system it is at the 
carburetor. A strainer made of brass wire mesh is 
usually at the lowest point, and should occasionally 
be removed and cleaned. 


Water in gasoline is indicated generally when the 
engine runs irregularly and finally stops. This will 
often prevent starting of the engine. Water is 
frequently present in gasoline, and, particularly 
when the tank is low, is liable +o get into the pipes 


and carburetor. The drain cock at the bottom 
should be opened occasionally to let off the water 
and sediment. 


In cold weather, this water is liable to freeze, 
preventing the action of the carburetor parts. Ice 
in the carburetor can be melted only by the applica- 
tion of hot water (or some other non-flaming heat) 
to the outside of the float chamber. 


To prevent water getting into the gasoline and 
freezing during cold weather, thereby clogging the 
flow, strain through a chamois. 


Gasoline ought to be strained. Many carburetor 
troubles would be avoided if more care were taken 
to free gasoline of all dirt before its entrance into 
the tank, and, later, into the carburetor igs 2). 


It is said that static electricity will be generated 
when straining through a funnel and chamois, and 
a spark is liable to ignite the gasoline. If the funnel 
is grounded to the tank this cannot occur. 


Old gasoline left in the carburetor for some 
time, when the car is not in use, will lose its 
strength. If the engine should not start easily, 
then drain the float chamber. 


Stale gasoline: After standing for many days, 
even in a tight tank, gasoline will become dead and 
slow to ignite. This is partly due to evaporation, 
and partly to chemical changes that take place. 


A strainer should be on all gasoline tanks or lines, 
as water and sediments being heavier, always settle 
at the bottom. 


Addresses of carburetor manufacturers, classified 
under the type of carburetor they manufacture, are 
given elsewhere; see Index under “Address of car- 
buretor manufacturers.” For detailed information 
catalogs are of value. 


Broken gasoline pipe can be temporarily repaired 
by wrapping with tape. 


Another method of repairing a broken gasoline 
Pipe is to scrape the tube near the break and to 
wind about 1” of clean copper wire on each side and 
over the break, and then to solder carefully. 


_ Air leaks cause missing. If the engine persists 
Im missing and this is not due to faulty ignition, then 
look for air leaks in the inlet manifold. Examine 
gaskets and see if a crack is in the intake casting — 
providing the trouble is not in the ignition. 


Leaks in the intake pipe gasket area very common 
cause for missing at low speeds. This is best 
detected by letting the engine run at the missing 
speed. Take a squirt-can full of gasoline and squirt 
around all the intake-pipe joints. If you detect 
any difference whatsoever in the Tunning of the 
engine, there is a leak. 
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Fig. 3 


_ Cracked flanges (Fig. 4) can be repaired by hay- 
ing them welded by oxy-acetylene process. See 
Index under “Gaskets,” for the kind of gasket to use. 
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GASOLINE TANK AND GAUGE 


_ The main gasoline tank used on the Studebaker 
six is shown in Fig. 5. Note the connection to the 
vacuum tank, also the gasoline gauge mechanism. 
As the tank is filled, the float rises, which causes the 
bevel gear on the float-rod to turn the rod connected 
with the gauge needle. 


The words “main gasoline tank’ apply to the 
gasoline tank which contains the greater amount of 
gasoline and is usually suspended at the rear of the 
car. 


The auxiliary gasoline tank is a smaller tank 
placed on the inside of the dash when the vacuum 
system is used, as explained farther on. 


Gasoline feed pipes are usually made of copper 
tubing or brass pipe 5/16’’ outside diameter and 
7/32” inside diameter. 


GASOLINE-TANK SHUT-OFF COCKS 


On many cars there is a reserve of gasoline carried 
in the tank. This reserve is not usually partitioned 
off. The shut-off cock controls the reserve. An 
example is the shut-off cock used on the King car. 
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Figs. 5B, 5C. Gasoline-tank shut-off valve as used on the 
King car, as an example. 
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The capacity of the tank is 18 gallons. When 


the shut-off cock is turned down as shown in (1) 
(Fig. 5B), before the gasoline will flow to the 
vacuum tank there must be a sufficient amount of 
gasoline in the tank to run through tube (A). 
Therefore when the gasoline level is below the top 
of tube (A) with the shut-off cock down, the supply 
of gasoline will not flow to the vacuum tank, although 
there are two gallons in the tank. 


Reserve: By turning the shut-off cock to a 
horizontal position, as at (2) (Fig. 5B), the reserve 
amount of gasoline is permitted to flow through pipe 
(B) (Fig. 5C). This reserve amount is 2 gallons. 


To shut off the supply: Turn shut-off cock to posi- 
tion (3) (Fig. 5B) and the gasoline will run through 


opening (C). 
To drain the tank: Unscrew the drain plug. 
There are other similar methods employed on 
different cars; for example, see page 112 under the 


heading, ‘A three-way valve located on the top of 
the gasoline tank,” as used on the Packard. 


FUEL FEED METHODS 


There are five methods for feeding gasoline, some 
of whieh are not in use. They are as follows: 
1. By gravity. 
2. By exhaust pressure. 
3. By combined gravity and exhaust pressure. 
4. By forced air pressure. 
5. By vacuum and gravity. 

The vacuum and gravity method is used most; 
the air-pressure feed is used by some of the larger 
cars, and the gravity feed is used on the Ford. 


Grayity Feed 


A tank is placed above the level of the carburetor 
go that the gasoline flows from tank to carburetor by 
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gravity (Fig. 6). The tank can be placed at any 
point on the car, providing it is above the level of 
the carburetor. 


The disadvantage of this where the tank is not 
close to the carburetor lies in the fact that when 
ascending hills, or on the side of an incline, the 
gasoline may fail to flow through the pipe. 


Exhaust-Pressure Feed 


With this system (Fig. 7), the tank is placed in 
the rear. A hand air pump is connected to obtain 
the initial pressure in the tank. After the engine is 
started the exhaust gases pass through a check 
valve to the tank, creating a pressure, which forces 


the gasoline to the carburetor. 


A small pipe is used for the exhaust passage. 
The pipe being exposed to the aur, the gases are 
cooled and prevent a flame. A check valve pre- 
vents the gas passing back, as 1t can pass In but 
one direction. 

Disadvantage: The pressure is liable to interfere 
with the proper operation of the float. This system 
is practically obsolete. 
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Gravity and Exhaust-Pressure Feed 


Gasoline is forced by exhaust pressure from the 
tank to an auxiliary tank, placed above the level of 
the carburetor. The gasoline then flows to the 
carburetor by gravity. The auxiliary tank is small 
and is placed close to the carburetor, so as to make 
sure thatthe gasoline will always feed (Fig. iS) 
This system was used in the early days of motoring, 
but not to any great extent. 


AUXILARY GAS’L. 
Du cieaE i dN Geet CRAVE TR 


PRESSURE LINE 
Fig. 8 


Air-Pressure Feed 


A modern gasoline air-pressure feed is that shown 
in Fig. 9, which represents the Packard system. A 
similar method is used on the Cadillac and on the 
Locomobile. 


General principle: The supply of gasoline is car- 
ried in the tank at the rear of the frame. The 
gasoline is supplied from the tank to the carburetor 
by air pressure (at 114 to 21% lbs.) provided by an 
air pump attached to the engine front-end cover and 
Sag by the forward extension of the generator 
shaft. 
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The carburetor is mounted above and between 
the cylinder blocks, and receives the heat generated 
by the engine, which assists in the vaporization of 
the gasoline. 


The gasoline tank is located on the rear of the 
frame. The capacity of the tank on all models is 
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twenty gallons, including about a three-gallon. 
reserve. 


A three-way valve located on the top of the gaso- 
line tank connects with outlet pipes leading to each 
side of the tank. Turning the valve handle to the 
right permits the gasoline to be completely drained 
from the right side of the tank and vice versa. 
When gasoline has ceased to flow, turn the valve 
handle to its opposite extreme regardless of the pre- 
vious running position, in order to obtain the reserve 
supply. Turning the handle straight up shuts off 
the gasoline. 


Caution: If the gasoline tank has been com- 
pletely drained and is replenished with less than a 
five-gallon supply, turn the valve handle to the left, 
which is the side of the tank which receives the first 
three to five gallons, otherwise, the gasoline will not 
flow. 


Air pressure for supplying gasoline to the carbu- 
retor is furnished by an air pump attached to the 
crank-case front-end cover, and driven by an eccen- 
tric mounted on the generator shaft. 


The air is drawn from outside the crank case and 
forced under pressure to the gasoline tank. To 
increase the pressure, remove the plug at the top of 
the pump cylinder and unscrew the smaller plug at 
its base. To decrease the pressure, the small plug 
should be screwed down. 


The hand or auxiliary pump on the instrument 
board provides a means of obtaining initial air 
pressure before the engine is started, providing the 
gauge on the dash shows that there is no air pressure 
in the gasoline tank. 


To obtain pressure by hand, unscrew the handle 
to the left. When the plunger is free, operate the 
pump until pressure shows on the gauge. Do not 
pump higher than 21% lbs. pressure. 

Note. When air pressure is used, if the carburetor has a 
small float, the pressure should not be over 214 or 3 lbs. With 


a larger float, the greater area will withstand more variation 
in pressure. 


If the gasoline gauge does not respond to the 
hand pressure pump, it is probably caused by the 
tank outlet valve being shut off. 


Caution: Having finished operating the pump, push the 
plunger in, and be sure to lock it in place by screwing the plun- 
ger handle to the right. 


_The plunger leather of the pump should be oiled occasionally 
with neat’s-foot oil. Mineral oils improve the operation of 
the pump only temporarily, and tend to dry up the leather. 


A gasoline pressure gauge on the instrument 
board is connected directly with the supply line at 
the gasoline strainer housing. The gauge indicator 
should show from 11% to 21% lbs. pressure when the 
engine is running. 


If the pressure gauge indicates that the pump is 
not maintaining the proper pressure in the tank, 
proceed as follows: 


Inspect the gasoline-tank filler cap, seat, and gasket to make 
sure that they are in good, clean condition and free from nicks, 


_ Be sure that the filler cap is tightly seated. If the trouble 
is not found by this method, examine all connections on the 
air pressure and gasoline supply lines to make sure that there 
are no leaks. A good method of locating leaks in the air line 


is to put pressure in the tank and go over the line carefully 
with soap suds. 


If it is determined that all pipes and connections are abso- 
lutely air-tight, raise the air pressure by adjusting the pump as 
described above. 
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THE STEWART VACUUM GASOLINE SYSTEM! 


It will be noted in Fig. 1 below that gasoline is fed 
by gravity to the carburetor in the usual manner, 
by an auxiliary gasoline tank, which is combined 
with a vacuum system of drawing the gasoline 
from the main gasoline tank. In other words, the 
same gravity principle of feeding gasoline to the 
carburetor is utilized with the auxiliary or gravity 
tank placed on the inside of the dash (usually) above 
and near the carburetor, so that the gasoline will 
feed to the carburetor at all times, regardless of the 
angle or position of the car. 


The difference in this system is that of drawing 
the gasoline up to this tank, as the main gasoline 
tank is below the level of the gravity tank. Instead 
of air being applied to the gasoline in the main tank 
to force the gasoline to the gravity tank, it is sucked 
by a vacuum process through pipe (D) to the 
vacuum chamber (12); thence it flows through trap 
or flapper valve (6) to the gravity tank, thence to 
the carburetor. 


This vacuum is created by suction at the intake 
manifold through pipe (C), connected at (N). 
(Although the connection of pipe (C) is shown in 
the center of the manifold at (N), the usual plan is 
to connect it near the end of the manifold, as the 
vacuum is greater at a point closer to one of the 
cylinders.) We know that a great suction takes 
place in the intake manifold when pistons are work- 
ing; this suction is utilized to create the vacuum, 
as will be explained below. 


Principle of Operation 


There are two chambers: the upper or vacuum 
chamber and the lower chamber or gravity feed 
tank. See Fig. 2. 


When there is no gasoline in either chamber, the 
float and levers (E) and (F), to which the float is 
connected, close the valve (B) which admits air 


1Another fuel system is the G. G. Fuel System, Zorzi Corpora- 
tion, 1737 Broadway, New York.  ~ 
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Fig. 1. Vacuum fuel-feed system. 
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chamber; (13) shut-off valve to carburetor; (14) primer supply pipe; 


(9) vent valve (B) (Fig. 2); (10) outer supply chamber; (11) float (G); 
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2) gasoline in float 
(15) drain valve (J) (Fig. 2). 
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into the vacuum chamber and at the same time 
opens the valve (A) connected with the suction 
pipe (C) which is connected with the intake mani- 
fold. 


If the engine is working (by crank or power), a 
vacuum is then created in the upper chamber which 
closes the flapper (H) (by suction), thereby making 
the upper chamber absolutely air tight, which 
creates a vacuum and causes the gasoline to be drawn 
from the main gasoline tank to the vacuum or upper 
chamber. 


As the gasoline enters the upper or vacuum cham- 
ber the float rises, and through levers (E) and (F), 
connected to the float, the valve (A) to the intake 
manifold is closed, thereby cutting off further suc- 
tion and at the same time valve (B) is opened, 
which permits air to enter the vacuum chamber, 
through the air-vent tube. 


Air entering the vacuum chamber causes flapper 
(H) to open, which permits the gasoline in the 
vacuum tank to flow into the lower chamber or 
gravity tank, thereby causing the float to lower as 
the gasoline flows out. = 


As the float lowers, the operation of levers (E) and 
(F) is again brought into action, and valve (A) is 
again opened and (B) closed, which again causes 
(H) to close, and the vacuum and suction take 
place again. It will be noted that the lower cham- 
ber is always open to air circulation through the 
“air-vent tube,”’ otherwise the gasoline would not 
flow by gravity to the carburetor. 


The primer (14) (Fig. 1) is a connection used by 
some of the car manufacturers for connecting with 
the hand pump on the dash, for priming the engine 
to start during cold weather. 


Installation 


The top of the vacuum tank must be above the 
level of the gasoline in the main gasoline tank when 
full, even when the car is going down a steep grade. 


The. bottom of the vacuum tank must be not less 
than 8” above the carburetor; 5/16” copper pipe 
is used. 


Do not install the tank directly over the generator 
or wiring terminals, on to which gasoline could leak. 


Never tap through a water jacket, if the intake 
manifold is provided with one. Always tap the 
intake manifold at a point as close to the intake of 
one of the cylinders as possible. Be careful in 
bending tubing. The air vent must be placed at as 
high a point as possible under the hood. ‘The best 
location for the tank is on the engine side of the dash. 


On eight- or twelve-cylinder “V-type engines 
with two inlet manifolds, a “Y’’ connection is made 
at (C) on top of the tank, with both manifolds 
tapped. 


Care and Repair of Stewart Vacuum-Feed 
System 


Some of the various troubles which might arise 
and the remedy for them are explained in the follow- 
ing paragraphs, 


Vent-Tube Overflow 


The air vent allows an atmospheric condition to 
be maintained in the lower chamber, and also serves 
to prevent an overflow of gasoline in descending 
steep grades. If once in a long while a small amount 
of gasoline escapes no harm will be done, and no 
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adjustment is needed. However, if the vent tube 
regularly overflows, one of the following conditions 
may be the cause: 


(a) The air hole in the main gasoline tank-filler 
cap may be too small or may be stopped up. If the 
hole is too small or if there is no hole at all, the sys- 
tem will not work. Enlarge the hole to 14” diam- 
eter, or clean it out. 


(b) The vacuum tank may not be installed quite 
high enough above the carburetor. If the bottom of 
the tank is not 3 inches above the carburetor, raise 
the tank. 


Gasoline Leakage 


If gasoline leaks from the system, except from the 
vent tube, it can do so only from one of the following 
causes: 


(a) A leak in the outer wall of the tank may exist. 
If so, soldering up the hole will eliminate trouble. 


(b) The carburetor connection in the bottom 
of the tank may be loose. If so, it should be tight- 
ened. 


(c) There may be a leak in the tubing leading 
from (D) or (C) (Fig. 2). 


Failure to Feed Gasoline to Carburetor 


This condition may be due to causes other than 
the vacuum system. To test; after flooding the 
carburetor, or “tickling the carburetor,” as it is 
commonly called, if gasoline runs out of the carbu- 
retor float chamber, you may be sure that the 
vacuum feed is performing its work of feeding the 
gasoline to the carburetor. 


Another test is to take out the inner vacuum 
tank, leaving only the outer shell. If you fill this 
shell with gasoline and the engine still refuses to 
run properly, then the fault clearly lies elsewhere 
and not with the vacuum system. 


If the failure to feed is in the vacuum tank, one of 
the following may be the cause: 


(a) The float (G), which should be air-tight, may 
have developed a leak, thus filling up the float with 
gasoline and making it too heavy to rise sufficiently 
to close the vacuum valve. This allows gasoline 
to be drawn into the manifold, which in turn will 
choke down the engine. 


(b) ‘The flapper valve may be out of commission. 


_(c) Manifold connections may be loose, allowing 
air to be drawn into the manifold. 


(d) The gasoline strainer or 


tubing may be 
clogged up. Look to this first. 


Remedies 


(a) To repair float: remove top of tank (to 
which float is attached). Dip the float into a pan 
of hot Water, in order to find out definitely where the 
leak is. Bubbles will be seen at the point where the 
leak occurs. Mark this spot. 


Next, punch two small holes, one in the top and 
the other in the bottom of the float, to permit 
discharge of the gasoline. Then solder up these 
holes and the leak. Test the float by dipping in 


a Waes If no bubbles are seen, the float is air- 
ight. 


In soldering the float, be careful not to use more 
solder than required. Any’ unnecessary amount 
of solder will make the float too heavy. 
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To overcome the condition of a leaky float tem- 
porarily until you can reach a garage, remove plug 
(W) at the top. In some cases the suction of the 
engine 1s sufficient to draw gasoline into the tank, 
even with this plug open, but not enough to cause it 
to continue to be drawn into the manifold. If, how- 
ever, you are not able to do this, close up plug (W) 
with the engine running. This will fill the tank. 
After running the engine until the tank is full, 
remove plug (W) until gasoline gives out. Con- 
tinue repeating these operations until a repair sta- 
tion or garage is reached, when the leaky float can 
be remedied. 


(b) A small particle of dirt getting under the 
flapper valve (H) might prevent it from seating air- 
tight, and thereby render the tank inoperative. 


In order to determine whether or not the flapper 
valve is out of commission, first plug up the air 
vent; then detach the tubing to the carburetor from 
the bottom of the tank. Start the engine and apply 
a finger to this opening. If suction is felt con- 
tinuously, then it is evident that there is a leak in 
the connection between the tank and the main 
gasoline supply, or else the flapper valve is being 
held off its seat and is letting air into the tank, in- 
stead of drawing gasoline. 


In many cases this troublesome condition of the 
flapper valve can be remedied by merely tapping 
the side of the tank, thus shaking loose the particle 
of dirt or lint which has clogged the valve. If this 
does not prove effective, remove the tank cover, as 
described below. Then lift out the inner tank. 
The flapper valve will be found screwed into the 
bottom of this inner tank. 


To Fill the Tank 


To fill the tank, should it ever become entirely 
empty: With the engine throttle closed and the 
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spark off, turn the engine over a few revolutions. 
This takes less than ten seconds, and will create 
sufficient vacuum in the tank to fill it. 


If the tank has been allowed to stand empty for a 
considerable time and it does not easily fill when the 
engine is turned over, this may be caused by dirt 
or sediment being under the flapper valve (H). 


Or, perhaps, the valves are dry. Removing the 
plug (W) in the top and squirting a little gasoline 
into the tank will wash the dirt from this valve, and 
also wet the valves, and cause the tank to work 
immediately. This flapper valve sometimes gets a 
black carbon pitting on it, which may tend to hold 
it from being sucked tight on its seat. In this case 
the valve should be scraped with a knife. 


To Clean the Tank 


Remove the top of tank and take out the inner 
shell or vacuum chamber. This will give access 
to the lower chamber from which dust or dirt 
may be removed. Clean the tank every three 
months. 


To Remove the Top 


After taking out screws, run the blade of a knife 
carefully around the top, between the cover and the 
body of the tank, so as to separate the gasket with- 
out damaging it. The gasket is shellacked. 


Auxiliary vacuum pump: On some cars (Hudson), 
a small hand vacuum pump is provided on the dash. 
If the vacuum tank should become empty, it would 
not be necessary to turn the engine over, but merely 
to operate a pump connected by a check valve to 
pipe (C), which will create sufficient vacuum to 
draw gasoline from the main tank. 


RELATION OF THE INLET MANIFOLD TO CARBURETION 


Engine manufacturers endeavor to make a mani- 
fold which will have the least number of curves, and 
be as straight and as short a path for the gas to travel 
through as possible. 

The ideal inlet manifold is one in which no 
unnecessary resistance is offered to the flow of the 
mixture. : 

An inlet manifold for a six-cylinder engine which 
will deliver an equal mixture te each cylinder has 
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Fig. 3. Types of inlet manifolds. 


been a problem with manufacturers. If the dis- 
tance is too great, the gas tends to condense. 


The inlet manifold in use today is smaller in 
diameter than formerly, owing to the poor grade of 
gasoline in use. The fuel is harder to “break up” 
and will not vaporize readily. It condenses and 
clings to the inner walls of the manifold. By having 
smaller intake manifolds, the mixture is sucked 
through at a greater speed, which in a way prevents 
this condensation. 


With too large an intake, using the present low- 
grade fuel, after a hard pull, the engine tends to 
“choke” and miss until it runs a short distance on a 
closed throttle. 


Water jacketed or exhaust-heated manifolds are 
now the approved method. On many engines the 
intake manifold is cast right inte the cylinder. 


FITTING CARBURETOR TO MANIFOLD 


Carburetors are attached to the inlet manifolds, 
either with a horizontal connection (Fig. 4) or a 
vertical connection (Fig. 5). 


When fitting a carburetor, a gasket must be placed 
between the carburetor flange and the flange on the 
intake pipe, and it is very important that an 
air leak does not occur, otherwise the mixture 
is changed. 


The best form of gasket is copper, interlined with 
asbestos. Multibestos or similar material can also 
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be used, coated on each side with shellac. Leather 
could also be used here, but would not answer else- 
where, because it would get too hot. If material 
is used which has a rough edge, it is important 
to watch that none of it gets into the carburetor 


pipe. 


At the point (D) where the inlet manifold covers 
the inlet ports, a copper gasket must be used and 
drawn tight to prevent air leakage. Be sure there 
are no air leaks where the carburetor joins the 
intake pipe, and where the intake pipe connects to 
the engine. 
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The air inlet of the carburetor, if exposed to dust 
and dirt, should be placed so that dust may not be 
drawn in. 

The inlet manifold, connecting the carburetor to 
the inlet-valve port chamber, should present no 
resistance to the flow of the mixture. Sharp bends 
or turns will make it harder for the mixture to pass. 


When fitting a carburetor, be sure there is no 
vibration. If there is, the result will probably be 
a broken flange connection. If there is vibration, 
place a small iron hanger from a nut on the engine 
frame to the carburetor, to steady it and also to 
take the strain off the intake pipe. 


COMPRESSION RATIO 


Compression ratio is defined as the volume of gas in a cylinder 
when the inlet valve has just closed, divided by the volume of 
gas in the cylinder after the compression stroke has been com- 
pleted. Consider the engine as shown in Fig. 6: the inlet 
valve has just closed and there is one cubic foot of gas in the 
cylinder. < 


In Fig.-7, the compression stroke has been completed and 
the gas has been compressed until its volume is only 14 of a 
cubic foot (the volume of the combustion space). The com- 
pression ratio is then 4, because 1 cu. ft.+ 14 cu. ft.=4. 


The final compression pressure (just before ignition takes 
place) in an automobile engine depends on two main things, 
namely, the compression ratio and the pressure of the gas 
when the inlet valve has just closed, as shownin Fig. 6. (itis 
obvious that the greater the pressure in Fig. 6, the greater 
the pressure that will result in Fig. 7.) The pressure in Fig. 6 
is equal to the pressure of the atmosphere; therefore the lower 
the atmospheric pressure, the lower will be the compression 
pressure. A further consideration is that the explosion pres- 
sure (immediately after ignition), which gives the engine 
its power, depends on the compression pressure before 
ignition. 

Conclusion: A low atmospheric pressure will cause alow com- 
pression pressure, which in turn will cause a low explosion pres- 
sure, and therefore the power of the engine will be reduced. 


la CUFT GAS 


Fig. 6 
Fig. 6. 
stroke completed; the compression ratio is 4 to 1. 


Fig. 7 


Inlet valve has just closed; Fig. 7. Compression 


EFFECT OF ALTITUDE ON CARBURETION 


Atmospheric conditions have much to do with the action of 
a carburetor. For example, an engine which would run satis- 
factorily at a low altitude, say at sea level, would lack power 
and would overheat at a high level, as, for instance, at Denver, 
Colo., where the elevation above sea level is approximately 
5,280 feet, or one mile high. 


This is due to the fact that at sea level, the air exerts a pres- 
sure of approximately 15 lbs. per square inch. This means 
that a column of air one inch square in cross-section and 50 
miles high weighs approximately 15 lbs. It has been fairly 
well established that atmosphere blankets the earth for a depth 
of about 50 miles. 


Therefore if we go higher, we begin to shorten this column 
of air responsible for this pressure; we therefore have not so 
much weight of air above us, and consequently the pressure 
corresponding to the reduced weight is also reduced. 


Thus, if, at Denver, the height above sea level is 1 mile, 
there would be only 49 miles depth of air in the column to 
establish this pressure, and a column of air 49 miles high weighs 
less than a column 50 miles high, so that we find the atmos- 
spheric pressure at Denver is just a trifle over 12 pounds per 
squareinch. As we gostill higher, the pressure begins to fall off. 


The drop in pressure amounts to approximately one half- 
pound per square inch for each rise of 1,000 feet. This, how- 
ever, is not strictly accurate, nor is there a distinct and invari- 
able relationship between the two, for it depends upon baro- 
metric variations, the amount of moisture in the air, ete., which, 
as we know, will cause the barometer to vary even though it 
remain in one place. 


This reduction of air pressure as a result of increasing altitude 
has an effect on the power of the engine. 


First it affects the compression, reducing it at a rate cor- 
responding to the reduction in atmospheric pressure, as explained 
above. Thus at sea level, an average Ford engine would have 
a compression pressure of 64 lbs. per square inch, as measured 
by a pressure gauge, and after ignition, the explosion pressure 
would be 256 lbs. per square inch; while in Denver, owing to the 
low atmospheric pressure, the compression pressure would be 
only 48.5 lbs. per square inch, and after ignition, the explosion 
pressure would rise to only 194 lbs. per square inch. It is the 
latter pressure which determines the power of the engine, and 
since it has decreased from 256 lbs. per square inch to 194 lbs. 
per square inch, the engine will deliver much less power. 


Second, we know that at sea level the composition of the air 
by weight is approximately 25 parts of oxygen to 75 parts of 


nitrogen, and the combination is a mechanical mixture, not a 
chemical one. 


It is the oxygen that we rely upon to support combustion of 
the gasoline. Thus if the oxygen is reduced in value to that of 
the fuel, the mixture is affected. 


_ The higher we go, the less the percentage of oxygen in the 
air. Therefore, unless the carburetor is readjusted to suit the 
changed conditions, we get an over-rich mixture, slow combus- 
tion, and overheating. 


The point, then, is to open up the air intake, giving more air, 
rather than to cut down on the needle valve of the carburetor, 
reducing the gasoline supply. 


_ Where carburetors are fitted with adjustable ‘air valves, then the 
air-valve adjustment should be opened wider for altitude work. 


Where carburetors have no air adjustment, use smaller jets 
for altitude work. 


At the top of Pike’s Peak, which rises to an altitude of 14,000 
feet above sea level, the atmospheric pressure of the air is only 
8.5 lbs. per square inch; therefore the compression pressure 
will drop to 30 dbs. per square inch (as measured by a gauge) 
and the explosion pressure will be only 120 Ibs. per square 
inch, thus causing a very great loss of power. 

_Furthermore, water boils at a lower degree (Fahrenheit) at 
higher altitudes, for example at 14,000 feet above sea level 


water boils at 185° F., owing to less atmospheric p 
whereas at sea level, water boils at 212° F. e a 


Compression 
Pressure (as measured 


Boiling by_a Gauge) on 

tieeg Pom eeine ah 
: pheric fo} ompressi 

Altitude Pressure Water Rate of 3.6 
Sea Level 15 Ibs. PRPS 1D 64 lbs 
1,000 feet 14.1 lbs. 210° F. 59.5 lbs. 
2/000 feet 13.6 lbs. 208° F. 57 lbs 
3,000 feet 13.1 Ibs. 206° F. 55.4 lbs. 
4,000 feet 12.5 lbs. 204° Fr, 51.2 lbs. 
5,000 feet 12.3 lbs. 203° F. 49 lbs. 
6,000 feet 11.6 Ibs. 201° F. 46.5 lbs. 
7,000 feet 11.2 lbs. 199° F. 44.3 lbs. 
8,000 feet 10.8 Ibs. 197° B. 42.1 lbs. 
9,000 feet 10.4 lbs. 195° FF, 40 lbs. 
10,000 feet 10 Ibs. 193° F. 37.9 lbs. 
14,000 feet 8.5 lbs. 185° F. 30 Ibs. 


Note. The Ford engine has a compression ratio of 3.6, 
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CARBURETOR ADJUSTMENTS: Mixture; Troubles and Remedies; Float 
Adjustments; Tools for Repairing Carburetors; Examples of 
Principle and Adjustments of Leading Carburetors 


_ The principle of carburetion is treated in instruc- 
tion No. 13. It will be advisable to start at the 
beginning of the subject and master the fundamental 
Pec before taking up the subject of adjust- 
ments. 


_ Kerosene carburetors are treated under the sub- 
ject of “Tractors.”’ See Index. 


The first and most important thing to learn about 
any carburetor is to let it alone as long as it is 
working properly. Never tamper with the car- 
pat ot until you are quite sure that it is at 
ault. 


There are two essentials necessary before an 
engine will run: first, gasoline; second, a spark. 
The gasoline must reach the inside of the cylinders 
and a hot spark must be there at the proper time to 
ignite the gas. If you have both, something is bound 
to happen, even though it is but a single explosion. 


Next, remember that even though you have a 
spark and gasoline, the engine will not run properly 
if the gas does not enter the cylinder at the right 
time and if it is not in a proper gaseous form, or a 
correct “mixture.” See “Digest of Troubles” for 
various reasons why an engine will not start, ete. 


MIXTURE 


At low speeds the mixture should be richer than 
at high. At low speeds more heat is lost to the cylin- 
der walls, more compression is-lost by leakage, and 
the combustion can therefore be slower, thus sus- 
taining the pressure. At high speeds the compres- 
sion is higher, due to less leakage and less loss of 
heat. A lean and highly compressed charge burns 
faster and hence gives better pressures and fuel 
economy than a richer one. 


The quantity of mixture an engine will take, 
varies greatly with the speed and pull. At slow 
speeds, the volume, at carburetor pressure, is equal 
to the cubic content of the cylinders multiplied by 
the number of intake strokes. 


At high speeds of one thousand revolutions or 
over, the quantity may drop to less than one-half 
the amount, depending on the design of the valves, 
inlet piping, and passages. This reacts upon the 
‘ compression, and hence on the mixture desired for 
best results. 


The design of the engine has a bearing on the 
carburetor design, which explains the well-known 
but seemingly mysterious fact that a carburetor 
giving good results on one engine sometimes fails to 
maintain its reputation when applied to one of dif- 
ferent design. The system of ignition used also 
has a marked influence on the proper working of an 
engine, as a hot spark is most essential. 


Proportions of air and gasoline. Different mix- 
tures of air and gasoline are needed for different 
engine requirements. It is no longer the belief 
that a uniform mixture is correct for all speeds. 
The new rule is, that the amount of gasoline fed 
into the air must be changed according to demands, 
and that if a 12 to 1, or rich, mixture is best for 
quick acceleration, a 15 to 1, or leaner, mixture may 
be best for pulling with the throttle wide open, and 
a 17 to 1, or still leaner, mixture is best for particu- 
larly high speed work. Therefore, a varying m1x- 
ture must be supplied. 


Atmospheric conditions have much to do with 
the action of a carburetor. An engine seems to run 
tetter at night. Taking an engine from sea level 
to an altitude of 10,000 feet involves using alr in 
the engine cylinders at atmospheric pressures rang- 


ing from 14.7 lbs. down to 10.1 lbs. to the square 
inch. In other words, the higher the altitude, the 
lighter is the air, and thus more air for the carburetor 
is required. 


To Test the Mixture 


If there are doubts in the mind of the operator as 
to whether the mixture is too rich, one method of 
ascertaining the correct proportion of air and gaso- 
line is to shut off the fuel at the tank and open the 
throttle. 


If the mixture passing into the cylinder is too 
rich, the engine speed will increase as the level 
of the gasoline in the float chamber is lowered, 
since this operation weakens the mixture consid- 
erably. 


If the mixture is thought to be too weak, the float 
chamber can be flooded while the engine is running, 
and if this causes the engine to speed up, it may be 
taken as an indication that the mixture is not rich 
enough. 


The proportionate amount of gasoline to air is 
essential. The novice usually gives the carburetor 
too much gasoline by opening the adjustment valve 
too wide, thereby causing “too rich a mixture.” 
Too much gasoline will not run the engine any 
better than not enough. It must be remembered 
that only a very little gasoline is required in pro- 
portion to the air needed. 


Use air. It is advisable to run the engine with 
as much air as possible, which means a “lean” mix- 
ture. This not only means economy of gasoline, 
but prevents soot deposit and pitted valves (pro- 
viding good lubricating oil is used). 


Of course, when first starting, or when cold, more 
gasoline is absolutely necessary, but as soon as the 
engine warms up, cut down on the gasoline and run 
on more air. Most carburetors, now-a-days, are 
fitted with air regulators and heated intake mani~ 
folds for this purpose. 


An engine will run on less gasoline, and more air, 
the warmer it gets. This accounts for the necessity 
of the air adjustment, 
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Rich and Lean Mixture 


A rich mixture is one in which the proportion of 
gasoline abnormally exceeds the amount of air. It 
may be due to faulty adjustment of the gasoline 
needle valve, float, or air valve. The expression, 
‘mixture too rich” means that too much gasoline is 
present in proportion to air, or, technically, that 
there is insufficient oxygen to support its combustion. 


An over-rich mixture will cause an engine to over- 
heat and thereby give rise to a number of troubles, 
such as preignition, accumulations of carbon on the 
pistons and cylinder heads, steaming water In the 
radiator, and loss of power and “loping”’ or choking 
up on slow speeds. 


The cause of mixture being too rich may be: Too 
much gasoline at needle valve; punctured float; 
float valve not working properly, owing to bent 
needle, or presence of foreign matter in valve seat; 
too much priming; primary air passage clogged or 
partially obstructed; air valve not open enough, 
spring too strong or air opening choked. 


A mixture is poor or lean when it contains too 
much air and not enough gasoline, a condition often 
due to a faulty adjustment of the needle or air-valve, 
float, a leak in the inlet pipe, the spray nozzle, float 
valve, or feed pipe partly clogged, or water in the 
gasoline. 


A poor mixture will make the engine miss when 
running idle at slow speeds, and at high speeds it 
will not only cause misfiring, but-the missing will be 
accompanied by coughing and ‘popping’ in the 
carburetor. Both this and explosions in the muffler 
may also occur. 


The cause of mixture being too weak may be: Too 
much air, not enough gasoline; carburetor passages 
or jet clogged; throttle valve out of adjustment; 
insufficient flow of gasoline; tank valve closed; vent 
hole in gasoline tank cap stopped up; break in 
gasoline supply; bad gasoline, originally, or from 
standing; water in gasoline; carburetor cold; gaso- 
line cold and unvaporized; gasoline supply ex- 
hausted. The ignition system not working properly 
will also act in a manner similar to too lean a 
carburetor mixture. 


Smoke Indications of Carburetor Mixture 


If the engine is fed too much gasoline, black 
smoke, smelling of raw gasoline, will usually be in 
evidence, issuing from the exhaust. Care should be 
taken to distinguish this from the excess of heavy 
blue smoke which is indicative of too much engine 
lubrication. 


Whenever any considerable quantity of smoke 
of either color comes from the exhaust, the engine 
may miss explosions through fouled spark plugs. 


If the mixture is too rich, the engine will have a 
tendency to slow up and “‘choke” or “load up” when 
the throttle is opened wide, and will run at a higher 
speed when it is partially closed. 


Another indication of the mixture being too rich 
will be shown in its speeding up perceptibly, if the 
auxiliary air valve of the carburetor is held open, or 
additional air is admitted in any way between the 
carburetor and the cylinders. 


Such being the case, the exhaust gases, if ignited 
by holding a piece of burning paper near the end of 
the exhaust pipe, will burn with a large red flame 
similar to that of a bunsen burner when the air is 
mostly cut off, 
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Loping. Another indication of too rich a mixture 
is that when “‘idling,”’ the engine will run in a loping 
manner, as if actuated by a governor; more air and 
less gasoline is needed. 


“Loading up” when running slow or idling is due 
to the fact that the air comes into the carburetor so 
slowly that the gasoline particles are not broken up 
fine enough, and condensation takes place. Thus 
the gasoline is taken in in a more or less liquid form, 
and combustion is very poor. That is one reason 
why as much heat as possible should be applied to 
the air intake of the carburetor. Also, the engine 
should not be allowed to tick over slowly for any 
length of time when the car is standing idle. It not 
only wastes fuel, but the manifold will load up with 
raw fuel, and acceleration will be anything but good 
when you attempt to get under way. 

By opening the relief cocks in the cylinder heads (if provided), 
while the engine is running, one can judge fairly well, by the 
color of the fame, when the mixture is correct. At each explo- 
Bon ict, of flame will shoot out of the cylinder through this 


If the mixture is too poor (too much air for the gasoline), the 
flame will be light yellow. 


If the mixture is too rich (not enough air for the gasoline), 
the flame will be red and smoky. Black smoke will also come 
out of the muffler, smelling of raw gasoline. 


If the mixture is correct, the flame will be light blue or purple, 
and hardly visible. 


Note. This test is not absolutely reliable, because, when 
the relief cock is open, air is drawn into cylinder which tends 
to change the mixture. 


**Back Firing” or *“‘Popping”’ in the Carburetor 


Back firing. There seems to be much confusion 
in the use of the terms ‘‘back kick” and “back fire,” 
the latter being very often used to describe what 
happens when,.in starting an engine, it suddenly 
reverses its direction of rotation to give a “back 
kick.” 

Generally speaking, “back-firing” is caused by a 
weak mixture which burns so slowly that the flame 
continues until the opening of the admission valve 
again, when it ignites the incoming charge in the 
intake pipe and shoots back to the carburetor. 
While an over-rich mixture will also burn slowly, it 
rarely ever will cause back-firing. ; 


Another cause of back-firing is, of course, the 
faulty timing of the valves, or, in fact, a badly leak- 
ing valve. As a general rule, back firing is due to 
one or more of the following causes: (1) very slow 
explosion or weak mixture; (2) very late explosion; 
(3) a spark occurring during the intake stroke: 
(4) the intake valve being partially open during 
the power stroke; (5) premature ignition. 


Slow combustion is caused by a lean mixture: 
late combustion is caused by a weak or retarded 
spark. Nos. 1 and 2 are the usual causes, while Nos 
3 and 4 happen infrequently. : 


Back-kicking is usually caused b ignition i 

] lly ¢ y preignition in 
starting the engine, which is due usually, as is well 
known, to too much “advance” in the spark timing. 


_ “Popping back” or “spitting” in the carburetor 
is quite a common occurrence with carburetors 
when first starting the engine on a cold day. But 
after the engine has been run for a brief period it 
will become warmed up and the gasoline will begin 
to vaporize properly and run without popping back, 


_ Ifthe “popping back” continues, then the mi 

is too weak and more gasoline ‘is fried. “Be 
giving the auxiliary air-valve Spring a slight increase 
of tension, or by opening the gasoline needle valve a 
notch or so, or by closing the “choker,” or closing 


CARBURETOR ADJUSTMENTS 


the “damper” at the air intake, more gasoline will 
be supplied to the carburetor until the popping 
stops, which it wil! probably do when the engine is 
warmed up. 


Do not use the “choker” any more than ‘abso- 
lutely necessary. At permits raw gasoline to be 
drawn into the engine, a part of which passes to the 


crank case and thins the lubricating oil. 


Never run an engine in a closed garage, because 
carbon monoxide, a deadly poisonous gas, is present 
in the exhaust of gasoline engines. Too rich a 
mixture increases the amount of carbon monoxide 
given off. 


Carburetion during Cool Weather 


Since, at the present day, low-gravity gasoline is 
being used, the engine will have a tendency to miss 
explosion and run in jerks or uneven explosions, 
especially when starting. 


This is due, principally, to insufficient heat 
properly to vaporize the gasoline to prevent con- 
densation. After the engine becomes thoroughly 
warmed up, the ‘missing’ usually disappears. 
When the weather is warm the engine starts easier, 
because gasoline will vaporize more readily and is 
easier ignited. Therefore during cool weather three 
things are essential: a good hot spark, a quick 
method of heating, and a choker or primer for en- 
riching the mixture to start on. 


For starting. There are different methods 
employed to inject a rich mixture into the cylinder in 
order to start the engine at allon a cold day. The 
common method is to close the main air intake, 
which causes raw gasoline to be drawn into the 
cylinder, which would be termed ‘“‘choking”’ the air 
supply. After the engine is started, it is then only 
a matter of running the engine until warm enough 
to vaporize the gasoline, at the same time gradually 
opening the choke or air valve, until the regular 
amount of air is being used. 


There is a disadvantage, however, in priming an 
engine, and that is, the raw gasoline drawn into a 
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cool cylinder is not all utilized for combustion, but 
part of it forms carbon, due to lack of oxygen, which 
is not being supplied, as the air is choked. The 
result is a deposit.of carbon on the head of the piston, 
in the combustion chamber, and on the spark plug. 
Therefore the air should be supplied as quickly as 
possible. ‘The problem is, then, to heat the gasoline 
as quickly as possible, so that vapor and air are used 
instead of raw gasoline. 


_ The “choker” or some method of supplying a 
richer mixture, however, is usually necessary for 
starting. If the choker principle is used, it is closed 
only until the engine starts, then gradually opened. 
In fact, by using an exhaust-heated intake manifold 
to heat the mixture, and also drawing warm air 
through the air passage of the carburetor, the © 
amount of raw gasoline injected into the cylinders 
will be considerably less than if it is not heated. 
Therefore this system will provide a quicker vapor- 
izing or heating of the mixture and a saving of fuel, 
with less carbon deposit in cylinders. 


Additional Pointers on Cold-Weather Starting 


Don’t expect the engine to warm up in a minute 
any more than you expect a kettle to boil as soon 
as it is set on the stove. It takes time to heat. 


Take into consideration the fact that cold solidi- 
fies the lubricant in the transmission, rear axle, and 
other parts of the car. Therefore it requires greater 
energy on the part of the self-starter to revolve the 
engine. If the clutch is in, when starting, and gears 
are in neutral, the transmission counter-shaft gears 
are directly in this oil and are revolved when crank- 
ing. After a car has been standing over night in a 
cold garage or sufficiently long at the curb to become 
thoroughly chilled, throw out the clutch when 
cranking. This eliminates the drag of the trans- 
mission gears plowing through the solidified grease. 


A good hot spark is important, especially in winter. 
Be particular to see that the battery is always 
charged. A quick method of starting should be 
provided in order to save current. 


CARBURETOR ADJUSTMENTS IN GENERAL 


The parts to adjust in the carburetor depend upon 
the type of carburetor. This subject is therefore best 
treated by giving examples of carburetors of dif- 
ferent types, such as the air-valve type, metering- 
pin type, plain-tube type, etc. 


Carburetors are usually adjusted to the best 
advantage when the engine has been run and all 
parts are warmed up, If a carburetor is adjusted 
when the engine is cold, it will be noticed that it 
will need readjusting when warm, that is, in order 
to get a perfect adjustment. 


When carburetors are adjusted when warm, 
sometimes, especially on a cold day, the engine will 
not hit just right when first starting; it will miss and 
not run even or smooth until it has run a few 
moments and is heated up; then it runs satisfac- 
torily. 

Another point to remember is to be sure the 
ignition is right and you have a good hot spark, and 
the spark plug gaps set about .025”. If too close, 
the engine will operate unevenly at idling speeds 
and miss at higher speeds; if too wide, it will miss 
when accelerating at very low speeds or hard pulls. 
A weak spark causes late combustion. (See Index 
for “Adjusting spark-plug gaps.”’) _ Also remember, 
that if trouble, lack of power, etc., develops with the 
engine missing, it is well to be sure that the trouble 


is in the carburetor and not due to other troubles. 
See “Digest of Troubles,” for suggestions of how to 
diagnose troubles. 


The best way to adjust a carburetor is to arrange 
so that the engine may be run loaded while the 
adjustment is being made. One way to do this is 
to adjust the carburetor while the car 1s in motion 
on the road. 


To test the carburetor for adjustment, run 
throttled down for two blocks. When there is a 
clear space ahead, suddenly press the accelerator 
pedal down. The engine should pick up smoothly, 
to as high speed as you care torunat. If the engine 
chokes, stalls, misses or labors, or backfires at the 
carburetor or at the muffler explosions, it shows the 
carburetor is out of adjustment. 


Adjusting the Air-Valve Type of Carburetor 


The three principal parts of a carburetor used for 
making adjustments on the air-valve type are: the 
auxiliary air valve, the gasoline needle valve, and 
the float needle valve. 


For the average carburetor, having an “auxiliary 
air valve” and a “needle-valve” adjustment, the 
following rule for adjusting will apply. 
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NEEDLE ~~ 1) 
AUXILLIARY AIR VALVE 
ADJUSIMENT ADJUSIMENT | 


Fig. 1. Showing principal parts of an air-valve type car- 
buretor for adjustments. 


First, run the engine at what will be nearly its 
maximum speed in ordinary use, with the throttle 
open considerably and the spark rather late. This 
speed, of course, will be considerably less than 
the maximum speed of the engine when running 
idle. 


Second;~turn the main gasoline needle-valve 
adjustment, until the mixture is so weak that there 
is popping in the carburetor. 


Third, note this position and then turn this 
adjustment until so much gas is fed that the engine 
chokes and threatens to stop. 


Fourth, set the adjustment half-way between 
these two points, which will be very near the correct 
position. Turn the adjustment slightly in one direc- 
tion and then in the other until the point is found 
where the engine seems to run the fastest and 
smoothest. 


Fifth, gently and gradually cover the auxiliary air 
inlet of the carburetor by placing the hands partly 
over the valve, if necessary, in order partially to 
exclude the air. If the engine slows down, the 
spring should be weakened, since not enough air is 
allowed to enter the carburetor. 


Sixth, next try opening the auxiliary air inlet 
slowly and gradually by pushing the poppet off its 
seat: with the finger or the end of a pencil. If the 
engine speeds up, there was not enough air and the 
spring should be loosened, while if it slows down, the 
mixture is correct or a little too lean, according to 
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the degree to which the speed is affected. If itis 
found to be too lean, the spring needs tightening. 


Seventh, after the auxiliary air inlet has been 
adjusted, open the throttle again and adjust at high 
speed, as this adjustment may now require to be 
altered. 


In the air-valve spring lies the chief difficulty in 
making carburetor adjustments, if the carburetor 1s 
provided with an automatic auxiliary air valve. 
This spring should be of such length and of such 
gauge wire, diameter, and number of convolutions 
as to provide the requisite progressively increasing 
resistance to opening, while at the same time exert- 
ing little or no pressure upon the valve when it 1s 
against its seat. 


Adjustment: The needle valve should be set for 
slowest running with the air valve held lightly against 
its seat, and then the spring adjustment should be 
backed off until the slightest further increase in 
throttle opening causes the valve to leave its seat. 


From this point on the only proper adjustment 
for the air valve becomes a series of tests for spring 
strength without alterations being made in its 
normal length; that is, with the adjustment backed 
off in accordance with the instruction just given. 
if the spring tension with increased throttle open- 
ings is too light, and ‘spitting back”’ in the carbure- 
tor continues in spite of the increased opening of the 
gasoline needle-valve adjustment, it is a pretty sure 
indication that the air-valve spring is too weak and 
that a stronger one should be obtained from the 
factory. These can usually be obtained in several 
sizes or degrees of tension to suit varying engine and 
climatic conditions. ; 


Too strong a tension on the auxiliary air-valve 
spring will result in too much gasoline and not 
enough air (too rich a mixture), because the valve 
will be more difficult to open by suction. Too weak 
a spring tension will give too much air or too lean 
a mixture. 


_When adjusting a carburetor on a ‘‘V’’-type en- 
gine, a good plan is to adjust each block of cylinders 
separately. 


TO OBTAIN A SLOW, EVEN PULL OF ENGINE WITHOUT MISSING 


Factors which, in addition to proper carburetor 
adjustment, assist an engine in pulling slowly 
and firing regularly at low speeds are: 


1. Good compression, which includes proper clear- 
ance of pistons, good piston rings, and no air 
leaks at the inlet manifold, carburetor gaskets, 
valve caps, or spark plugs, ete. If there is an air 
leak in one cylinder it will affect the other 
cylinders. 


2. Proper valve clearance, properly seated valves, 
and correct valve timing are very important. 


3. Proper ignition timing—not too far advanced; 
when running slow, retard the spark. 


4. Interrupter points should be set correctly with a 
clear, flat surface at the points. 


5. Be sure there is a good hot ignition spark which 
will fire a charge at a wide-open throttle and also 
atlowspeed. A defective coil, condenser or resist- 
ance unit will produce a spark, but not one of 
sufficient volume to ignite the gas properly. See 
Index for these subjects, including how to test a 
fully charged battery. 


6. Properly set spark-plug gaps. About .025” is 
the average gap. Good spark plugs are also 
important. 


7. Cooling water must be at least 90° F.; 
is better. 


140° F. 


These details are essential to secure a flexible and 
smooth-running engine. 


Indication of Correct Carburetor Adjustment 
1. Run the engine until warmed up. 


2. Close the throttle with spark between half 
advance and fully retarded position. The engine 
should then run evenly. 


3. The car should run 6 to 7 m. p. h. smoothly on 
_ high gear. 


4, Run one-quarter to one-half mile at 12 to 13 
m.p.h. The engine should run evenly. 


5. With the car running 7 to 8 m. p. h., open the 
throttle wide suddenly. The car should acceler- 
ate smoothly. 


CARBURETOR ADJUSTMENTS 


Indications of Incorrect Adjustment 
The following indicate a lean mixture: 
. The engine starts hard. 


ba 


2. The engine backfires through the carburetor 
when opening the throttle suddenly. 


3. The engine refuses to idle. 
The following indicate a rich mixture: 
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1. Spark plugs foul quickly. 

2. Exhaust gas causes one’s eyes to burn. 
3. Black smoke issues from the muffler. 
4, 


Engine operation is uneven, causing “loading 
up” or “loping,” as previously explained. Ona 
Ford, a rich mixture will cause the rear axle to 
have an uneven hum which is distinctly heard at 
Ip raaly on) a, 


POINTERS ON GOOD CARBURETION! 


Good ignition, good compression and good spark 
plugs are necessary for perfect carburetor perform- 
ance. 


Valve stem guides: When the carburetor is 
properly installed and the engine refuses to idle, 
look for defective guides. To locate these defects, 
squirt gasoline from an oil can at the bottom of the 
guides while the engine is running. The tendency 
of the gasoline is to travel upwards through the 
loose guide, and each cylinder will begin firing as 
the gasoline takes the place of air which was pre- 
viously passing through the guide. 


Remedy: New valves should be installed or the 
valve guides should be bushed. A great deal of 
imaginary carburetor trouble can be traced to valve 
springs being weakened and to unequal tension 
having developed. 


Air leaks in intake manifold: When the engine 
refuses to idle, test for air leaks, by removing the 
hot-air tubing from the intake and with a squirt-can 
apply gasoline freely around the manifold connec- 
tions. If an air leak exists the engine will either 
speed up or choke down entirely. Air leaks are 
often responsible for poor mileage, loss of power, and 
over-heating trouble. 


The cause of an engine galloping is found in 
unequal explosion in the cylinders, caused by leak- 
ing valves and pistons, or by leakage past the intake 
guides. It may also be due to improper carburetion, 
allowing some of the cylinders to be fed liquid gaso- 
line. The spark-plug points should be the same 
distance apart; likewise there should be no partial 
short circuit anywhere in the distributor wiring, and 
all brush segments in the distributor should be 
cleaned so that the brush may make equal contact 
with all of them. 


Popping back in the carburetor usually indicates 
a weak mixture, not enough gas; it may also indi- 
“ eate a sticking valve, or possibly a leaky intake 
valve which might be due to lack of clearance 
between the stem and push rod. It could also be 
due to improperly timed ignition or to short circuit. 


Exploding of the gases in the muffler, caused by 
an intermittent spark, generally is due to lack of 
adjustment of the breaker points, to sticking of the 
breaker mechanism, to a loose or badly worn dis- 
tributor brush, or to loose or short-circuited wires 
or connections. 


The proper spacing of spark plugs is very essential. 
There are very few motors that should have a gap 


set closer than .025”’. 


If gaps are set too close, the engine will not idle 
properly, as there will be a loping at low throttle. 
The action is something similar to too rich a mixture. 
Under these conditions the results will be the same 
with either a lean or rich mixture. 


1From instruction on ‘Master Carburetor. 


If spark-plug gaps are set too wide, the engine 
will have a tendency to cut out at high speed. To 
ascertain if it is due to the carburetor mixture, 
enrich the mixture by closing the damper, suddenly 
accelerate the engine, then open the damper for the 
leanest mixture, and again accelerate the engine. 
If the same condition exists with both the “rich 
mixture” and the “lean mixture’ test, you will 
know that it is not carburetor trouble, as both rich 
and lean mixtures have been encountered by these 
operations 


If spark-plug gaps are set too close, it will cause 
the car to jerk at low throttle. The same condition 
will occur if there is a weak spark, a safety gap in 
the magneto set too close, or an exposed wire, which 
will cause the spark to jump across. 


If the engine runs smooth on the level but misses 
on a grade or under extreme pulling conditions, it 
is an indication of ignition trouble, which is likely 
to be located in the coil or magneto, due to a defec- 
tive condenser, or to a punctured armature or coil 
winding. ‘This could also be traced to an improper 
mixture. 


To determine whether the trouble is ignition or 
carburetion, release the clutch when missing occurs, 
leaving the throttle wide open. If the engine speeds 
up instantly and does not miss, it is ignition trouble. 
If the engine does not speed up readily and continues 
to miss, it indicates an Improper mixture. 


Poor compression is another cause of trouble 
which is often blamed on the carburetor and shows 
up more at low engine speeds. It will cause the car 
to jerk at speeds below fifteen miles an hour and 
make it impossible to get good idling with any mix- 
ture. The cylinders with poor compression will 
not draw in as much mixture as those with good 
compression. It will force out on the compression 
stroke a portion of the mixture taken in on the suc- 
tion stroke. This trouble is caused by valves not 
seating properly, valve tappets set too high, or 
poorly fitting pistons or rings. 


To test this out, see if the engine will rock on ail 
cylinders by using the starting crank. This should 
always be tested before making a carburetor installa- 
tion. 


To ‘rock’ means to have a good compression, which offers 
resistance to the piston when it is going up on compression 
stroke. 


If the engine heats up excessively, look for a late 
spark or poor water circulation. If the magneto or 
distributor is set late, the engine will heat and will 
also cause a power loss, and you will be unable to 
get a spark knock with spark advance on a hard pull. 
Overheating could also be caused by an air leak or 
too lean a mixture. 


When the engine backfires, it is caused by too 
lean a mixture. If it backfires continually and you 
are unable to overcome it by adjustment of the 
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carburetor, you will know that a valve is sticking 
open. Exhaust valves closing too early will also 
cause the motor to heat. 


The impression is prevalent that engine knocks 
are caused by a poor mixture. This is in fact very 
rarely the cause, as in the case of overheating, caused 
by a very lean mixture. When the engine knocks, 
look for carbon deposit, the spark being too far 
advanced, loose pistons causing a slap, loose bear- 
ings or wrist pins. Do not lay it on the carbu- 
retor. 


Lubrication: To obtain the greatest possible mile- 
age from an engine it is particularly essential to get 
the full expansion forces of the gases exploding in 
the combustion chamber. This is possible only 
when the best grade of lubricating oil is used. The 
perfect lubrication of an engine means considerably 
more than the mere elimination of friction between 
the moving parts. z 


The vit should form a perfect seal between the 
piston and the piston rings and the cylinder walls. 
This seal is all important in the saving of fuel, for it 
is very evident that if only a small fraction of the 
pressure is lost, a corresponding amount of fuel 
must be used to enable the engine to do the same 
amount of work. ‘The fuel passing by the rings into 
the crank case will eventually dilute the oil to 
such an extent that it will be entirely robbed of its 
lubricating value. It is therefore essential to re- 
place this oil with a fresh supply at least every two 
thousand miles. 


When vacuum systems are used, there are occa- 
sional instances where trouble is experienced by 
gasoline being drawn direct from the vacuum tank 
to the intake manifold, causing the engine to load 
badly. This is due to a leaky check valve in the 
vacuum system caused either by dirt or a punctured 
float. The result is that the vacuum tank fills, per- 


FLOAT TROUBLES 


When a carburetor drips, it usually indicates 
that the float or float-valve mechanism is out of 
adjustment. This prevents the float needle valve 
from properly closing. For instance. the float may 
be loose at the float screw; the gasoline then reaches 
a higher level than the spray nozzle or jet, with the 
result of an overflowing at the spray nozzle. 


_ There are several causes for a dripping carburetor: 
either the float needle valve does not seat, due to 
sediment under it, or perhaps it is worn. 


If sediment is the cause, the needle valve can be 
turned a few times on its seat and will probably 
clear the obstruction. On some carburetors, the 
float needle valve is in the form of a rod running 
through the float. 


If the leak is not in the float needle valve, then it 
is probably due to the float being set so that it does 
not cut off in time to prevent overflowing at the jet. 
Or, in the case of a metal float, there may be a small 
hole in it, preventing it from floating; another 
cause may be that the mechanism is loose. 


A simple method of testing a carburetor float mechanism is 
shown in Fig. 1. 


In making this test, unscrew that part of the carburetor 
which will permit access to the float and float mechanism. 
Then prepare a device consisting of a can with a wire handle, 
a piece of copper tubing soldered to the bottom of the can to 
form an inlet, a piece of rubber tubing, and a nipple or short 
piece of metal tubing with a coupling adapted for attachment 
to the carburetor. The gasoline flows to the carburetor from 
the can, when it is held above the carburetor. By watching 
the float chamber fill with gasoline, the height the gasoline 
reaches at the time the float valve cuts off can be ascertained. 
If the height of gasoline in the carburetor is not sufficient, 
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mitting gasoline to be drawn through the vacuum 
tube direct into the manifold. To determine if this 
trouble exists loosen the vacuum tube connection at 
the manifold; when the engine starts loading, draw 
the pipe out of connection about_one-eighth of an 
inch while the engine is running. If the valve leaks, 
you will notice gas being drawn through the tube. 
Tf there is an air leak existing at the vacuum-tank 
connection, the tank will not supply enough fuel to 
the carburetor under heavy pulling conditions. 


In making carburetor installations it is often 
necessary to use elbow fittings, which will necessi- 
tate tapping the flange for vacuum connections. In 
such cases do not tap the intake manifold too close 
to the outlet of the carburetor throttle, as this will 
reduce the vacuum in the manifold when the throttle 
is suddenly opened to such an extent as to interfere 
with the proper functioning of the vacuum tank. 
The bottom of the vacuum tank should be at least 
two inches higher than the gasoline level in the float 
chamber of the carburetor. 


Vacuum tanks should be drained and cleaned at 
regular intervals. The carburetor is blamed quite 
often for vacuum-tank trouble. However, do not 
lay your trouble to the vacuum system until you 
have proved that it les there. 


When the car runs perfectly at low throttle or 
ordinary speeds and will accelerate quickly without 
backfiring, but will backfire at high engine speeds 
or on hills with wide-open throttle, look for some 
restriction in the flow of fuel from the tank to the 
bowl of the carburetor (providing you are sure the 
spark-plug gaps and ignition are all right). If the 
line is free from restriction, remove the screen and 
wash with gasoline. If there is no restriction up to 
this point, see that the vent hole in the main gas 
tank filler cap is not plugged up and trapping the 
flow of gasoline in the line. 


AND ADJUSTMENTS 


then the float must be raised slightly so that it will cut off later; 
if the height is too great, which can be determined by the 
gasoline flowing out of the jet, then the float must be slightly 
lowered, so that it will cut off earlier. 


Owing to the variation in the suction of different engines on 
a carburetor, it is often found that a slight variation of the fuel 
level or a slight change in the size of the spraying nozzle will 
add greatly to the efficiency of the engine. The first thing to 
do, then, before attempting the adjustment of a float is to 
learn whether or not the float needs adjustment, by seeing if 
the gasoline is at the proper height in the jet when the float 
cuts off the gasoline. 
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CARBURETOR ADJUSTMENTS 


To locate a suspected leak in a float of the hollow metal type: 
If the float is immersed in very hot water, the gasoline will be 
vaporized sufficiently to force its way out through a puncture 
and the spot may be located by watching the bubbles. The 
float should, of course, be removed from the water the instant 
bubbles cease appearing. The remedy is to solder the hole. 


Testing the Float Height 


On most makes of carburetors, the float needle 
valve is intended to cut off the gasoline when the 
level of gasoline in the float chamber reaches a level 
of about 14”’ below the top of the nozzle or jet tube. 
Therefore this height, or the height recommended 
by the manufacturer, ought to be maintained. 


Float adjustment: There is usually an adjustment 
provided. directly above the gasoline float needle 
valve, which will regulate the height of the float. 
Tf not, then on some makes of carburetors (see Fig. 1) 
the float arm can be bent up or down, which will 
regulate the height of the float, and this in turn 
governs the float needle valve cut-off. 


If the leak is due to a faulty seating of the float 
needle valve, then it will be necessary to put in a 
new needle valve or to reseat it. 


Gasoline Level in the Jet 


It is advisable to not tamper with the float unless 
you know positively that itis out of adjustment. 
This can be determined, if continually leaking, by 
making the test suggested above. Carburetors 
with floats similar to the Stromberg type ‘“H”’ are pro- 
vided with float adjustments. A Zenith carburetor 
is used as an example. 


Zenith (Fig. 2): The level of the gasoline is maintained in 
the float chamber so that the gasoline stands 3 millimeters 
below the top of the jet, or about 7/64”. To regulate the level, 
note the washers (L), Fig. 2. 


Master: The float weights are set about 1/32” from the 
bottom of the float lid. 


Schebler: In model ‘‘L,” the top of the cork should stand 
1 1/16” from the top of the bowl in the 1-inch, 144-inch, 114- 
inch and 13-inch. In the 2-inch model ‘‘L” carburetors this 
measurement is 114’ and in the 24-inch model “L,” 154”. 
These measurements should be made when the float valve is 
seated. In the Model R, the height of the cork float should be 
23/32/’ from the top of the bowl when the float valve is seated. 
In models D and E, the cork float should be level and rest 1/16” 
above the top of the nozzle in the 14-inch, 34-inch, and 2-inch 
sizes, and 1/32” on the 1-inch, 1}4-inch, and 14-inch sizes. 
Model H is 19/32”. 
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Fig. 2. This illustration shows the level of gasoline in the 
float chamber and in the jet of the Zenith carburetor. If the 
float level was above the jet, the gasoline would run out of the 
Jet. 


Note: When changing the float level, great care must be 
taken to bend the arm in such a manner that the float will be 
at the proper height, yet perfectly level. 


Stromberg: Note the level of gasoline in the float chamber 
in the Zenith (Fig. 2). This illustration will give the reader 
an idea as to the relation of the level of the gasoline in the float 
chamber to that in the jet. On the Stromberg Model ‘“‘H,”’ it 
should be about one inch from the lower edge of the glass. 
This can be adjusted by removing the dust cap and loosening 
the nut; if the gasoline is too low, screw adjustment up; if the 
gasoline is too high, screw adjustment down. 


On Stromberg carburetors models “‘L” and ‘“‘M”’ the height 
of gasoline should be 1” below the top of the float chamber. 


The adjustment on the Stromberg ‘‘K”’ type can be adjusted 
only by ‘“‘bending the arm,’”’ as previously explained, which 
governs the float level. 


Rayfield: The float level is correctly set at the factory and 
does not ordinarily require adjustment; butifit should, then the 
correct gasoline level should be maintained in the middle of the 
window in the side of the float chamber. 


Cork floats are coated with varnish, but after long periods 
of time this coating may come off and the cork may become 
gasoline soaked, making it heavy and thus causing the float 
needle valve to fail to cut off properly. A mixture for coating 
is as follows: 1 lb. of glue, 1 teaspoon glycerine, 1 quart water. 
Let this come to a boil and add formaldehyde for quick drying. 
When coated, suspend the float by a string until dry. 


Ford carburetor (Kingston and Holley): See Instruction 


on the Ford car. 


TOOLS REQUIRED FOR REPAIRING CARBURETORS 


Tools for repairing the Ford carburetor are given 
below as an example. Many of these tools can be 
used for repairing other carburetors. Special tools 
and wrenches can be obtained of the various car- 
buretor manufacturers. 


2 oz. hammer; 14’ screw driver; 14” screw driver; No. 52 
drill; hand drill; adjustable wrench; pair pliers; flexible 6 
scale; 8” mill file; wrench for inserting spray nozzle (H.),3Z 4675; 
wrench for inserting float-valve seat (H. and K.),3Z 4120; seat- 
ing tool for inlet needle (H. & K.), 3Z 4114; float-setting tool 
and low-speed-tube nut wrench (H. & K.), 3Z 3223; low-speed- 
tube clearance gauge (H.), 24Z 2390; gauge for gasoline level 
(H.), 24Z 2393; float gauge and adjusting tool (H. & K.), 


24Z 3990. 
Tools with a ‘‘Z’? number may be purchased from the nearest 
Ford branch. 


te: ‘‘H’’ means Holley carburetor; ‘‘K’’ means Kingston, 
ea on the Ford. Other numbers and letters are Ford 


stock numbers. 


“ 


Carburetor Repair Bench 


A space should be set aside for testing and repair- 
ing the carburetor, and no greasy or dirty tools 
should be used, as it is important that no dirt gets 


into the assembly. 
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Fig. 3. Carburetor repair bench, 
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A suggestion for a repair bench is shown in Fig. 3. 
A bracket is provided to hold the carburetor in a 
level position. A tank 6’’ above the level of the 
bracket is connected to the carburetor by means of 
a series of standard Ford feed pipes. Note the four 
gasoline pet cocks and connections which permit four 
carburetors to be tested at one time. Below the 
bracket a pan is provided to catch any drippings. 


To guard against fire due to static electricity, the 
bracket should be connected to the drip pan by 
some metallic connector. 
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The carburetor is secured to the bracket and the 
feed pipe is attached to the carburetor from the 
connections (shown on the right) in the regular way. 
Here the gasoline level may be checked and the 
carburetor may be watched to see that it does not 
leak at the float valve. 


A 4” machine vise with jaws opening 514” should 
be provided to hold the carburetor during the 
repair operations. 


LEADING CARBURETORS—PRINCIPLE AND ADJUSTMENT 


Owing to the fact that innumerable improvements 
are constantly being made in carburetor construc- 
tion, it is impossible in this instruction to describe 
all the actual adjustments of all carburetors. 


Repairmen are advised to secure instructions for 
adjustment of all the leading makes of carburetors 
from the manufacturers and to keep them on file 
(see Index for ‘‘Addresses of carburetor manu- 
facturers”’). 


Schebler Model ‘‘R’? Carburetor 


This carburetor may be termed an air-valve type 
of carburetor, with an automatically operated gaso- 
line needle valve controlled by the auxiliary air valve. 


Note that the gasoline needle valve (metering pin 
T) is operated automatically by movement of the 
auxiliary air valve. A concentric-type cork float 
is used. 


Fig. 1A 


Big. 1. Schebler model ‘‘R”’ carburetor. 


Fig. 1A. Showing how the float gasoline needle-valve (B) 
cuts off and opens the gasoline passage (F) by the rise and fall 
of the float (C). 


The parts consist of a float chamber (D), the cork 
float (C), and a float needle valve (B). These three 
parts control all flow of gasoline into the carburetor 
as it is needed by the engine. 


That part of the carburetor where the gasoline 
and air are mixed consists of a mixing chamber (L), 
a spray-nozzle (G), and a needle valve (I). 


The parts which automatically regulate the 
amount of gasoline required from the float chamber 
to provide the proper mixture consist of an auxiliary 
air valve (A) and lever (HA), connected with needle 
valve (1). 


Principle of operation: Gasoline flows from the 
tank through the gasoline pipe into the float cham- 
ber (D). 


As the gasoline rises in the float chamber (D) it 
raises the cork float (C) with it, which, through a 
lever connection, automatically closes the needle 
valve (B) and shuts off the flow of gasoline from the 
tank to the carburetor. Of course, as the gasoline 
is drawn from float chamber (D), the float (C) drops 
and raises valve (B), admitting more gasoline. 


The suction of the pistons draws the gasoline from 
the float chamber (D) through the passages (E) 
into the nozzle well (G), and past the needle valve 
(I) into the mixing chamber (L). As the needle 
valve (I) is raised and lowered, more or less gasoline 
is allowed to spray into the mixing chamber (L). 
At the same time the suction of the pistons draws 
from the warm-air intake (F) and the passages (J) 
warm air.into the mixing chamber (L). As the 
suction of the swiftly moving pistons is very strong, 
the air is drawn through the mixing chamber (L) 
with great velocity, and there, coming into contact 
with the gasolme spray from the nozzle well (G), it 
vaporizes the gasoline. 


This vaporized mixture is then drawn by the suc- 
tion of the pistons past the throttle valve (P) into 
the cylinders. The quantity of combustive vapor 
flowing past the throttle valve (P) is regulated by 
the position of this throttle valve, and the position 
of this throttle valve is regulated by the driver either 
from a pedal called the “accelerator” or a throttle 
lever on the steering post. Opening the valve (P) 
admits more combustive vapor to the cylinders, and 
consequently increases the speed and power of the 
motor. Closing it has the reverse effect. 


At high speed it is obvious that the suction 
through the mixing chamber (L) and the warm air 
passages (J) greatly increases, and as it increases 
beyond the capacity of these passages to supply air, 
a strong suction is brought to bear upon the auxiliary 
air valve (A). At a certain speed this suction is 
sufficient to draw this valve down against the coil 
spring (O). As the valve is drawn down, air rushes 
into the auxiliary air passage (R), and thence past 
the mixing chamber (L) into the cylinders. 


Auxiliary air valve: To take care of this extra 
supply of air there must be an extra supply of gaso- 
line automatically furnished. This is taken care 
of as follows: As valve (A) is depressed against the 
spring (O) it operates the lever (H), which is hinged 
at the point (S). As the lever (H) is depressed by 
the valve (A) it opens needle valve (I) admitting 
more gasoline to the mixture. It will be seen that 
this extra supply of gasoline is always directly in 
proportion to the air supply through the valve (A). 


Dash-pot action: It is obvious that if means were 
not taken to prevent it, the valve (A), which is under 
the tension of the spring (O), would close very 
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abruptly if the speed of the engine was suddenly 
checked. It would also tend to open very abruptly 
if the speed of the engine was suddenly increased, as, 
for instance, if the accelerator was suddenly opened. 
Furthermore, the suction of the cylinders is to a 
certain degree intermittent between the strokes of 
the pistons, and this intermission between the 
strokes would ordinarily tend to cause the valve (A) 
to flutter or vibrate if means were not taken to 
prevent it. The fluttering or vibratory action of 
the valve (A) would result in an unsteady flow of 
gasoline vapor to the cylinders, which would cause 
a vibratory or jarring effect in the engine. Any 
such action is prevented by a device (U) called a 
dash pot. Its function is automatically to insure 
a steady and stable supply of gasoline vapor to 
take care of varying engine speeds under all circum- 
stances. To hold the valve (A) steady and to check 
its sudden closing or opening and to overcome its 
tendency to vibrate, it is attached directly to a 
plunger (T), which operates on a cushion of air in 
the dash pot (U). 


To adjust the carburetor (Fig. 1): Turn the auxiliary air- 
valve cap (K) clockwise, or to the right (right means ‘‘rich’’) 
until you can turn it no farther. Then turn to the left or 
counter-clockwise (left means ‘‘lean”’) through one complete 
turn. Start the engine and then continue to turn (K) to the 
left or counter-clockwise until the engine hits perfectly on all 
cylinders, at the slowest speed possible. Advance the spark 
lever two-thirds or three-fourths the way on the sector and 
then suddenly open the throttle lever or accelerator wide. 
If the engine back-fires on this quick acceleration, turn the 
spring adjusting screw (V) up until the carburetor works 
perfectly. 


By turning the screw (V) up or inward, it is turned against 
the spring (O), which increases its tension, thus preventing 
valve (A) from admitting air into the carburetor too freely. 


Turning (K) to the right, or clockwise, lifts the needle valve 
(I) out of the nozzle well (G) and permits more gasoline to 
spray into the mixing chamber. 


When (K) is turned to the left, or counter-clockwise, it lowers 
the needle in the nozzle and shuts off the gasoline. It should 
be remembered that it is desirable, from both points of economy 
and power, to drive the car with the leanest mixture possible. 


The throttle valve should be adjusted so that when the hand 
throttle is closed, the engine will idle and run evenly on all 
cylinders. This can be ascertained by the regularity of the 
impulses in the exhaust when both the spark and throttle levers 
are set at their lowest positions. Ifthe engine, however, should 
run too fast, or should stop when the throttle is at lowest posi- 
tion, adjustment is necessary. Directions for this are as 
follows: 


Loosen the set screw (X) which locks the adjusting screw (Y) 
where the throttle shaft enters the carburetor. Place throttle 
in lowest position. If the engine runs too fast, unscrew adjust- 
ing screw (Y) so that the butterfly throttle valve (P) is closed 
a little tighter. If the engine runs too slow, screw in the 
adjusting screw so that the valve is held a little more open. 
Lock adjusting screw (Y¥) with set screw (X) after adjustment. 


Schebler Model ‘‘L’’ Carburetor 


This carburetor may be termed an “air-valve 
type” of carburetor with a mechanically operated 
gasoline needle valve. Note that the gasoline 


needle valve (B) is raised and thus opened mechani- 
cally by movement of the throttle lever which is 
connected with a cam arrangement (C). As the 
throttle lever is opened, the cam action raises the 
arm (J) connected with the gasoline needle valye, 
thus raising the needle valve from its seat (S) and 
admitting more gasoline at the jet. 


To adjust the carburetor: First, make adjustments on the 
auxiliary air valve (A) so that it seats firmly, but lightly; then 
close the needle valve by turning the adjustment screw (B) to the 
right until it stops. Do not use any pressure on this adjust- 
ment screw after it meets with resistance. Then turn it to 
the left about a turn and a half and prime or flush the carbu- 
retor by putling up the priming lever (C) and holding it up for 
about five seconds. Next, open the throttle about one-third, 
and start the engine; then close the throttle slightly and retard 
the spark and adjust the throttle-lever screw (F) and needle 
valve adjusting screw (B) so that the engine runs at the desired 


speed and hits on all cylinders. 


Fig. 2. Schebler model “‘L”’ carburetor. 


_ After getting a good adjustment with the engine running 
idle, do not touch the needle valve adjustment again, but make 
intermediate and high-speed adjustment _on the dials (D) and 
(E). Adjust pointer on the first dial (D) from figure No. 1 
toward figure No. 3, about half-way between. Advance the 
spark and open the throttle so that the roller on the track 
running below the dials is in line with the first dial. If the 
engine back-fires with the throttle in this position and the 
spark advanced, turn the indicator a little more toward figure 
No. 3; or if the mixture is too rich, turn the indicator back 
or toward figure No. 1 until satisfied that the engine is run- 
ning properly with the throttle in this position, or at inter- 
mediate speed. Now, open the throttle wide and make adjust- 
ment on dial (E) for high speed, the same as adjustments 
for intermediate speed on dial (D) 


Note: In the majority of cases, in adjusting this carburetor, 
the tendency is to give too rich a mixture. In adjusting the 
carburetor, both at low, intermediate, and high speed, cut 
down the gasoline until the engine begins to back fire, and then 
increase the supply of fuel, a notch at a time, until the engine 
hits evenly on all cylinders. Do not increase the supply of 
gasoline by turning the needle valve adjusting screw more than 
a notch at a time, in low-speed adjustment, and do not turn 
it after the engine hits regularly on all cylinders. 


In making the adjustments on the intermediate and high- 
speed dials, do not turn the pointers more than half-way at a 
ee between the graduated divisions or marks shown on the 

als. 


Stromberg Model ‘‘H”’ 


This carburetor would be termed a compensating- 
type carburetor, because, as previously stated, an 
auxiliary full jet comes into action as the throttle is 
opened. 


For low speeds the gasoline is taken from the 
spray nozzle (C), in a venturi tube, through which 
hot air passes. Regulation of amount of gasoline is 
by needle valve (A) (Figs. 3 and 4). 


Fig. 3. Stromberg model ‘‘H” carburetor. 
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For high speeds, the nozzle in the center of the 
air valve is automatically regulated by opening of 
the air valve thus supplying the necessary volume 
of gasoline for high speed. 


Adjustment for high speed is by (B), which con- 
trols the amount of flow of gasoline on high speed 
by regulating the time when the needle valve begins 
to open. The needle valve opens only when (B) 
comes in contact with (X). (B) is raised by a 
throttle opening at high speed. There is usually 
about 1/32’ clearance between (B) and (X). 


Low-speed adjustment is controlled by the needle 
valve (A). If too rich, as indicated by the engine 
“Tolling” or “loading,” turn (A) up, thus admitting 
less gasoline and making the mixture leaner. If 
the mixture is too lean, turn (A) down, thus admit- 
ting more gasoline and a richer mixture. 


High-speed adjustment: Advance the spark, 
open the throttle. If the mixture is too lean on 
high speed, screw (B) up until desired results are 
obtained. If the mixture is too rich, screw (B) 
down. 
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Fig. 4. Sectional view of Stromberg model ‘‘H”’ carburetor. 


Nozzle: Before changing a nozzle, check up closely on the 
ignition system, and examine all manifold and valve-head 
connections for air leaks, as it is absolutely impossible to make 
a carburetor operate properly if the ignition is not in good 
condition or if there are air leaks in the engine. 


Tf, however, with the engine in normal condition, it is neces- 
sary to turn the needle valve (A) down more than two and a 
half turns, and still the engine will not idle, it indicates that 
phe pritaary nozzle is too small and that a larger one should be 
used. 


If it is impossible to get enough gas on high speed except 
when nut (B) is so high that there is no clearance at (X) on idle, 
a higher number needle valve should be used. 


Tf there is too much gas on high speed when nut (B) is turned 
down as far as it will go, a lower number needle valve 
should be used. 


To change the primary nozzle (C), take out the needle valve (A) 
and remove nozzle with a regular screw driver. To remove 
the taper valve on high speed, pull up the steering post control, 
unscrew nut (B) all the way, and lift valve out. This valve 
and nut (B) are assembled together and should be ordered in 
that way. Do not attempt to take these apart or to change 
the taper. 


Never change the nozzle more than one size at a time. The 
nozzle opening gets smaller as the number gets larger; thus a 
No. 59 is smaller than a No. 58. 


High-speed needle valves deliver more gas as the number 
gets larger; thus a No. 7 will give more gas than No. 6. 


Always install the carburetor with the float chamber towards 
the radiator. 
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Fig. 5. Phantom sectional view of model “H’” Stromberg 
carburetor, showing high-speed needle and primary nozzle in 
action. Note the path of the gas. 


Marvel Model ‘‘E’? Carburetor 


The Marvel model “E”’ is a double jet, ‘“compen- 
sating type’ of carburetor, with the application of 
exhaust heat to a jacket surrounding the throttle 
chamber and venturi tube, the amount of heat be- 
ing automatically controlled by the throttle opening. 
Outside the float mechanism this carburetor has but 
one moving part, the auxiliary air valve. (See 
Figs. 6 and 7.) 


Fig. 6. Marvel model ‘‘E”’ carburetor. 
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Fig. 7. Sectional view of Marvel model “‘E”’ carburetor. 


CARBURETOR ADJUSTMENTS 
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Two jets are used, a primary low-speed jet and a 
secondary high-speed jet which is brought into 
action by the opening of the auxiliary air valve. 


When the engine is idling, the hinged auxiliary air 
valve (V) (Fig. 7) rides on its seat against the bore of 
the mixing chamber, thus closing off the air passage 
past the tall high-speed nozzle jet, rendering it 
ineffective. At this time the air passes up through 
the small venturi surrounding the low-speed jet. 


As the suction of the engine increases the auxiliary 
air valve is opened against the spring pressure, and 
the second jet (high speed), comes into action. 


A choker valve (see air shutter) in the main air 
intake allows a rich mixture to be obtained for 
starting. This device may be controlled from the 
dash, so that when the engine is cold it may be closed 
to prevent back-fires, and may be gradually opened 
up as the engine warms up. 


The feature of this carburetor, previously men- 
tioned, is the exhaust-heated jacket. The heat is 
controlled by a damper connected to the throttle 
lever, which damper can be set to give any degree of 
heat desired. This is of particular importance, as 
the quality of gasoline is yearly becoming heavier 
and heavier. ‘This heat damper, therefore, can be 
set to admit sufficient heat to secure good vaporiza- 
tion of heavy fuel on low throttle, and then, as the 
throttle is opened, the heat is automatically cut off, 
thus insuring maximum power at the higher speeds 
where heat is not necessary to good carburetion. 
By such an application of heat the entering air is 
not preheated, and this naturally results in greater 
thermal efficiency and power due to a maximum 
cylinder filling at each stroke of the pistons. 


Adjustment: start by turning needle valve (A) to the right 
until it is completely closed Then adjust the air adjustment 
@) until the end of the screw is even with the end of the ratchet 
set spring above it. 


Next, open (A) (gasoline needle) one turn, start the engine 
as usual, using the strangler button (S) to get a rich mixture 
at first. Allow the engine to settle and warm up; then gradu- 


ally cut down on (A) until the engine runs smoothly. 


Next, turn air screw (B) to the left, a little at a time, until 

the engine begins to slow down. This indicates that the air- 
valve spring is too loose. Turn it back to the right just enough 
to make the engine run well. 

To test the adjustment, advance the spark and open the 
throttle quickly. The engine should “take hold” instantly 
and speed up at once. If it misses, or “pops back’”’ in the 
carburetor, open needle valve (A) slightly, turning to the left. 
If this does not give results, the air screw (B) may be tightened 
a little by turning slightly to the right. It should be borne in 
mind that the air valve should be carried as loosely as possible, 
and that the adjustment for ‘‘pick-up’’ may be obtained by 
carrying more gas with needle valve (A), rather than to tighten 
up the air valve too much. 

The best possible adjustment is secured when air adjustment 
(B) is Gasaed: as far as possible to the left and needle valve (A) 
to the right, providing the engine runs smoothly and picks up 
quickly when the throttle is open. The speed of the engine is 
governed by the small set screw in the throttle stop. If the 
engine runs too fast, turn the screw to the left; if too slow, turn 


the screw to the right. 


Marvel Carburetor Connected to a Buick 


The illustration (Fig. 8) is that of the gasoline sys- 
tem of the Buick six-cylinder, enclosed-model car. 
Note the vacuum gasoline feed system connected 
with the intake manifold and carburetor. 


The Buick exhaust heating method of the mixture, 
by means of the exhaust manifold surrounding the 
intake manifold is shown. 

A gasoline gauge is shown on the dash, the pur- 
pose and explanation of which is as follows: 


isual oline gauge is located on the dash of the closed 
Be and Bay mechanically operating device which 


registers at all times the quantity of gasoline remaining in the 
main gasoline tank attached to the rear of the car. 


It consists of a cork float, a piano wire, and a graduated 
registering dial. The cork float (F) is fastened to the tank 
base extension by means of an arm bent at the proper angle, 
which rises and lowers as the gasoline level changes. 
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Fig. 8. Fuel system of the Buick in which the Marvel car- 
buretor is used. 


GASOLINE TANK 


The piano wire (P) is attached to the float arm by means of 
a clip, and as the float rises and lowers it forces the wire to 
oscillate in and out of the tank through an aperture in the tank 
base which is fastened to the tank, from which a flexible tubing 
or casing (T) extends to the gauge on the dash inside of which 
the piano wire oscillates. 


The graduated dial or drum is enclosed in a housing which 
fastens to the instrument plate, and the gasoline level is 
registered by the longitudinal motion of the wire. The drum 
is supported by pivot pins, and a constant tension is maintained 
with a hair-spring adjustment, set in such a manner as to per- 
mit the drum to rotate. The registering figures are placed on 
the outside of the drum and show through a small aperture in 
the face of the instrument conveniently located on the dash. 


Rayfield Models ‘“‘G’’ and ‘‘L”’ Carburetor 


Rayfield carburetors are made in two types: 
model “G” and “L,” the difference being that 
model “G”’ has a water-jacket. 


In both models the air-valve adjustment has been 
eliminated, high and low-speed adjustments being 
made through the control of the fuel. 


Both models are of the two-jet type, one jet feed- 
ing at low speed and both at high speed. The 
principle of this carburetor is explained in Fig. 24 
and on page 102. 
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Fig. 9. Side view of Rayfield model ‘‘G’’ carburetor. 


There are three air openings, one fixed and operat- 
ing in conjunction with the low-speed nozzle and the 
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other two having automatic valves linked together 
and operating simultaneously. 
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Fig. 10. Sectional side view of Rayfield model ‘“G”’ carburetor. 


The high-speed nozzle is controlled by a metering 
pin actuated by the upper automatic air valve. The 
stem. of the valve is connected to a piston working 
in the dash pot, from which a passage communicates 
with the float chamber; the dash-pot chamber has 
direct connection with the high-speed nozzle. 


When the throttle is opened, the tendency of the 
air valve to open suddenly and excessively, and to 
flutter, 1s checked by the dash-pot piston, which at 
the same time forces an extra supply of fuel into the 
nozzle and enriches the mixture for acceleration; 
the slow opening of the air valve increases accelera- 
tion by causing strong suction on the nozzles. 


When adjusting a Rayfield, bear in mind that 
both adjustments are turned to the right for a richer 
mixture, as indicated on the adjustment screw heads. 


The Rayfield dash control connects with the car- 
buretor by a wire. When properly used, this will 
render starting easy, furnish a richer mixture when 
the engine is cold, and maintain a correct mixture 
under extreme atmospheric changes. 


Raising the dash control lifts the spray needle and 
supplies a richer mixture. When it is raised full 
distance, a direct passage is opened, permitting raw 
gasoline to be drawn from the fuel chamber of the 
carburetor to the engine. The control button (or 
lever) should be down for running, except when a 
richer mixture is desired. 


The automatic air valve should be closed when 
the engine is not running, or when throttled down. 


The low-speed adjustment is to be used only when 
the engine is running idle and positively must not be 
used in adjusting high speed. Never adjust a 
carburetor unless the engine is hot and the water 
jacket of the carburetor warm. 


Fig. 11. Simplified illustration of the Rayfield. Note that 
two air valves, with a dash pot for acceleration, are used. 
(A), float chamber; (AA), dash pot; (B), stop screw; (F), auto- 
matic air valve; (H), nozzle needle; (N), low-speed adjustment; 
(M), cam; (O), high-speed adjustment; (S), drain cock; (Y),block. 
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Adjusting low speed: With the throttle closed and the dash 
control down, close the nozzle needle by turning low-speed 
adjustment to the left until block (U) (Fig. 9), slightly leaves 
contact with the cam (M). Then turn to the right about 
three complete turns. Start the engine and allow it to run 
until warmed up. Then with retarded spark, close the throttle 
until the engine runs slowly without stopping. Now, with 
engine thoroughly warm, make final low-speed adjustment by 
turning low-speed screw to the left until the engine slows down 
and then turn to the right a notch at a time until the engine 
idles smoothly. If the engine does not throttle low enough, 
turn stop arm screw (A) (Fig. 12) to the left until it runs at 
the lowest number of revolutions desired. 


Fig. 12. (A) stop arm screw; (B) stop arm; turn screw 


(A) to left to throttle engine lower. 


Adjusting high speed: Advance spark about one-quarter. 
Open the throttle rather quickly. Should the engine back-fire, 
it indicates a lean mixture. Correct this by turning the high- 
speed adjusting screw to the right about one notch at a time, 
until the throttle can be opened quickly without back-firing. 
If “loading” or choking is experienced when running under 
heavy load with throttle wide open, it indicates too rich a mix- 
ture. This can be overcome by turning the high-speed adjust- 
ment to the left. 

To start the engine when cold: First close the throttle and 
pull the dash control all the way up. Second, when the engine 
starts, open the throttle slightly and push the dash control one- 
quarter of the way down. Third, as the engine warms up, push 
the control down gradually; when thoroughly warm, push the 
control all the way down. When the engine is warm it is nec- 
essary to pull the dash control only part way up for starting. 

Hot-water connection is connected with the suction end of 
the pump (between radiator and pump). The connection on 
the other side connects with the water jacket of the engine or 
upper water pipe. <A shut-off cock is provided for hot weather. 
See that these connections are made so that water will be 
drained out of the carburetor Jacket when the system is drained. 


Attach a hot-air stove to the exhaust pipe and connect to 
the constant air elbow of carburetor by a flexible tube. Con- 
nections are 5/16” outside diameter tubing for gasoline and 
water connections, 


Rayfield Model ‘‘M’’? Carburetor 


The model “M”’ Rayfield (Fig. 13) isa smaller type, 
incorporating the features of the Rayfield model ““G”’ 
without the dash pot. Fig. 14 shows the principle 
of the primer incorporated within the carburetor. 
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Fig. 13, Rayfield model “M” carburetor. 


CARBURETOR ADJUSTMENTS 


_To adjust this carburetor, bearing in mind all the precautions 
cited previously, proceed as f ollows: The low-speed adjustment 
is turned to the right for a rich mixture, to the left for a lean. 


With the engine running idle and the dash control down, 
turn the low-speed screw to the left one notch at a time. 
Between each movement of the thumb screw, the engine should 
be accelerated and allowed to come back to its idling speed. 
In this way a very exact adjustment can be obtained. If the 
slow-speed adjustment is obtained by turning the screw down 
all at once, a very accurate setting will not be obtained. When 
this screw has been turned down until the engine manifests a 
marked falling off in speed, it is a sign that the correct position 
has just been passed a notch or two. During the accelerating 
periods, the engine will commence to miss and spit back when 
the lean mixture is reached. 


The intermediate and high speed is made accessible by 
removing the hot-air elbow from over the main air valve. It 
is well to observe a little precaution at this point. The high- 
speed screw should not be moved more than one-eighth turn at 
atime. This screw produces very effective results in the action 
of the carburetor, and its movement should therefore be cor- 
respondingly regulated. The economy of the engine is affected 
in a very pronounced manner by turning this screw. 
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Fig. 14. Internal primer on the Rayfield model ““M.” 


Johnson Carburetor 


The Johnson is a ‘‘gravity air-valve type,” with a 
single concentric jet, in which an air valve is made 
up of a sleeve rising and falling by suction and 
gravity in a cylindrical passage above the jet. 


There are three stages of vacuum: one is the space 
between the throttle and strangle tube; the second, 
in the strangle tube itself; the third, in the space 
below the plate on the bottom of the air-valve sleeve. 
By removing the location of the idling adjustment 
(in Fig. 15) the gasoline flow (for idling) is brought in 
a zone of greater vacuum and hence better idling. 
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Fig. 15. Adjusting, old style Johnson carburetor. 
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Indications of incorrect adjustment: (A), lean mixture; (B), 
engine difficult to start; (C), “popping back’’ on quickly open- 
ing throttle; (D), engine knocks when throttle is opened quickly; 
(E), engine will not idle. 


Many mechanics can adjust this carburetor for high speeds, 
but sometimes find difficulty in adjusting for low speeds or 
idling. The correct procedure of adjustment is as follows: 
(1) retard spark; (2) close the slow-speed air-adjustment 
screw (Fig. 15); (3) warm engine; (4) see that the intake pipe 
manifold, where it connects to the carburetor flange, does not 
leak air; (sometimes a water-jacketed intake manifold will 
become ‘‘air-locked”’ and water will not circulate, depriving it 
of heat; open “plug’’); (5) accelerate the engine by opening 
and closing the throttle rapidly; if the mixture is too rich, 
acceleration will be sluggish; if too lean, it will “‘pop back” 
considerably; the spray needle adjustment should be set 
between these two points; (6) retard the spark and close the 
hand throttle; adjust the throttle stop screw until the engine 
runs very slowly, regardless of whether it operates evenly or 
not; (7) open the slow-speed air adjustment until the engine 
idles evenly, if possible; if it runs too fast, close down the 
throttle stop-secrew; the adjustments on the stop-screw and 
the low-speed screw should be made simultaneously; (8) it may 
be found that the low-speed air adjustment cannot be opened 
at all; in this case the low-speed mixture is too lean; possibly 
the low-speed air adjustment can be opened more than 314 
turns, when the mixture is too rich; do not touch the spray- 
needle setting, but proceed as follows: 


Disassemble the carburetor: A small ring, shownin Fig. 15, 
is attached by two lugs to what is known as the lift plate. This 
ring is somewhat curved, and if the slow-speed air adjustment 
ean be opened more than 31% turns without obtaining good 
idling, the curve is excessive and the ring should be slightly 
flattened, If on the other hand the air adjustment cannot be 
opened, the ring is too flat and should be slightly curved. The 
standard setting is 3/32” from the edge of the ring to the lift 
plate to which it is attached. 


Adjusting (Model “A”): (1) Turn both idle screw and high- 
speed needle (Fig. 16) to their seats, and set the throttle stop in 
approximately the correct position for closed throttle; (2) open 
the high-speed needle 144 turns. This permits the engine to 
be started. Warm the engine up by running a few minutes; (3) 
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Fig. 16. Johnson model ‘‘A’’ carburetor. 


place the spark lever in full retard position, and open the 
throttle until the engine turns at a speed equivalent to about 
20 to 25 miles per hour; (4) turn high-speed spray needle to 
the right until the engine speed decreases; (5) then turn the 
spray needle to the left until the engine speed increases and 
then decreases from a rich mixture; (6) turn again to the right 
to a point midway between the extremes; this is the correct 
mixture and will give the best results for all throttle positions; 
(7) adjust the throttle stop screw to the desired idling position, 
(8) if uneven firing occurs, correct either by unscrewing the idling 
jet to enrich the mixture or by screwing up the idling jet to give 
a leaner mixture. The average setting is one-half turn from 
the seat. This adjustment must be made with the spark and 


throttle levers fully retarded. 


The float should set evenly all around, the bottom being 
714” from the float-chamber seat, as shown in Fig. 16. 


Principle of the Zenith Carburetor 


We shall first consider a simple type of carburetor 
or mixing valve as an example, to lead up to the 
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principle of the Zenith. This consists of a single 
jet (G), placed in the path of the incoming air, and 
fed from the usual float chamber (F) (see Fig. 17). 


Fig. 17. A simple type of carburetor; jet (G), fed from 
float chamber. : 


As the speed of the engine increases, the flow of 
the air increases, but the flow of gasoline from the 
jet increases faster, causing the mixture to become 
richer and richer. The mixture is practically con- 
stant only between narrow limits and at very high 
speed. 


Fig. 18. Spray nozzle (H), receives gasoline from well (J), 
instead of from float chamber. 


A second type of carburetor (Fig. 18) is shown in 


which the spray nozzle receives its gasoline from the 
well (J). 


The gasoline in the well is fed by gravity only 
through compensating jet (I), and is not affected by 
the suction, as the well is open to atmospheric pres- 
sure. The flow of gasoline is therefore constant at 
all engine speeds. While the flow of air increases 
with the engine speeds, the mixture also becomes 
poorer and poorer as the speed increases. 


Fig. 19. A combination of Figs. 1 and 2. 


It will readily be seen that the second type pro- 
duces the opposite effect from the first, while a com- 
bination of the two, as shown in Fig. 19, willresult in 
a constant mixture, when jets are properly chosen. 


Fig. 20. The standard Zenith carburetor model “I,” for 4 or 
6-cylinder engines, made in five sizes ranging from 1” to 2” size 
of opening to the intake manifold. This type is used exten- 
sively abroad. 


This construction, further illustrated in Fig. 20, ad- 
mits of the addition of the priming tube (J) (Fig. 20) 
extending into the secondary well (P) and opening at 
the point (U) (Fig. 20) of the closing butterfly (T). 
With the butterfly partially open, the suction at this 
point (U) is powerful and draws the well full of gaso- 
line into the cylinders, effectively priming the engine. 
Also, by the introduction of this secondary well, 
which measures the gasoline used in running idle, a 
perfect mixture is obtained at very low engine 
speeds. : 


The level of the gasoline in the float chamber is 
set at the factory and need not be changed. In case 
this becomes necessary, the gasoline level is as shown 
in Fig. 19. 


The setting or adjusting of the Zenith carburetor 
is the choosing of the proper size of choke tube or 
venturi, and gasoline jets and secondary well. 


The choke tube or “air nozzle” (X) is held in place 
by a screw and can be easily changed when the 
butterfly throttle has been removed. — Its object is 
to obtain a correct gas velocity around the jets. A 
choke too small will restrict the flow of air and pre- 
vents the motor from receiving enough mixture for 
high speed. A choke too large will cause irregu- 
ena when running fully open, and when slowing 

own. 


_ The main jet (G) is easily removed after unscrew- 
ing the lower plug. This jet is of the ordinary type 
and has a predominating influence at high speeds. 


The compensating jet (I), corrects the action of 
the main jet, and has a predominating influence at 
low speeds, as when climbing a hill. 


_ The throttle adjusting screw will regulate the open- 
ing of the throttle for slow speed and the position of 
the screw (O) will regulate the quality of the mixture 
at that speed; in screwing in this piece the mixture 


will get richer, and in unscrewing it, the mixture will 
get leaner. 


CARBURETOR ADJUSTMENTS 


’ Adjustments: If the engine does not slow down or idle, or 
if it “‘lopes,” that is, speeding up and slowing down as if fitted 
with a governor, it is evidently getting too much gasoline. 
(1)_adjust air screw (O); (2) look for air leaks at manifold 
and other joints; see that jets are tight on seat; (3) look for 
water accumulation in the passages; remove plugs under the 
carburetor and clean (I) and (G). 


If engine does not pull properly going up hill: (1) the engine 
may be cold or insufficiently heated; (2) the mixture may be too 
lean or too rich (irregular running results in the latter case); 
try a larger or a smaller compensating jet (I), using the one 
which gives best results; try this also with jet (G) and adjust 
the choke tube to a corresponding size. 


If the car does not attain its proper speed: (1) mixture 
may be too lean; try adjusting slow speed (O); if the trouble is 
chronic, try larger main jet (G); (2) if the mixture is too rich, 
try regulating air intake at (Z) (Fig. 24); if the trouble is 
still chronic, try a smaller-size main jet (G). 


When trying a new jet, the choke tube (X) must also be 
changed. The choke can be removed from the upper part of 
the barrel by removing screw (X1) and the throttle valve. If 
it is stuck, remove the cap and jet at the lower part of the 
carburetor and use a brass rod to drive it out. 


Zenith model “O,” a modified “L” type designed 
It is an Americanized 


Fig. 21. bens 
with shorter jets and simpler idling well. f 
Zenith, not intended for export, and sells for a less price than 
model “‘L’’. Not designed for high-pressure feeds. 


con- N —Seat of slow-speed ad- 
justment screws. 
—Slow-speed adjustment 


A—Main air intake, cc 
nected by flexible tubing 
to take air from around 


the hot exhaust pipe. screws. 
C—Float cover. —Spring to hold float 
Ci—Needle-valve cap; by cover. 


—Needle-valve seat. 
—Butterfly throttle valve 
which is operated by T1, 


unscrewing this the float 
can be operated for 


Hu wo 


riming if necessary. i S 

Deer ouncois to gasoline which is connected by 
supply. throttle rod to accelera- 
D1—Filter screen. tor or hand throttle 
D2—To drain. lever on steering wheel; 


the opening of T, when 
closed for idling, 1s regu- 
lated by the stop and 
two set screws shown to 


E —High-speed gas opening. 
E1 —Main jet set screw. 
F —Float (metal). 


G —Main jet. 3 
G2—Needle-valve collar. the side of T1. 
H —Cap jet. T1 —Lever operating throttle 


butterfly valve. 
X —Choke tube. 
X1—Screw holding choke 
tube in place. 


I —Compensator. |. 
J —Priming plug in idling 

well. ‘ 
K —Low-speed gas opening. 
L —Lower plug. 
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Zenith Model ‘“‘HN’’ Carburetor 


Another type of Zenith carburetor is the model 
“FIN.” It is similar to the models ‘‘O” and “L,” 
except that it is designed for block-cast cylinder 
engines where the carburetor is fastened directly to 
the cylinder block without the use of a manifold, 


alt 


\ 7% 
SCS8s L 


Fig. 22. Zenith model ‘“HN”’ carburetor. 


Zenith Duplex Carburetor 


The Zenith duplex carburetor is so named, because 
there are two carburetors combined into one unit, 
both using the same float. This type of carburetor 
is used extensively on ‘‘V’’-type engines and is a 
true “compensating type,” as is also the models 
shown in Figs. 20, 21 and 22. 


The float is of metal and is a side-float type. The 
carburetor connection is vertical. 


Zenith Vertical ‘‘Duplex’’ model ‘‘OD” carburetor 


Fig. 23. t Dur ( 
for eight and twelve-cylinder -type engines. 


Adjustments: There are but two adjustments on the Zenith 
and they apply to practically all models. These adjustments 
are provided to “‘idle”’ the engine properly. With the average 
carburetor, if maximum speed is desired, proper idling at slow 
speed is sacrificed, or vice versa. By means of admitting more 
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or less air, however, through the small slow-speed adjusting 
screws (O), the Zenith carburetor will idle without choking 

and “‘loping,” and yet the maximum speed can be obtained— 
providing, of course, the main jet, compensator, and choke tube 


are of the proper size. 


By referring to the illustration (Fig. 21) it will be observed 
that a small amount of air is admitted over and above the 
mixture through the plug (J) that is fed from the idling well. 
After the engine is speeded up the mixture is drawn through 
the main jet. 


There are three parts which must be of the correct size: the 
choke tube (X), main jet (G), compensator (I). The size is 
determined by the manufacturer, according to the type of 
engine: four, six, or eight-cylinder, bore and stroke. After 
once being fitted to the carburetor, there are no other ad- 
justments except the slow-speed valve (O), as mentioned 
above. 


If the choke tube is too large the pick-up will be defective 
and cannot be improved by the use of a larger compensator. 
Slow-speed running will not be very smooth. 


If the choke tube is too small, the effect is to prevent the 
engine from taking a full charge with the throttle opened fully. 
The pick-up will be very good, but it will not be possible to get 
all the speed of which the car is capable. 


If the main jet is too large, at high speed on a level road it 
will give the usual indications of a rich mixture: irregular run- 
ning, characteristic smell from the exhaust, firing in the muffler, 
sooting up at the spark plugs, low mileage. The influence of 
the main jet is mostly felt at high speeds. 


If the main jet is too small, the mixture will be too lean at 
high speed and the car will not attain its maximum. There 
may be back-firing at high speed, but this is not probable, 
especially if the choke and main jet are according to the factory 
setting. This back-firing is more often due to large air leaks 
in the intake or valves, or to defect in the gasoline line. 


The compensator (I): From the explanation of the Zenith 
principle given on page 130, it will be readily noted that the 
influence of the compensator is most marked at low speeds. 
The compensator size is best tried out on a hill, as regular and 
as long as possible, and of such a slope that the engine will 
labor rather hard to make it on high gear. A long, even, hard 
pull of this sort taxes the efficiency of the compensator to the 
utmost, and -will indicate readily the correctness of its adjust- 
ment. 


If the compensator is too large, too rich a mixture will result 
on a hard pull. It will give the same indication as for rich 
mixture at high speed on the level. 


If the compensator is too small, too lean a mixture will result. 
The engine is liable to miss and give a jerky action in the car, 
on a hard pull. : 


Note. When trying out or fitting new jets, etc., tests should 
be made systematically, first starting the main jet, then the 
compensator, then the choke. Bear in mind that when the 
choke is increased the main jet should be increased. Water 
in the gasoline will sometimes lodge in tube (J) and prevent 
proper idling. Remove and clean. This is a common trouhle 
unless a strainer is used. 


A temperature regulator as used on the Zenith carburetor is 
shown in Fig. 24. It is placed on the air opening of the carbure- 
tor. The air-control lever or air regulator operates the ‘‘air 
lever” or “choke” valve (Y), admitting more or less warm air. 


0 r by the temperature. In 
summer, the opening (Z) is usually wide open, but closed more 


‘Stromberg Carburetor Models “*L”? and *“*M’? 


The Stromberg models “L,” “LB,” “M,” and “MB” 
are all called the “plain-tube carburetor,” the prin- 
ciple of which is explained on page 134. 
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The “L” and “M” models are the same earbure- 
tor, except that model “L” has an “economizer”’ 
action. The “L’” and ‘‘M” are made for vertical 
connections to the intake manifold. 


The “LB” and “MB” models are of the same 
principle as “L”’ and “M,” except that they are 
made for horizontal connections to the intake mani- 
fold. The “LB” has the economizer action, the 
same as “L.” 


Instructions for Stromberg ‘“‘L’? and “LB” 
Carburetor 


This carburetor differs from older styles in that \it 
is a plain-tube type, having the air passages fixed 
in size, while the gasoline is automatically and 
accurately measured by the air flow itself, at all 
speeds and loads. The mixture proportion is main- 
tained constant by the “air-bled nozzle” construc- 
tion, in which a small amount of air is mixed with 
the gasoline before it reaches the jets. 


There are three adjustments, the high speed, the 
extremely low speed or idle, and the “economizer.” 


The high speed is controlled by the knurled nut 
(A) (Fig. 25) which locates the position of the needle 
past whose point is taken all the gasoline at all speeds. 
Turning nut (A) to the right (clockwise) raises the 
needle and gives more gasoline; to the left, or 
counter-clockwise, less. 


If an entirely new adjustment is necessary, put 
economizer pointer (L) in 5th notch (or nearest to 
float chamber) as an indicator; turn nut (A) to the 
left, counter-clockwise, till the needle reaches its 
seat, as shown by nut (A) not moving when the 
throttle is opened and closed. When the needle 1s 
in its seat it can be felt to stick slightly when nut 
(A) is lifted with the fingers. Find adjustment of 
(A) where it just begins to move with the throttle 
opening, then give 24 notches to the right or clock- 
wise (the notches can be felt). Then move the 
economizer pointer (L) back to (O) notch (away 
from float chamber). ‘This will give a rich adjust- 
ment. After starting and warming up the engine, 
thin out the mixture by turning (A) counter-clock- 
wise, and find the point where the engine responds 
best to quick opening of the throttle, and shows the 
best power. 


Low speed or idle adjustment: The gasoline for low speed is 
taken in above the throttle through a jet at (K), and is regulated 
by dilution with air as controlled by the low-speed adj usting 
screw (B). Screwing (B) in clockwise gives more gasoline; 
outward, less. The best adjustment is usually 14 to 3 turns 
outward from a seating position. Note that this is only an 
idling adjustment and does not affect the mixture above 8 miles 
per hour. When the engine is idling properly there should bea 
steady hiss in the carburetor; if there is a weak cylinder or a 
manifold leak, or if the idle adjustment is very much too rich 
the hiss will be unsteady. : 


The amount of economizer action needed de ends u 

grade of gasoline and upon the temperature. Taree Mig owene 
the best economizer adjustment will usually be the third or 
fourth notch. With Pennsylvania gasolines and in the South 
the. second notch; while on the Pacific Coast no economizer 
action 1s necessary unless Distillate (which should not be below 
50° Baume) is used, Also fewer notches of economizer action 
will be necessary in summer than in winter, 


CARBURETOR ADJUSTMENTS 


Note. All Stromberg carburetors are supplied with hot-air 
attachments and a temperature regulator. When adjusting 
type “‘L,”’ the dash control lever should be all the way down 
and the air-horn cam plunger (H) (Fig. 25), should clear the 
economizer lever so that this works freely as the throttle is 
opened and closed. 


Fig. 25. Stromberg type “L.” Note the vertical connec- 
tion and economizer (the lever with roller P on it). This 
carburetor is adapted for high-speed multi-cylinder engines. 


Used 


Stromberg type ‘‘M,” without economizer. 
on small 4-cylinder engines, trucks, tractors, etc. 


Fig. 26. 


Adjustment of ‘‘M”’ and ‘‘MB”’’ 


The only difference between the types “LT” and 
“M,”’ is in the “economizer” action, or the lifting of 


the high-speed needle valve (A) automatically. 
This Bele. valve (A) on type “M” is hand regu- 
lated. 
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_(1) _ Open throttle about one-quarter of the way, which will 
give about 20 miles per hour on a pleasure car (or one-third 
governor speed on a motor truck). 


(2) Open idling screw (B) from its seat two turns, so that 
this cannot affect the high-speed adjustment. 


(3) Adjust high-speed needle (A) to the leanest adjustment 
which will give the best engine speed for this throttle position. 
Inward for less and out for more gasoline. 


(4) Close the throttle gradually and screw the idling screw 
(B) in as far as necessary to give adjustment for low speed and 
idle. Screwing inward, right hand, gives more gasoline; out- 
ward gives less. 


This ‘plain tube’’ and ‘Pitot’ principle is further explained 
on page 102. 


Note. Never adjust the carburetor to a coldengine. Start the 
engine and allow it to run a short time until it is warm. Not 
until then should the adjustment of the carburetor be attempted. 


In starting the engine on a cold day it may begin “popping.” 
Do not blame this on the carburetor and begin to adjust it. 
Wait until the engine has warmed up thoroughly, and then if 
the popping continues it is time to consider an adjustment. 


Principle of Stromberg ‘“‘Plain Tube’’ or 
“Pitot”? Principle of Carburetor 


This explanation also covers models ‘‘L,” TPZ 
“M,” and “MB,” except that the economizer action, 
which is explained on page 132, is not used on the 
models ‘“M” and “MB.” The air passage and gaso- 


oline jet are of fixed sizes for all engine speeds. 
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Fig. 27. Stromberg model “M,’’ Vertical type, shown con- 
nected with the intake manifold. 


This carburetor is termed a “plain tube’’ type, 
because the whole air supply is taken through a 
single unobstructed channel of fixed size through the 
jet. Air valves, metering pins, and dash pots have 
been dispensed with. The Pitot principle, explained 
on page 102, is used to provide air at sufficient 
pressure to force fuel from the well in the car- 


buretor. 


How the desired mixture can be maintained is 
answered in the principle of introducing a small 
amount of air into the gasoline jet at (G) before it 
sprays out into the main air passage, forming 
what is known as an “air-bled” iet or “Pitot” 
principle. 
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Fig. 28. Idling position. When idling, all the gasoline is 
drawn up the tube (J), through the idling jet (K) and sprayed 
above the throttle valve (T). 


Fig. 29. Low and medium speed: At intermediate speeds 
the gasoline is drawn past the low-speed adjusting screw (B) 
from the tube (J). As the throttle is opened, more mixture is 
drawn through the small venturi tube (I) and augments that 
drawn from the opening (L) (Fig. 28). 


Fig. 30. High speed: At high speed practically all th = 
fine is drawn through the small venturi tube (I) cated wits 
drawn through the opening (G) above the well (M). ; 


Principle of operation: The level of the gasoline 
in the float chamber of the carburetor is maintained 
constant by the float and the valve which is operated 
by it. From the float chamber the gasoline flows 
to the accelerating well (M) through the needle 
valve (F) (Fig. 28) which is adjustable. 


There are two tubes in the accelerating well, one 
a sort of standpipe (H), and the other a smaller one 
that is inside of the standpipe and which connects 
with the idling jet (K). The latter tube has a small 
opening in the bottom that connects with the 
bottom-of the well (M), but otherwise has no con- 
nection with the well. 


The top end of the standpipe (H) connects with a 
cross-passage (N) that feeds the gasoline to the 
eight discharge holes in the small venturi tube (I), 
which is located just below the main venturi tube 
(note that there are two venturi tubes). A rich 
mixture and not raw gasoline is fed through passage 
(N), because of the small air intake opening (G), 
which enters the top of the well (M), and supplies a 
certain amount of air with the gasoline that is drawn 
up the standpipe to the passage (NN). 


Holes in the side of the standpipe below the level 
of the fuel feed gasoline into the standpipe, while 
holes above the fuel level add air from the top of 
well (M), thus making a rich mixture to discharge 
into the small venturi passage. 


At low and idling speeds, practically no fuel is 
drawn through the small venturi, because of the 
closed throttle. At this time the gasoline is through | 
the hole in the bottom of the small tube (J), up to 
the idling needle valve (B), and through the passage 
(K), into the intake manifold above the throttle 
valve. This gives a rich mixture for idling and 
slow-speed running, but is cut out at about eight 
miles per hour when the throttle is opened more, 
and thus does not affect the running mixture at all. 


Stromberg Model “OS”? Carburetor 


This carburetor used on the Marmon, Lincoln, 
Auburn, Jordan, Scripps Booth, Studebaker, and 
other cars, is of the “plain tube” type with a number 
of refinements which have been incorporated as 
follows: an improved form of accelerating well of 
greater capacity and of better adaptation to the 
great variety of fuels which must be handled today; 
a modified form of economizer device; anew mixture 
control, operating an auxiliary fuel needle. This 
control assists the choke valve control in starting, 
and gives a better control of the mixture after 
starting, before the engine reaches an efficient tem- 
perature, 


The model “O” is suspended vertically and the 
“OC” and “OS,” horizontally. Illustrations of the 
model “OS-1,”’ are shown in Figs. 31 to 34, 


THROTTLE VALVE LEVER 


CHOKE LEVER 
CLAMP 


AIR CHOKE 
LEVER 


HIGH SPEED . 
ADJUSTING SCREW 


Fig. 31. Top view of Stromberg model “OS” carburetor, 


CARBURETOR ADJUSTMENTS 


Adjustment for idling mixture and closed throttle running 
up, to about eight miles per hour is controlled by the idling 
adjusting screw (Fig. 31). This operates on the air, so that 
screwing it in gives a richer mixture and out a leaner one. 


Turn the screw outward until the engine slows down, then 
turn in notch by notch until the proper idling mixture is reached. 
When the motor is idling properly there should be a steady hiss 
in the carburetor. If there is a weak. cylinder or a manifold 
leak, the hiss may be unsteady. For a motor to idle steadily on 
present-day heavy fuel, the spark gaps must be set correctly. 


If, after adjusting the low-speed needle as described above, 
the engine idles too fast, turn the small throttle stop screw 
(Fig. 31) to the left, or counter-cloekwise, until the proper idling 
speed is reached. If the motor idles too slow and stops, turn 
the screw to right, or clockwise, until the proper speed is reached. 
Before adjusting with throttle stop screw, it will be necessary 
to loosen the lock screw. 
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Fig. 32 


Adjustment for high speed and main driving adjustment is 
regulated by high-speed needle (Figs. 31 and 33), which regulates 
the opening through which fuel flows to the jet. Turning to 
the left, counter-clockwise, gives more gasoline; to the right, 
or clockwise, less gasoline. 


To make proper high-speed adjustments, advance the spark 
lever to normal driving position, set the throttle lever on the 
steering wheel at a position which will give a speed of engine 
corresponding to a car speed of about 15 miles an hour. Then 
adjust the high-speed needle to minimum opening that will give 
greatest engine speed for that throttle opening. This should 
give a good average adjustment. Two or three notches less 
may give best economy for continuous driving or touring, and 
two or three to the left may be best for short runs in cold 
weather when the motor does not reach normal heat. 
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To prevent a wrong high-speed adjustment from giving a 
harmful rich mixture, a gasoline nozzle reducer is inserted 
beyond the high-speed needle opening, in a passage-way closed 
by a reducer jet plug (Fig, 33). Tae reducer placed in the 
carburetor at the factory will permit about 20 per cent more 
gas to pass through than is generally needed. 


The economizer device operates to lean out the mixture 
automatically at speeds of from 10 to 45 miles per hour. The 
economizer needle is properly set at the time the carburetor is 
installed on the engine and no adjustment is needed. 


When starting the engine, first open the carburetor butterfly 
valve slightly by means of the hand throttle lever on the steer- 
ing-gear sector, then pull the choke button out all the way, turn 
the ignition switch to ‘‘on’”’ position and depress the starter 
switch. As soon as the engine starts, push the choke button 
in about one-third of the way or to the point where the engine 
runs smoothly. Do not leave the choke button pulled out fully 
after the engine starts as this will flood the engine with gasoline 
and causeit tostop. As the engine warms up, the choke button 
should be pushed in gradually, the normal position for running 
being all the way in. It must always be remembered that 
the choke button should be out the shortest period of time 
possible, as running with an over-rich mixture tends to foul the 
engine, dilute lubricating oil, and use an excessive amount of fuel. 

The engine should start after five or ten seconds of cranking. 
It it does not do so, it may be that the choke valve does not 
entirely close, in which case loosen the choke lever clamping 
screw (Fig. 31), and reset the lever on the shaft so that there is 
a clearance of 1/32” between choke lever and stop on the choke- 
tube holder. 

The normal position of the air temperature regulating sleeve 


is closed. Only in extremely hot weather is it desirable to have 
it open, 


Schebler Plain Tube Carburetor 
Adjustments: There are two gasoline adjust- 


ments, one for low speed, 4 to 5 m. p. h. up to the 
maximum without “loading” up or missing. 
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Fig. 35 (upper). 
Fig. 36 (lower). 


Figs. 35 and 36. (I), high-speed gasoline adjusting needle; 
(H), low-speed gasoline adjusting needle; (L), choker valve; 
(T), throttle valve; (K), idle and low-speed by-pass; (D), 
Pitot opening. 


Operation or action: Air flows into and through the choke 
or venturi tube in the direction of the arrow (Fig. 35), but for 
idle speeds of the engine the velocity is too low to cause suction 
to draw gasoline through the main nozzle (A). An extension 
(K) is provided from the main nozzle to the space above or 
engine side of the throttle (T). The size of this extension or 
passage is controlled at (B) by screw (H). 


In operation the high suction above the throttle (T) draws 
gasoline through the main nozzle and causes fuel to flow 
through the extension (K) with some air which is drawn in 
through the main nozzle holes (A) at (B) by (H). As the 
throttle is opened, the increasing suction at the main nozzle 
cuts down the air bleed through the holes (A) and causes more 
fuel to pass through the extension (K) until that suction caused 
by the flow of air at main nozzle (A) equals the decreasing suc- 
tion above the throttle (T).. Then fuel comes out of the main 
nozzle holes (A) into the main air stream, This also probably 
causes a slight reverse flow in the extension passage. 


This combination produces a correct proportion of air and 
fuel through a very large range, if the throttle is not thrown 
wide open from its closed position suddenly. When this hap- 
pens the engine would “‘lay down,”’ or miss six or seven shots and 
sometimes die completely. 


To overcome this trouble, an overflow well, or reserve cham- 
ber (C), is formed around the main fuel passage, whose top is 
integral with the main nozzle head and provided with a down- 
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stream Pitot (D). From this head two acceleration tubes (E) 
extend to different depths into the overflow well (C) and dis- 
charge into the main air stream. 

Pitot supplies air: With the engine idling or running slowly 
the well (C) will fill up by means of the hole (F) in the main 
nozzle passage. 

On suddenly throwing the throttle wide open, the reserve 
supply of fuel is taken out from the acceleration tubes (E) as well 
as from the main jet (A). This practically makes a temporarily 
large jet or nozzle until one of the tubes (E) is uncovered by 
the lowering of the fuel levelin the well. Air is then drawn out 
through this tube and acts in opposition to the supply of air 
from the Pitot (D). This opposition causes a gradually increas- 
ing suction in the well (C) and uniformly decreases the discharge 
of fuel from the longer tube (E).. This operation fills in the 
time-element necessary for the main jet to resume its normal 
functions of delivering a thin mixture. 

Tubes (E) are made of varying lengths to hold a reserve 
supply of fuel from some intermediate speed of, say, 15 m.p.h. 

The Pitot function is simply to provide air at sufficient pres- 
sure to force fuel from well and to be inclosed in carburetor. 

All the fuel passes through the main adjustment (G), which 
is located at the float bowl and is governed by screw (I), and 
therefore controls the whole range of the carburetor while still 
allowing the idle or low-speed adjustment to be changed with 
the condition of engine or variations in engines of same design. 

The gasoline float level is 1” below the top of the bowl with 
the needle seated. 


Tillotson Carburetor 


This carburetor is illustrated as used on the Over- 
land engine. It may be termed a ‘“‘double-jet, 
compensating, variable venturi carburetor.” 


HOT AIR PIPE. 


| CHOKEP STARTING 


NOLZLE 


FROM VACUUM TANK 
Fig. 37. The Tillotson carburetor. 


A uniform partial vacuum is maintained at the 
fuel nozzle by two flexible reeds, which are mounted 
in a cage and so designed that maximum opening 
gives required volume for maximum speed. 


_ When the reeds (Fig. 39) are closed, they cause the 
highest possible vacuum at slower engine speeds. 
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Fig. 39 


Float mechanism of the Tillotson carburetor, used 


Fig. 38 
Fig. 38. 
on the Overland. Note the level of gasoline. 


Fig. 39. The reeds. In Vig. 37 the reeds are placed above 
and on the sides of the nozzles. 


The reeds open and close according to the speed of 
the engine.. These reeds are so placed that as they 
move they form a virtual variable venturi. A 
secondary nozzle comes into operation at higher 
speeds and is not in use at the lower speeds. 
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Fig. 40. Tillotson carburetor as used on Overland 4. 


To adjust the carburetor, set the choke valve in full open 
position, after running the engine until it is warm. Push in 
the throttle-control button to its lowest operating point and 
pull out the spark lever about three notches. Slowly close the 
needle valve, by turning to the right, cutting down the amount 
of gasoline, until the engine starts to miss because of too lean a 
mixture Then open the needle valve slightly, so that the 
engine begins to fire regularly. Push in the spark-control 
button and accelerate the engine either by hand or foot controls. 
If the engine backfires, or pops in the carburetor, increase the 
amount of gasoline by opening the valve slightly. Continue 
this until the engine fires regularly when suddenly accelerated. 
The engine should always be allowed to run for half a minute 
after it is slowed down before another attempt is made to 
accelerate it. 


Another adjustment that is occasionally required is that of 
the sliding air shutter mounted on the air horn of the ecar- 
buretor. In cold weather it will be found advisable to close 
this shutter, insuring warm air for the gas mixture. In the 
warm seasons this shutter should be opened. 


The Hudson Carburetor 


The Hudson carburetor operates upon the pneu- 
matic principle and may also be termed the ‘“‘meter- 
ing-pin” type, and the “measuring-pin” type of 
carburetor. A glance at the sectional view of the 
carburetor (Fig. 41) will show clearly the operation. 
When the throttle is opened with the engine running, 
the suction is communicated to the air chamber by 
way of the pneumatic control passage (Fig. 42). 
This causes the piston to rise and with it the meter- 
ing pin (A, Fig. 41). 


The metering pin has a V-shaped slot cut in it, 
and as the pin rises or falls, according to the engine’s 
requirements, it changes the area of the slot at the 
gasoline feed regulator, and consequently controls 
the amount of fuel passing through. 


The proportioning of the mixture is automatic at 
all speeds, the piston giving instant response to the 
demands made on the engine. ‘ 


Adjustments can be made entirely with the dash 
controls. The air-control adjustment is used only 
for starting the engine in cold weather, or after it 
has been standing for any length of time. Once 
the engine is running, it should be operated with 
the air-adjustment valve open. 


The gasoline adjustment enables the driver to 
have the mixture as rich or lean as desired, by vary- 
ing the amount of fuel allowed to pass the metering 
pin. Thisis done by raising or lowering the gasoline 
feed regulator which surrounds the metering pin. 


This regulator is actuated by the “Gas” button on 
the dash. 


CARBURETOR ADJUSTMENTS 
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Fig. 41. View of the Hudson carburetor. 
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Fig. 42. Pneumatic control. 

When the radiator shutter (see Index under 
“Radiator shutter’) has been adjusted, so that the 
motor temperature maintains the red fluid in the 
motometer (see Index for meaning of “Motometer’’), 
at the center of the circular opening, the engine will 
operate very economically on a lean mixture. Of 
course, heavier duty placed on the engine, such as 
hill climbing, pulling through sand, high speed, etc., 
places proportionate demands upon the amount of 
fuel, but in ordinary driving at speeds of 20 miles 
per hour upwards, the carburetor should be adjusted 
as lean as possible. 


Too rich a mixture results in carbonization and 
misfiring; too lean a mixture gives less power and 
acceleration at low speeds. ‘The entire range of 
adjustments is convenient to the driver. 


Carburetor attention: Make sure, periodically, 
that the piston is clean and that the packing gland 
is tight. A sticking piston will seriously interfere 
with the action of the carburetor, and a loose pack- 
ing gland will permit excessive gasoline consumption 
with its attendant troubles. 
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Fig. 43 


‘ Instructions for assembling measuring pin and 
piston: When assembling the metering pin and also 
the air bell to the throttle body (Fig. 43), be sure the 
arrow on the bell points in the same direction as the 
open end of the V-groove, and that the arrow on the 
bell also points in the same direction as the arrow 
in the throttle body. 


Stewart Carburetor (on the Dodge) 


_ On the Dodge the carburetor (Figs. 44, 45) is on left 
side of the engine, and is fed from a Stewart vacuum 
tank. ‘The carburetor is supplied with a hot-air 
attachment which draws air from around the exhaust 
manifold to the air inlet. 


THROTTLE VALVE 1OLIN 
Leveew US eee 


METERING 
PIN CARPIER 
AND RACK 


_ Fig. 44 (upper). _ How the metering pin D varies the mixture 
in the Stewart. Air passes through the passages R around the 


nozzle. 


Fig 45 (lower). There is only one adjustment and that is 
the metering pin, which is interconnected with the dash con- 
trol Ordinarily the metering pin should be two-thirds the 
way through. 


Principle (Fig. 44): The automatic metering valve 
(A) rests on the valve seat (B) when the engine is 
notrunning. As the engine begins to rotate the suc- 
tion of the pistons raises the valve (A) from the seat 
drawing in air (R to B) as indicated by arrows. 
The suction also draws gasoline up within the 
valve stem which mixes with incoming air in cham- 


ber (C). 

The one adjustment of the Stewart is that of pro- 
portioning the volume of gasoline to the air admitted. 
The air being always a fixed factor, it is only neces- 
sary to adjust or regulate the volume. of gasoline 
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admitted which is controlled by means of the 
tapered metering pin (D). 


This adjustment is made when the engine is running at idling 
speed. Turning the adjusting screw (on “dash control,” see 
lower part of Fig. 45), either to the right or left, raises or lowers 
the position of the tapered metering pin, thereby allowing an 
increased or decreased supply of gasoline to be drawn up into 
the mixing chamber. When the proper proportion has been 
determined at slow speed, it will be seen that as the speed of 
the engine increases, the automatic metering valve (A) will 
rise higher from the seat (B) and away from the tapered meter- 
ing pin (D), which will allow a greater supply of both gasoline 
and air, in exactly the same proportion, to be admitted to the 
cylinders. 

On the Dodge (Fig. 45) the tapered metering pin is subject to 
control within fixed limits by means of the “dash control” 
ratchet (see lower part of Fig. 45 for connection), for the pur- 
pose of obtaining a rich mixture for starting. Should there be 
any reason for changing the fixed adjustment of the tapering 
metering pin (D), it can be done by turning the stop screw 
adjustment on the ‘‘dash control” (see lower part of Fig. 45). 
Turning it to the right lowers the position of the metering pin 
and allows more gasoline to be admitted to the spray nozzle, 
enriching the mixture. Turning it to the left raises the pin and 
decreases the supply. The throttle valve is in the top of the 
carburetor, 


— 


Ball & Ball Single Carburetor 


The Ball & Ball single carburetor is used on the 
Studebaker “Big Six” and on many other cars (the 
Stromberg “LS” is also used on the Studebaker). In 
Fig. 47, the first and second-stage throats are plainly 
indicated. 


Prior to making carburetor adjustment the follow- 
ing points should be thoroughly covered: (1) See 
that the spacing of the points in the spark plugs are 
set properly, or to .025’, (2) See that the breaker 
points on the interrupter are set to 020’. (3) See 
that the cylinders have good compression. It may 
be that some of the tappets are holding the valves 
partly open. 
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Fig. 46. Ball & Ball sing] b i 
ealinder anes Inge carburetor designed for 4 and 


Operation: Through a given range of throttle- 
opening all the gas is drawn through the first stage 
throat. The capacity of the first Stage is sufficient 
to take care of all level road speeds up to approxi- 
mately 40 or 45 miles per hour, 


Fig, 46 shows clearly how the second stage is 
brought Into action by opening the main throttle 
to its extreme position. The cam arm, integral 
with the main throttle shaft, coming into contact 
with the roller on the arm of the second Stage throttle 
Shaft causes the second stage throttle to open under 
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additional pressure. The resultant action is to 
draw an additional or secondary supply of gas mix- 
ture through the second stage throat, as shown in 
Fig. 47. 
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Fig. 47 


Briefly speaking, the first stage furnishes all that 
is desired in what might be called the touring range, 
giving ideal economy and ample power for all ordi- 
nary purposes up to 40 or 45 miles per hour. The 
secondary stage supplies everything desired over 
and above the first stage in the form of added 
acceleration, power, and speed. 
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Fig. 48 


In detail, the gasoline is fed into the float chamber 
through a removable cylindrical strainer (Fig. 48), 
From the float chamber the gasoline is fed Separately 


Ing the screw, the mixture is made richer, This is 


CARBURETOR ADJUSTMENTS 


in gasoline being forced out through holes in the 
plunger stem and carried into the main air chamber 
of the carburetor along with the air drawn through 
ports at the top and side wall of the pump chamber. 
The resultant action is to supply additional gasoline 
required for ‘quick get-away.” This construction, 
on account of the time required to fill the pump, is 
such that the engine cannot be flooded by excessive 
repeated opening and closing of the throttle. 


The idling by-pass consists of a tube through 
which a sufficient amount of gas mixture is taken in 
above the throttle valve to keep the motor running 
when the throttle is closed. 


The choke valve is located below the first stage 
throat for the purpose of starting, and also may be 
used in a partially closed position to enrich the gas 
mixture until the motor warms up. 


The only adjustment that ¢an be made is the idling adjust- 
ment previously explained. This produces no effect what- 
ever on the running cf the car except when the throttle is 
closed to the idling position. The richness of mixture at all 
speeds above idling, is determined by calibrated orifices in the 
first and second stage jets respectively. 


The possible troubles that might interfere with carburetion 
are insufficient gasoline supply or obstructions lodging in the 
carburetor passages. 


To test for insufficient gasoline supply, remove the float 
chamber cover (see Fig. 48) and float, and note if gasoline flows 
freely. The gasoline strainer at thé bottom of the float chamber 
may have become clogged. 


In looking for obstructed passages in the carburetor, remove 
the first and second stage jets and carefully examine tne jet 
orifices, keeping in mind that an almost imperceptible obstruc- 
tion will reduce the jet capacity. Blowing through the orifice 


is generally effective, or, 1n addition, the opening may be 
cleaned out by means of a small wire. 


For starting in cold weather, first, pull the choke button all 
the way out; second, open the throttle slightly and start the 
engine; third, as soon as the engine starts, push the choke 
button in part way; fourth, when the engine is warm, push the 
choke in all the way. 


Ball & Ball Double Carburetor 


The Ball & Ball double carburetor is used on 8 
and 12-cylinder ‘‘V”-type engines. 


First or primary stage, when starting and under 
usual running conditions: (1) is the hot-air passage 
of the primary carburetor containing the choke 
valve (2). (8) is the primary venturi throat con- 
necting the hot-air passage with the mixing chamber 
(6), and containing the gasoline jet (4). (5) 1s 
another fixed air regulating orifice connecting the 
hot-air passage (1) with the mixing chamber (6) 
and provided with a spring-opposed idling valve (7) 
arranged to control the air when small quantities 
only are being used. (8) is a throttle valve of the 
usual type. The parts so far described constitute 


the first stage. 


won! 1 j 
Ball and baly carhuretes- 


Fig. 49. Ball & Ball double carburetor, as used on the 
Peerless, King, Oldsmobile, and other ““V’-type engines. 


Second stage, or when throttle is wide open for 
full power: (9) is an air passage leading from the 
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external air to the mixing chamber (6), and it con- 
tains the butterfly valve (10), arranged to control 
the flow of air through this passage. (11) is a gaso- 
line jet arranged to discharge gasoline into the 
passage (9), when the valve (10) is opened, causing 
the gasoline jet (11) to be acted on by the suction 
of the mixing chamber (6). The air passage (9), 
with the gasoline jet (11), constitutes the second 
stage which is brought into action by opening the 
butterfly valve (10). A connection between the 
butterfly valve (10) and the throttle valve (8) 
(not shown) is so arranged that when the throttle 
valve (8) is nearly wide open, the further opening 
of this valve throws the valve (10) wide open. At 
all other times, the valve (10) is held closed by a 
spring (not shown). 


From the foregoing description, it will be seen 
that under all the usual running conditions of the 
engine, the primary carburetor, or first stage only, 
is in service, and the second stage comes into service 
only when the throttle is thrown wide open for full 
power. The effect of this arrangement will be de- 
scribed farther on. 


Pick-up device: Continuing the description (12) 
is a cylindrical chamber with an extension (13) of 
reduced diameter connected by the passage (14) with 
the chamber (15), above the throttle valve. The 
chamber (12) is connected with the float chamber 
(16) by means of the restricted passage (17), so that 
the gasoline at all times in this chamber (12) stands 
on a level with the level in the float chamber. ( 18) 
is a loosely fitting plunger with an extension (19) on 
its upper end, forming a piston in the chamber (18). 
An atmospheric opening (20) is located in the wall of 
chamber (12), and a passage (21) leads from cham- 
ber (12) to the mixing chamber (6) through which 
passage air is constantly drawn into the mixing 
chamber. 


Operation of the pick-up device: Tt will be seen 
that in the operation of the engine, when the throttle 
is closed, the vacuum of the manifold acting on the 
piston (19) causes the plunger (18) to rise to its 
upper position, thus closing the passage to the 
chamber (15). The space below the plunger (18) is 
now filled with gasoline from the float chamber, and 
the mechanism is ready for action. 


The opening of the throttle (8) breaks the vacuum 
in chamber (15) and releases the plunger (18), which 
falls and displaces the gasoline underneath the 
plunger, causing it to flow into the space above the 
plunger, where it is quickly discharged through the 
passage (21) to the mixing chamber, thus augment- 
ing the normal supply of gasoline and causing a 
rich mixture to momentarily enter the cylinder. 
This develops a strong pick-up. 


Adjustments: There are no adjustments after the size of 
jets is determined. 


Air regulation: The amount of air is controlled by valve (2) 
which is operated by the choke-rod handle on the dash or 
steering post. For cold weather this valve (2) should be closed 
to draw in a rich mixture. Immediately the engine starts, 
push it down part of way until engine is warm, then close 
entirely. Don’t open the throttle at all when (2) is closed, and 
don’t run with (2) closed any more than possible. 


Troubles: Dirt under the float valve will cause dripping; 
unscrew the cap over the float-needle valve and give it a few 
turns. Water or dirt may lodge in small openings and this is 
indicated by popping and missing. Close the valve on the 
gravity tank, remove four nuts at bottom, and clean jets. 


Paekard Carburetor 


The primary air intake elbow (30, Fig. 50) is at the 
front end of the carburetor. The elbow contains a 
shutter (28) which is normally open and not in use 
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when running. This shutter is operated by the “ear- 
buretor control” on the instrument board, which 
also operates the auxiliary air valve (34). 


By pulling the control all the way out, the priraary 
air intake is completely closed, allowing a very rich 
mixture to be drawn into the cylinders. The control 
should be pushed in, at least part way as soon as the 
engine has started firing. 
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Fig. 50. Packard carburetor. 


The auxiliary air valve (34) is in a housing (42) 
forward of the mixing chamber, and is controlled by 
the tension of two springs, one of which is within the 
other. 


At low engine speed most of the air is admitted 
through the primary air intake (80) around the 
spray nozzle. 


To prevent too rich a mixture at a greater throttle 
opening, the auxiliary air valve (34) is opened by 
the increase in the vacuum, admitting the right 
proportion of air to meet all conditions, 


Carburetor adjustment: There is only one carburetor adjust- 
ment which directly affects the mixture, and this is the auxiliary 
air-valve adjustment. This adjustment is made by changing 
the tension of the air-valve springs (36, 37). This is changed 
by either of two methods, the first being through the operation 
of cams (C) at the lower ends of the springs. Raising the 
cams increases the pressure of the springs, and lowering the cam 
decreases the pressure. Increasing the pressure produces a 
richer mixture, and decreasing the pressure makes a leaner 
mixture. 


These cams are controlled and operated by the air-valve 
control on the instrument board. 


The large outer spring is at all times under tension, but the 
smaller inside spring is not normally under pressure until the 
valve opens up a little. 


The other adjustment of the springs is made by changing the 
position of the nuts on the stem of the valve. There are two 
sets of nuts, one for each spring, and they allow individual 
adjustment of the springs. 


Under ordinary conditions, and with the engine warm, the 
control on the instrument board should be set at the No, 4 
notch. Pulling the rod out makes a richer mixture and pushing 
it in makes a leaner mixture, 


Caution: In warm weather, or if the engine is warm, the 
mixture may be so rich, if the knob is pulled out, that the charge 
will not ignite and the surplus of unburned gasoline may inter- 
fere with the proper lubrication of the cylinder walls. 


_ The float chamber vent tube (27) is for two purposes: (1) to 
give air to the float chamber to prevent a vacuum being formed; 
(2) to drain surplus gasoline from the chamber around the spray 
nozzle when the engine is suddenly throttled down. 
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The latest Packard carburetor is equipped with a 
fuelizer. With the present-day gasoline, which is 
heavy and slow to vaporize, when first starting and 
until the engine is thoroughly heated, raw gasoline 
often passes into the cylinders which not only pro- 
duces carbon, but thins the lubricating oil on the 
cylinder walls and passes to the crank case and 
dilutes the oil. The engine also frequently misses 
when cold. 


Fig. 51. The later Packard carburetor B) is the same as in 
Fig. 50, except that the Fuelizer is attached to the intake mani- 
fold and a gasoline connection (N) is provided for the Fuelizer. 


To heat the mixture and provide complete com- 
bustion within 20 seconds after starting on the cold- 
est day, the Packard Co. has developed a device to 
heat the mixture, called a “Fuelizer.”’ 


The “Fuelizer” consists of a small supplementary carburetor 
(S) and a burning chamber where the gas from the little car- 
buretor is burned. This chamber is situated in the intake 
manifold (M). When the gas enters, it is ignited by a regula- 
tion spark plug (P), and passes into the fresh charge going 
from the carburetor to the cylinders through wall (D) to (C). 
The heat of the burned gas changes the wet, poorly carbureted 
mixture to a dry vapor, which combusts with full efficiency 
when it is ignited by the spark in the cylinder, 


is provided by an air valve similar in operation to the air valve 
of the main carburetor, 


Through a small Pyrex glass window (W) the operation of 
the Fuelizer may be seen. A perfect mixture produces a 
purple flame, a fairly rich mixture produces a bluish-green 
flame, and an exceedingly rich mixture is indicated by yellow 
streaks in the flame. 


(B) is the regular carburetor and (G) is the gasoline pipe 
connection to it from the gasoline tank, which feeds the carbure- 
tor in the usual manner. (N) is a pipe which is also connected 
with the gasoline pipe line at the gasoline connection on the 
carburetor and which feeds the Fuelizer. See page 108 for a 
detailed description of the Fuelizer. 


Dave Buick Carb uretor 


Note. This carburetor is not the carburetor used on the 
Buick car. For the carburetor that is used, see the Marvel, 
page 126. The Buick carburetor is used on the Briscoe and 


some other makes of cars. 


Construction: In the Buick carburetor, the float 
chamber surrounds the aspirator, which is in the 
form of a hollow tube with very small holes in the 
side toward the intake pipe of the motor. 


CARBURETOR ADJUSTMENTS 


The air coming into the carburetor strikes a 
hinged plane, which is raised or lowered as the 
amount of air is increased or decreased. This 
hinged plane is connected with the hollow aspirator 
tube, which rises and falls with it as the quantity of 
air changes. As the aspirator tube rises in its guide, 
more of the holes are uncovered, and more gasoline 
is drawn into the intake pipe. This construction 
assures the correct proportion of air and gasoline 
under all conditions. 


IDLING MIXTURE ADJUSTMENT 
[ROTTLE CLOSING ADJUSTMENT 


LIFTING PLANE 


ASPIRATOR TUBE 


Ruick Carburetor) 


Fig. 52. Dave Buick carburetor. 


At the top of the carburetor, the auxiliary dash 
control is fitted. This is simply a damper which 
admits additional air to the mixture. It can be 
used when coasting. By-opéning this control as 
far as possible, the leanest running mixture can 
always be secured. 


The choke, which is also operated from the dash, 
reduces the air supply by closing a damper in the 
air intake, and atthe same time raises the aspirator 
tube and allows additional gasoline to be taken into 
the motor. The choke may be used in starting 
when the engine is cold, and, if necessary, held 


partly out until warmed up. 


The float chamber may be drained by removing 
the plug in the bottom. ‘This can be done for flush- 
ing out dirt which may lodge in the float valve, 
causing dripping. 

Adjustment: The idling mixture may be regulated by 
removing the auxiliary air cap from the top of the carburetor 
and slightly turning the screw directly below.. Turning the 
screw to the left richens the idling mixture; turning to the right 
makes it leaner. 


The Carter Model ‘‘N’? Carburetor 


This model is used on the Dort. The models 
“A and “L?’ are similar. This carburetor 1s a 
‘““multiple-jet” type of carburetor. 


A choker button is provided on the dash to enable 
the operator to obtain a correct mixture under all 
climatic conditions. To secure maximum economy 
run the car with the choker button pushed in as far 
as possible. When the engine is cold it will be 
found necessary to pull the button out as far as 
possible to aid in starting. It must be pushed in 
gradually as the engine warms up till, when thor- 
oughly warm, it will be clear in or at regular running 
position. 


An air-control band (Fig. 53) is provided on the 
hot-air sleeve for admitting additional cool air in 
hot weather. In cold weather the band should 
entirely cover the ports. It may be set at any 
point between full open and full closed positions at 
the option of the driver, according to tempera- 
ture. 3 

The throttle lever on the carburetor is provided with adjust- 


The purpose of these screws 1s to 
hold the throttle open far enough to keep the engine running 
when the throttle lever on the steering wheel is closed all the 


way and the engine is idling. If the engine runs too fast at 
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idle speed the adjusting screw should be turned very slightly 
to the left, to bring the throttle nearer to closed position. 


A low-speed adjustment is provided to regulate the strength 
of the mixture at idle engine speed (Figs. 53 and 54). Turning 
the screw in makes the mixture richer; turning the screw out 
makes it poorer. 


To properly adjust, close the throttle lever, retard the spark 
lever, turn this screw out till the motor misses on account of 
the mixture being too lean, then turn the screw in just enough 
to get the engine hitting properly. This will give the most 
economical setting at low speed and helps to secure proper 
acceleration. This adjustment should be made when the 
engine is thoroughly warm. 


The float level: When the needle valve is closed, the top 
of the float should be exactly 14” from the carburetor body. 
If the float has been moved from this position, it can be restored 
by bending the float lever lip where it touches the needle. Only 
a very slight bend is necessary. This is a delicate mechanism. 
Handle it with care. 


The strainer will, as a rule, keep all dirt from getting into the 
needle seat, but some small particles may get through from time 
to time and cause the carburetor to leak or flood. When this 
occurs it is necessary to take out the needle and seat and to 
clean them thoroughly. To do this, first, take off the strainer, 
then unscrew the needle seat. Both needle and seat,will then 
come out and may be wiped clean and tested. If the needle 
does not seat tight, it may be reseated by giving it one light 
tap. Never try to grind the needle to a seat. 

Dirt may also cause a loss of power or uneven running by 
lodging in the jets, and it is often possible to clean these jets 
by choking the carburetor and in that way drawing the dirt on 
through. It is best to do this when the car is running in high 
gear at 25 miles per hour. Open the throttle wide and at the 
same time pull the carburetor choke-rod button out as far as 
possible, holding it in this way for two or three seconds and 
keeping the throttle open; then push the choke-rod button 
and gradually close the throttle as the engine commences firing 
again. 


Miller Carburetor 


The Miller “H” is a “multiple-jet expanding 
carburetor” of the rotary or barrel throttle type. 


Four to six main jet tubes are used depending on 
the size of the carburetor, and these tubes, having 
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each the fuel jet in the bottom and four small air 
holes a little above, are placed in a row in a remov- 
able magazine. This magazine has a fuel passage 
which supplies the jet. in the bottom of the tubes 
and provides an air jacket which surrounds the 
main portion of each tube; these jacket spaces have 
a passageway near the top of the magazine above 
the float level that connects them with each other 
and with the outside air. 


When not in action the tubes and surrounding 
air-jacket spaces are filled with fuel which provides 
a succession of puddles as the throttle is opened and 
the tubes brought. into action one after another, 
Each tube, when the puddle has been drained, 
begins to function as a miniature carburetor with 
fuel entering at the jet in the bottom and air being 
supplied through the four small air holes just above. 


By this design the fuel goes through a ‘ two-stage” 
atomization process; the first in the bottom of the 
tubes, where a heavy spray is formed, and the 


second inthe venturi of the carburetor, where the. 


spray unites with the main air column. The main 
feature of this construction is the fact that the fuel 
flows through the jets by gravity from the float 
chamber and combines with the air of the first stage 
at a point below the float level. This brings the 
partially atomized fuel out of the tube and into the 
venturi for the second stage without the choke 
restriction necessary to create a depression at this 
point. 

Two exterior adjustments are provided. _ The first is for 
idling and is a control of the idling speed air by, means of a 
screw in the passage. The second adjustment is for inter- 
mediate speeds and has its principal effect on the first third of 
the throttle range. It amounts to a control of the spring ten- 
sion on a poppet valve which admits a certain amount of air 
during the first part of the throttle opening when the vacuum 
is at a relatively high point. This adjustment has its greatest 
effect as a control for pick-up, and consequently is also an 
adjustment for economy. 


The air intake is made in two sections, with an adjustable 
clamping ring at the joint. The second section can be supplied 
as a vertical elbow which can be set at any angle required for 
the hot-air tubing. At the intake connection a butterfly valve 
is provided as a choker or strangler for starting; this is operated 
by a flexible wire control from the dash. 


The carburetor here described is the same in all respects 
except for the two exterior adjustments as the instrument 
which the Miller company has been making in large sizes only 
for marine and aeronautical engines in past years, 


The Claudel Carburetor 


The Claudel carburetor, widely used in Europe for 
a number of years, is now being manufactured in 
the United States by the Claudel Carburetor Co., 
Long Island City, New York. 


This carburetor was used on the Sunbeam engines of the 
British dirigible R-34 which made the first round trip across 
the Atlantic. It was also used on the Rolls-Royce engines of 
the Vickers-Vimy aeroplane, which was the first plane to make 
\ non-stop trip across the Atlantic. It was also used by Sadi 
Lecointe, the French aviator, who set a world’s record of 232 
miles per hour. 


The design of the European model has been 
changed somewhat to meet the particular require- 
ments of American cars, and such features as quick 
starting and rapid acceleration when cold have been 
provided for. 


The carburetor itself is a “plain-tube”’ automatic 
compensating unit which has no moving point. 


The principle used is that of breaking up the 
gasoline bya swift current of air which makes an 
emulsion inside the jet itself before delivering it to 
the carburetor proper. 


The Claudel is really a combination of two types 
of jet, one, the main jet, of constant flow per unit of 


time; the other, shown as a series of nozzle holes, 
of suction-controlled flow. 
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Diffusor of the Claudel carburetor in section, and 


Fig. 56. 
in its components. 


Fuel from the float chamber flows through the 
main jet into the diffusor, then through the com- 
pensating holes into the reservoir of diffusor bore. 
It also flows through the idling jet into the idling 
tube, the level in the three tubes being the same as 
that in the float chamber. 


Air at atmospheric pressure enters the outside 
base or air tube of the diffusor column, passes up 
this outer sleeve and over the top of the gasoline 
guard tube which prevents the fuel from overflowing. 


As the throttle is opened gradually and the suction 
in the diffusor increases, thereby lowering the liquid 
level in the diffusor bore, a series of air-bleed or 
compensating holes are progressively uncovered. 
Through these holes the air rushes into the ascending 
column of gas vapor and out of the nozzle holes at 
the top of the diffusor in a finely broken-up gasoline 
emulsion. The higher the suction acting upon the 
diffusor, the lower will be the level of gasoline within 
it, and therefore, more of the compensating holes 
will be uncovered, permitting a greater dilution 
of the mixture. 


At the higher speeds, the diffusor is practically 
emptied and twenty-one spirally arranged air-bleed 
holes are in action. As the gasoline globules are 
lifted by the suction, they must pass through a bar- 
rage of twenty-one air guns shooting at right angles 
into the ascending fuel. This turbulent mixing 
effect produces a finely divided fuel emulsion, ideal 
for rapid-flame propagation, extreme economy, and 
high power. The diffusor discharge is in approxi- 
mately the ratio of fifteen parts of air to one part of 
gasoline by volume. This thorough intermixture of 
air and gasoline before it enters the carburetor barrel 
is the Claudel method of breaking up the heavy fuel 
of today for extreme economy. 


__ The rotary or barrel throttle is slotted to pass aroun 
the idling Jet, and the only adjustment on the carturetee is 5 
screw extending into the air space to partially block off the area 
; ae ¢ Screwing it in lessens the air area and 
enriches the idling mixture, Screwing it out makes the mixture 


_ In the American type of Claudel shown in Fig. 57 a decided 
improvement has been incorporated for strangling the air by 
means of a sliding air cone (A), which, when in strangling 
position, fits snugly into the venturi entry (V). This cone is 
controlled from the dash. This device assures quick starting 
and warming up in cold weather. The streamline air cone, 
concentric with the diffusor, may be raised into contact with 
the ventui , shutting off the air supply and putting the full 
suction on the diffusor. In this position it is only necessary 


CARBURETOR ADJUSTMENTS 


Fig. 57. Section through the standard American design of 
Claudel carburetor. 


for the cylinders to exhaust the air in the top of the carburetor 
before the diffusor discharge must commence. This action is 
instantaneous, as the volume is small. 


~~ Master Carburetor 


; A sectional side view of this carburetor is shown 
in Fig. 58. 
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Fig. 58. Sectional view of the Master carburetor. 


The fuel distributor (Fig. 59) is placed across the 
mixing chamber, the number of its jets varying 
from 11 to 19, according to its size. Hach of these 
tiny jets occupies a different position in the path of 
the inrushing air, thus forming a perfectly atomized 
fuel that is instantly and thoroughly mixed with 
the air, the two elements being merged into one. 


ieee 


ONE OF 
THE JETS 


FUEL INLET 
Fig. 59. The Master fuel distributor. 


When the throttle is closed, a single hole remains 
uncovered to admit a supply of fuel that is ample for 
idling or for slow running. As the throttle is opened 
the additional holes are uncovered, one by one, and 
the fuel supply increased. 
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The rotary throttle eliminates the butterfly 
throttle which is extensively used in other makes. 


As stated above, the fuel openings are fixed, but 
the air opening can be varied through the use of the 
positive control which operates the damper in the 
carburetor. The changing of the damper position, 
which increases or decreases the volume of air pass- 
ing the distributor, increasing or decreasing suction 
on the jets, gives the widest possible mixture range. 


The air supply is constricted by the damper at 
the outlet, like a variable venturi. When the lever 
on the steering-post control (which is connected to 
the damper), is pulled to “rich” position, the venturi 
(or opening) paralleling the row of 11 to 19 jets is 
very small and the pure gas rushes to the engine 
under tremendous suction, thus enriching the mix- 
ture so that quick starting, even with a cold engine, 
is easy and certain. As the engine picks up speed, 
the mixture may be modified by decrease to any 
mixture required. 


Rapid acceleration. Do not open the throttle suddenly. A 
gradual opening will give quicker get-away and save wear and 
tear on the motor. 


Idle adjust-screw. For perfect idling of the engine set the 
control lever in center position. If the engine rolls or gallops 
at idling speed, back out on idle adjust-screw. If the engine 
seems not to have sufficient gas at idling, screw the idle adjust- 
screw in. Turning it to the right enriches the mixture coming 
from the idle hole only. 


Fuel distributors of various capacities are available for each 
size carburetor. Should the engine run and pull best with 
control in rich position at ordinary speeds, you should have a 
distributor of greater fuel capacity. Should the engine take 
all the air possible to give it at idle speeds, you should then 
have a distributor of less fuel capacity. The letter on the end 
of distributor designates its fuel capacity. See below for sizes. 


Control centers are numbered at the base of the lever and 
care should be taken to see that the proper control center is 
used with the different sizes of carburetors. 


Those stamped No. 1 are for 1” and 114” JR carburetors. 
Those stamped No.2 arefor 114” STD and 1 1’ JR carburetors. 
Those stamped No. 3 are for 114 and all larger sizes. Manu- 
facturers are the Master Carburetor Company, Box 444 Sta. 
C., Los Angeles, Cal. 


Carburetor on the Maxwell 


The Eagle carburetor used on the Maxwell engine 
is an “air-valve” type of carburetor. 


Gasoline 
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Needle Lever 
Val Throttle Butterfly —¥# 
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Air‘Adjusting 
Screw’ 
Fig. 60. Sectional view of the Eagle carburetor. 
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An air-ball valve is placed in the main air inlet, 
which thus controls all air passing the spray nozzle. 


At low speeds the ball permits only a small quan- 
tity of air to pass. At high speeds the ball is raised 
by the greater suction of the piston, and thus more 
air is admitted. 


Adjustment: Loosen lock nut (B) and turn the gasoline 
adjusting needle valve (A) to its seat and set the stop screw 
on the throttle valve to approximately the correct position for 
idling, Then open adjusting needle valve by turning to the 
left three-quarters of a turn. With this adjustment the engine 
can be started. 


The engine should be run long enough to be warmed up to 
service condition, Be sure that the choker butterfly valve (E) 
is open when making adjustment. 


Then retard the spark control, open the throttle until the 
engine is running at average driving speed. Next turn gasoline 
adjusting needle (A) to the right until the engine speed 
decreases from lean mixture. Then turn to left until the 
speed increases and again starts slowing up, which is as rich 
a mixture as engine can be run on. By turning again to the 
right to a point half-way between the two, when the engine 
speed is highest, the correct mixture for general driving will 
be obtained. Tighten lock nut (B), and the adjustment is 
complete. _ <= 

The air-adjusting screw (D) is provided only for the purpose 
of controlling the air supply to-the carburetor when running 
at low speeds. It may be possible that the adjustment on the 
gasoline adjusting needle is slightly too rich for idling purposes 
and will cause the carburetor to choke. By loosening lock nut 
(N) and turning the air adjusting screw (D) ¢o0 the right, admit- 
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ting more air, this condition will be eliminated. Tighten 
the lock nut, and the adjustment is complete. 

Adjust the throttle-lever stop screw until the desired idling 
speed is secured. Adjustments should be made with spark and 
throttle fully retarded. 

When starting with a cool engine, it is absolutely necessary 
to have choker butterfly (E) closed. This is operated from the 
dash and should be opened gradually as the engine warms up 
to conditions. 
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Fig. 61. If carburetor Grips, it is usually due to dirt under 
the float needle valve (V). Remove the float dust cap, place a 
screw driver in the end of float collar (F) and turn gently back 
and forth, thus seating the float needle valve. Eagle Carbure- 
tor Co., Cleveland, Ohio. 


ADDRESS OF CARBURETOR MANUFACTURERS : 


“Air Friction”: The Air Friction Carburetor Co., Dayton, Ohio. 


“Ball and Ball’: Penberthy Injector Co., 1242 Holden Ave., 
Detroit, Mich. 


Ae Breeze Manufacturing Co., 254 South St., Newark, 


“Buick’’: Buick, David Carburetor Corp., Wyandotte, Mich. 


“Carter”: Carter Carburetor Co., 2838 N. Spring Ave., St. 
Louis, Mo. 


“Eagle”: Eagle Carburetor Co., 11502 Madison Ave., N.W., 
Cleveland, Ohio. 


“Holley”: Holley Carburetor Co., Detroit, Mich. 
“Johnson”: Johnson Co., 1909 Forrest Ave. E., Detroit, Mich. 
“Kingston”: Byrne, Kingston Co., Kokomo, Ind. 


“Master”: Master Carburetor Co., 30th & Main Sts., Los 
Angeles, Cal. 


“Marvel”: Marvel Carburetor Co., Flint, Mich. 


“Newcomb”: Holtzer-Cabot Electric Co., Boston, Mass. 

“Rayfield”: Beneke & Kropf Mfg. Co., 2559 W. 21st St., 
Chicago, Il. 

“Schebler”’: Wheeler & Schebler, Indianapolis, Ind. 


“Stewart”: Detroit Lubricator Co., 5842 Trumbull Ave., 
Detroit, Mich. 
“Stromberg’’: Stromberg Motor Devices Co., 58-68 E. 25th 


St., Chicago, Il. 
“Shakespeare”: Shakespeare Co., Kalamazoo, Mich. 
“Sunderman”: The Sunderman Corporation, Newburgh, N.Y. 
“Tillotson”: Tillotson Manufacturing Co., Toledo, Ohio. 
ae Zenith Carburetor Co., Foot of Hart Ave., Detroit, 
Mich. 


of For make of carburetor used on various cars, see Index under 
Specifications of leading cars.’’ 
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COOLING THE GASOLINE ENGINE: Cooling Methods; Water Circulating 
Pumps; Fans; Radiators; Water Thermostats; Water Temperature; Water 
Cooling Troubles; Overheating of Engine; Non-Freezing Solutions; Air- 


Cooling Methods; Heating a Car. 


WATER COOLING 


If no provision is made for cooling the cylinder of 
a gasoline engine, the intense heat of the explosions 
would heat it to a point that would cause the lubri- 
cating oil to burn and become useless. At the same 
time, the cylinder must not be kept too cool, for 
that would prevent development of full power; the 

linder must therefore be permitted to get as hot 
4s is possible without burning the lubricating oil. 
About 170° Fahr. or below the boiling point, appears 
to give the best results. 


The cylinder may be cooled either by water or 
air, and while the greater number of engines are 
water cooled, air cooling has been developed to a 
point where successful results are attained. 


The water-cooling system. consists of jackets 
around the part of the cylinder that is to be cooled, 
through which water may flow; a radiator for cool- 
ing the heated water; and some method of keeping 
the water in circulation, together with the necessary 
connections (see Fig. 4). The cylinder water- 


jackets are usually cast in one piece with the 
cylinder. When heated, the water passes to the 
radiator tank, thence through the radiator tubes, 
where the rush of air to which it is exposed absorbs 
the heat, cooling the water, which then passes back 
to the lower water connections on cylinders. 


The radiator system is always fixed in the forward 
part of the car, to obtain the full benefit of the 
draught of air. The same water is used over and 
over again, so that it is only necessary to replace 
the loss caused by evaporation and leakage. 


Tt is usual with radiator systems to have a rotary 
fan to assist i inducing a draught of cold air 
through the radiator tubes and in accelerating the 
cooling when the car is moving slowly, as in hill- 
climbing or slow running in traffic. The fan is 
driven from the engine shaft by a belt or gear and 
fixed back of the radiator. The alternative method, 
which avoids the use of a separate fan, is provided 
by fan-vaned arms in the fly wheel. 


WATER—CIRCULATING METHODS 


The two systems of circulation are the ‘‘thermo- 
syphon” system and the “force’’ system. 


Thermo-Syphon Water Circulation System 


The thermo-syphon system of water circulation 
is as follows: Upon becoming heated, the water 
rises to the top, entering the pipe and passing into 
the radiator at top where it is brought into contact 
with a large cooling surface, in the shape of the 
radiator. On being cooled and thereby becoming 
heavier, the water sinks again to the bottom of the 
cooling system, to enter the cylinders once more 
and to repeat its circulation. The cooling action 
is further increased by a belt-driven fan which draws 
air through the radiator spaces. The connections 
are the same as for the force system, except that 
there is no pump, and the connection from the 
water-jacket outlet to the top of the radiator slants 
upward. It is more necessary to have clear pas- 
sages for the thermo-syphon system than for the 
force system, because the pump, in the latter, will 
force the water past an obstruction that would stop 
the flow of water that moves only because of its heat. 
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Fig. 1. Thermo-syphon principle of water circulation, See also 
page 155 for a typical example of a “thermo-syphon” system. 


The height of the radiator with the thermo-syphon 
system must be higher and lower than the extreme 
top and bottom of the water jacket (see Fig. 1 and 
also, refer: to page 155). 


The height of water with the thermo-syphon 
system should be kept at level above top inlet of 
Below this 


radiator to insure proper circulation. 
point circulation ceases and water boils. 


Keep the radiator full: When the cooling water 
is kept in motion by thermo-syphon action, it is 
quite important that the radiator be kept reasonably 
full in order that there be a back resistance to aid 
in forcing the water forward. It is good engine 
care to add frequently a little cold water, instead of 
waiting for the engine to knock, especially in summer. 


Fig. 3 


Fig. 2 


A thermo-syphon system in which independent 
pipes are taken from each pair of cylinders, the outlet pipes 
joining at the upper or tank part of the radiator. Cylinders 
in this instance are cast in pairs (obsolete). Where cylinders 
are cast in-block, one water inlet and one water outlet pipe will 
suffice, as in Fig. 1. See also, page 155. 


Fig. 3. Simple thermo-syphon circulation without the use 
of afan. ‘The arms of the fly wheel are designed to act as fan 
blades; @ separate fan is unnecessary, but the underpart of 
the engine must be carefully screened in (formerly used on 


Renault). 


Fig, 2. 
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Foree Water-Circulation System 


In the force system, the engine drives a pump 
which keeps the water in constant circulation, as 
shown in Fig. 4. The pump forces the water from 
the bottom of the radiator to the inlet at the bottom 
of the water jacket, through which it flows to the 
outlet at the top, whence it goes to the top of the 
radiator, and flows through the radiator tubes to 
the bottom. As it passes through the radiator 
tubes it is cooled. After passing through in this 
manner, it is.again drawn through the pump and 
forced again through the same path. 
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Fig. 4. This illustration shows how the pump shaft on the 
forced water-circulating system is usually driven, and also the 
fan. G are gasket connections which must be kept tight— 
usually made of copper asbestos-lined composition. The path 
of the water circulation is also shown. 


Circulating Pumps 


Practically all water-circulating pumps are driven 
by a gear on the crank shaft or cam shaft, so that 
motion is positive, and without slipping. All forced 
circulating systems must use a circulating pump. 
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Fig. 5. The gear type of circulating pump consists of two 
small gears with large teeth, the two being in mesh, and placed 
in a casing that fits as snugly as possible. The water enters at 
one side where the teeth separate and is carried around to the 
opposite side in the spaces between the teeth, where it escapes 
through an outlet. 


Fig. 6. The rotary type of circulating pump consists of a 
ring-shaped casing, within which a disk revolves, the disk being 
“eccentric,” or to one side of the center of the casing. Through 
a slot across the disk are two arms, their ends being pressed 
against the casing by aspring. As the disk revolves, the water 
is forced from the inlet to the outlet by the arms. 


_Fig. 7. The centrifugal pump acts on the principle of an 
air blower, and has blades projecting from a hub, which revolve 
at high speed inside of a casing. The water enters at the hub, 
and is thrown outward by the blades to the outlet in the casing. 
This is the type in general use. 


There are three types of circulating pumps, ‘in 
general use: the “gear” type, the “centrifugal 
type, and the “rotary” type. 


Cooling Fans 


In order to cool the water sufficiently, a fan is 
driven by a belt attached to a special bracket on 
the engine. This is shown in Fig. 4. 


Fig. 9 (upper) 
Fig. 8 (lower) 


Fig. 8 shows how the fan draws air in through the 
cores of the radiator to keep the water cooled. This 
demonstrates clearly the function of the fan, and 
shows how futile is its attempt to cool the radiator 
when a winter cover is placed over the radiator and 
is fully closed. There is no cooling action to the fan 
unless the front of the radiator is at least partially 
exposed. Often obstructions are placed in front of 
the radiator, as license tags, ete., which cut down 
the efficiency of the cooling system. 


The fan draws a current of air through the 
passages in the radiator in addition to that driven 
through it by the forward motion of the car. 


There are two types of fans in general use: the 
multiple blade (Fig. 9), and the two-blade (Fig. 10). 


Fan adjustment: the belt can be tightened by 
raising the fan by an eccentric adjustment (Fig. 8A), 
or by bodily lifting the fan and its bearing and tight- 
ening a bolt holding it (Fig. 9). 
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The belt should be kept tight. A slack fan belt 
often causes overheating. Ball bearings are usually 
provided and they should be kept well oiled. This 
18 quite often overlooked, 


RADIATORS 


The purpose of a radiator is to keep the water, 
which circulates around the water jacket of the 
cylinders below the boiling point. 


The early type of radiator (Fig. 11) consisted of a 
corrugated copper tank, with horizontal tubes run- 


ning lengthwise of the tank. A tank was placed on 
each side of the body connected with the water 
jacket of the engine. A circulating pump was used 


to circulate the water. Modern constructions are 
shown farther on. 


\ 


COOLING THE GASOLINE ENGINE 


ie. 11. One of the early methods employed for cooling the 


The location of a modern radiator is usually in 
front of the engine, where it will come in contact 
with the air. The air passes between the tubes or 
fins on a tubular type of radiator and through the 
cells of a cellular type. A fan is usually placed 
directly behind the radiator, which is operated from 
a pulley on the crank shaft of the engine, for the 
purpose of drawing a large quantity of air through 
the radiator, thus increasing the cooling capacity. 


Construction of a radiator: There is a reservoir 
or tank placed at the top and one at the bottom, as 
shown in Fig. 4. Between these two tanks, the 
tubes or cells are connected. A flexible hose pipe 
connection is made with the top and bottom tank 
from the engine, as shown. When the engine is 
running, the hot water passes to the top tank, thence 
downward through the radiator tubes (if a tubular 
type), or around the cells (if a cellular type), and is 
thus cooled. The cooled water then passes into 
the lower part of the engine from the lower tank 
of the radiator. 


Radiators must be used with either the “forced- 
circulating’ system, using a pump, or with the 
“hermo-syphon” system, which does not use a 
pump. 


Types of radiators: There are two types in general 
use, the “tubular” and the “cellular,” or ‘“‘honey- 
comb.” 


The tubular type consists of vertical tubes placed 
between the upper and lower radiator tank. The 
water passes downward through all of the tubes. 
If one tube becomes clogged, then all of the water 
must pass through the other tubes. Each tube is a 
separate path through the radiator. 


The cellular radiator consists of tubes or cells 
placed horizontally, through which the air passes 
and the water flows downward around these cells 
or tubes. 


The honey-comb type of radiator was a term orig- 
inally applied to a cellular type of radiator, due 
to its likeness to a honey-comb, but now that tubular 
type radiators can be constructed so as to have the 
appearance of a cellular radiator, the term could 
also be applied to the tubular type. 


Tubular-Type Radiators 


The tubular type of radiator used in 1900 and 
1901 is shown in Fig. 13. The tubes were placed 
horizontally in heads (H). Crimped fins (F) were 
placed on the tubes. The radiator was suspended 
under the front of the car by studs (S). A pump 
circulated the water. 


The vertical tubular type with “spiral” fins (F) 
(Fig. 14) was the next type introduced. These 
tubes were placed between an upper and lower tank 
(Fig. 4, page 146). This type is still in use, prin- 
cipally on trucks. 


Fig, 12 Fig. 15 Fig. 14 

The vertical tubular type with “flat” fins (Fig. 
15) was the next type introduced, the idea being to 
have it resemble the cellular radiator which at that 
time was introduced on the Mercedes car. A tubu- 


lar radiator made up with flat fins, is shown in Fig. 12. 


Fig. 18 


Fig. 16 Fig. 17 
Variations of construction of the tubular type 
radiator are shown in Figs. 16,17,and 18. Note that 
the appearance is similar to the cellular type, but 
the water flows through the tubes, whereas, with a 
cellular radiator, the water flows around the tubes. 


Cellular-Type Radiators 


The original cellular type was the Mercedes (Fig. 
19). It consisted of four or five thousand }4’’ square 
copper tubes 4’’ long, nested horizontally together, 
being separated from each other by wires arranged 
to run between the rows of tubes in both directions. 
The blocks so made were clamped together, and 
dipped in a bath of solder, both front and back, by 
which means a space #5" thick was left on each 
side of every tube. The blocks (divided into sec- 
tions similar to Fig. 20) were assembled with the 
top and bottom tank of the radiator, and water was 
forced to pass in between the tubes, the air being 
allowed to travel through the inside of the tubes. A 
very large radiating surface was thus obtained, and 
it would be hard to conceive of any arrangement 
offering a larger radiating capacity for any given 
size of radiator. 


The cellular radiator is a very expensive type to 
construct. In this country, where large quantities 
are required, this construction was quickly modified 
to make the production cheaper. 


Honeycomb Type of Radiator 


The tubular type construction of radiator is often 
termed a “honeycomb” type. It is very much like 
a cellular honeycomb in appearance. See Fig. 18 
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The Fiat true cellular type of radiator (Fig. 20) is 
similar to the Mercedes. It is formed in four divi- 
sions indicated by. horizontal lines. Where these 
lines cross there are open horizontal passages through 
which the water may flow from one side to the other. 
Thus a section can be removed and repaired sepa- 
rately. 


Fig. 20 


Some of the modifications employed are shown in 
Figs. 21 and 22. Note in Fig. 21 that the tubes are 
expanded at the ends, thus eliminating the wires. 


The Mayo is constructed in a similar manner with 
the water passage to the sides of tubes. In the 
Fedders (Fig. 22) the hexagon tubes can be removed 
and replaced. The Harrison hexagon cellular is 
shown in Fig. 23. Between every other row of 
cells there is a water passage .08” thick. 
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Fig. 23 


OVERFLOW PIPE UPPER TANK 


Fig. 24 


Fig. 26 


Figs. 24 and 25. Front and side view of a popular type of 
radiator, showing overflow pipe, upper and lower tank, and 
connections. A‘ 


Fig:-26. Extension or syphon tank (S), used on many 
thermo-syphon systems to give greater body of water and to 
absorb steam and to maintain a constant level—a desirable 
feature on all radiators, 


WATER TEMPERATURE 


The temperature of the water circulating around 
the water jackets should be about 170° to 180°, at 
which temperature gasoline engines operate at 
maximum efficiency. If over this temperature, or 
as high as 212°, the water will boil and steam. If 
the temperature of the water is low, then the cold 
engine condenses a portion of the gasoline, which 
leaks past the piston rings, dilutes and thins the 
lubricating oil, with the result that the engine is 
not properly lubricated, and furthermore, the raw, 
unvaporized gasoline produces carbon deposit in the 
cylinders. 


Water boils at a lower temperature in a high alti- 
tude, because the pressure of the atmosphere, which 
water must overcome before it can boil or change 
into steam, is lower in a high altitude. At an eleva- 
tion of one mile water will boil at a temperature 10° 
lower than at sea level. In crossing the Rocky 
Mountains the road is frequently much more than 
one mile above sea level, and water boils away very 
rapidly. 


Temperature Indicator 


A device which is placed on the filler cap of the 
radiator (Fig. 27), serves to indicate the tempera- 
ture of the water vapor. This device is known as 
the “Boyce Motometer.” It is q very useful device 
for warning the driver when his engine is overheat- 
ing. This device is placed on the radiator cap. 
The fluid in the tube reaches different levels accord- 
ing to the temperature. These figures can be seen 
from the driver’s seat. (Note: At high altitudes, 
say 10,000 ft. above sea level, the boiling point of 
water is reached about 1%’’ below the point indi- 
cated at the top of the instrument.) If the level 
of the fluid reaches too high a point, the driver 
is warned to stop and locate the trouble before 
serious trouble develops. 


In this ease, first determine the different causes of 
overheating and try first one, then ‘the other, until 
the trouble is found. If you think the trouble is 
in the lack of lubrication, lack of water, or too much 


WINDOW THROUGH DANGER! 

INSTRUMENT SHOWS STOP YOUR CAR 

THE FLUID AT CYLINDERS‘BEAR 
NIGHT. INGS OVERHEATING 


YOU ARE OB- f 
TAINING THE BEST 


GASOLINE EFFIC- 
TENCY AT THIS 
TEMPERATURE 


Fig. 27. Boyce motometer; a water temperature indicator 
Note that 170° is the point where the engine operates best. 


The thermom- 
eter bulb (B) 
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the water ig 
indicated, 


COOLING THE GASOLINE ENGINE 


asoline feeding at the carburetor, examine each; 
emedy the trouble and watch the results. 


A distance or extension type of motometer is also 
nade, which can be placed separate from the radia- 
or and is adapted for use on aeroplanes, motor 
oats, tractors, etc. (Made by Boyce Moto-Meter 
5o., Long Island City, N. Y.) 


Extension type of temperature indicator: This 
levice (Fig. 28) will indicate the temperature of 
vater or oil circulating through the engine. The 
nstrument is placed on the dash and the tube (E) 
s placed in the top of the radiator. 


Fig. 28. Extension type of water temperature indicator 
‘Boyce motometer with an extension tube). 


Principle: The hollow spring in the head of the 
nstrument and the copper tube (T) and bulb (E) are 
illed with treated alcohol under pressure. When 
she bulb (E) is subjected to changing temperatures, 
the alcohol expands or contracts, thus moving the 
minute column of alcohol forward or backward in 
the entire length of the tube, and causing expansion 
or contraction in the spring which moves the needle. 


Temperature Regulation 


There are three methods employed to heat a cold 
sngine more rapidly than if these methods were not 
smployed, as follows: (1) by the use of a radiator 
shutter; (2) by restricting the water circulation by 
means of a water thermostat or sylphon; (3) by heat- 
ing the inlet manifold. 


Radiator Damper 


A radiator damper or shutter is shown in Fig. 29. 
It is a very efficient heat-conserving device. Engi- 
neers saw the futility of putting gasoline into an 
ongine to get heat and at the same time permitting 
sreat, drafts of cold air to be drawn through the 
radiator to drive away the heat. Therefore the 
shutter was devised to retain the heat, especially on 
starting during cold weather. 


Motometer 
Radiator 


Damper 
or Shutter 


“SYO 


Fig. 29. Hudson radiator damper 
or shutter. The vanes (A) like shut- 
ters on a window, open and close from 
seat. by pull-rod. When starting a cold 
engine shutters are closed, thereby 
cutting off the air circulation through 
radiator with result that the water be- 
: comes heated quicker, which heats 
bhi the engine and vaporizes the gasoline. 
‘ After ‘‘moto meter’’ shows proper 
temperature, shutters are opened, air circulation 
begins and temperature remains normal. 
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Thermostat Control of Water Circulation 


The thermostat as used on the Studebaker (Fig. 
30), is located at the cylinder-block water outlet and 
serves to make the engine more efficient in respect 
to power and gasoline consumption by regulating. 
the flow of water through the cooling system. When 


Fig. 30. Thermostat control. 


the temperature of the water in the cylinder-block 
water jacket is below 150° Fahr., the thermostat 
valve is closed, allowing the engine rapidly to reach 
normal driving temperature. As soon as the water 


Fig. 31. View showing where the thermostat is placed in 
the water circulation system (Studebaker as an example). 


reaches this temperature, the valve automatically 
starts opening and allows water to flow through the 
usual circulation channels. The small hole in the 
valve is an air vent, necessary when filling the cool- 
ing system with water while the valve is closed. 


If the sylphon becomes inoperative, the valve will 
remain open and circulation will continue the same 
as if no thermostat were used. This necessitates 
installation of a new sylphon. 


To install a new sylphon, remove the thermostat assembly 
from the engine and disassemble the cover by removing three 
screws which hold it to the body. Unscrew the sylphon from 
the body by the use of a wrench on the hexagonal base of the 
sylphon, and remove the valve from the stem. In replacing 
with a new sylphon, make sure that it is drawn tight against 
the copper gasket in the bottom of the body. Then screw the 
valve on the stem until it just rests on the seat and place tho 
cotter pin through the stem and valve to make secure. If the 
hole in stem and the notch in valve do not line up at this point, 


back off slightly to obtain alignment. 
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Cadillac Water Thermostat 


A housing containing a sylphon thermostat and a 
valve controlled by the thermostat, are located on 
the cover of each water pump. 

The sylphon thermostat (A) (Fig. 32) is accordion 
shaped. It contains a liquid which is driven into 
gas when heated. The resulting pressure elongates 
or expands the thermostat, forcing the valve (B) 
from its seat. 


TO 
Carburetor 


intake 
manifold 


Fig. 32 


A drop in temperature changes the gas back to a 
liquid, reducing the pressure in the thermostat and 
allowing it to contract, thereby bringing the valve 
(B) back to its seat. 


This valve on thermostat is placed in the line of 
circulation of water, to the side of pump (Fig. 324A). 
When cold, the thermostat valve (B) is closed, 
thereby stopping circulation. When warm it expands 
and opens the valve (B), which permits the pump 
to draw water from the radiator. 


A hand control, connected with a shaft extending 
from the cover of the pump, is also provided from 
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the seat, which can raise this valve, in order to 
drain the radiator. 


On the Cadillac models 55 and 57, the water-circu- 
lation pipe (C) is through the jacket of the inlet 
manifold. On the Packard this thermostat is 
placed directly at top of the radiator (rear), similar 
to the Studebaker (Fig. 31). 


Radiator and Hood Cover 


The use of a radiator cover over the cooling surface of the 
radiator during cold weather is advisable. The roll in front on 
the radiator cover can be lowered or raised during cold weather, 
until the engine warms up. Some merely tie a piece of card 
board over the lower front of the radiator during extreme cold 
weather. 


The radiator cover should be left over the front of the 
radiator until the engine is heated’up, as shown by the motom- 
eter. This prevents the fan from drawing cold air through 
the radiator. 


Another point relative to a radiator cover is that the cover 
should be designed so that the lower part of the radiator 
remains covered, more so than the upper part, especially with 


.thermo-syphon systems, even though a non-freezing mixture is 


in the solution, because the solution does not start to circulate 
until hot and in many instances the water freezes in the 
lower rubber tubing connecting the radiator with the engine, 
thus preventing circulation and causing steaming. 


To tell whether the radiator is frozen, feel the water inlet 
Pipe at the bottom of theradiator. If it is cold, and the upper 
connection is hot, then you may know it is frozen at the 
bottom. See also page 154. 


Fig. 33 


Hood cover: During cold weather the hood cover is advis- 
able, as it tends to retain the heat under the hood. 


WATER-COOLING TROUBLES 


Water 


In localities where pure water is not easily 
obtained, it is well to strain the water through mus- 
lin. Soft water is better than hard water, because 
the latter is hkely to deposit a scale on the walls of 
the radiator. The best water to use is rain water. 


It is very hard to tell whether water is hard or soft, 
but the following may be used with success: Take 
a quantity of water in the hands and go through 
the motion of washing. If it is difficult to rub the 
hands together, the water is hard. Ordinary city 
water is generally hard to some extent, but is not as 
bad as that which is found in streams. Rain water 
is very soft, and for that reason is desirable for auto- 
mobile use. 


Many automobilists have a rain catcher on the 
roofs of their garages, while others depend on the 
old-fashioned rain-barrel. The water should be 
filtered first, however, if it is taken from the roof, as 
it is likely to contain impurities. But even with 
fairly soft water the monthly use of a soda solution 
will prevent harm (this applies only in districts 
where the water is unusually hard). 


Water-Circulating Pump 


The pump requires no attention, other than to 
see that it does not become choked by using dirty 


water. There is a “packing nut” on the shaft, 
which, if the pump should ever leak around the 
shaft entrance, should be repacked. This can 
very easily be done by turning off the packing nut 
(see Fig. 31), removing the old packing, and rewind- 
ing the shaft with a few inches of “well-graphited or 
wick packing” and tightening up the packing nut. 
The packing should be wound on in the same direc- 
tion as that in which you turn the nut to tighten it. 


Sometimes the pin which connects the pump with its shaft 
becomes loose or sheared. See page 153, for a discussion of 
Broken Pump Shaft.’ 


Where a pump is used to circulate the cooling 
water, it 1s wise to fill the radiator to the top and 
then turn the engine over several times, so as to 
insure the water reaching and filling all parts of the 
system. If the engine is not turned, the pump is 
an obstruction to the passage of the water into the 
jackets, which remain partly empty, or fill so slowly 
as to leave the impression that there is more water 
in the system than there actually is. 


Fan 


“ine fan requires no particular attention, except 
oiling. Sometimes the belt gets loose and causes 
the fan to slip and not to turn as rapidly as it should 
causing overheating of the engine. If this happens, 


COOLING THE GASOLINE ENGINE 


loosen the nut which holds the eccentric arm of the 
fan, raise the arm slightly, and retighten the nut. 
This will tighten the belt. Note that this nut fre- 
quently has a left-hand thread. Do not tighten too 
tight, as_you are liable to crack the fan support. 
See also Figs. 8A., 9, and 36. 


Cleaning Radiator 


The circulating system should be carefully washed 
out, early in the spring, because the anti-freezing 
solutions, used in the winter, are likely to leave the 
tube clogged up.. In summer, it is advisable to 
flush out the circulating system about once a month. 


To do this properly, the radiator inlet and outlet 
hose should be disconnected, and the radiator flushed 
out by allowing the water to enter the filler neck at 
ordinary pressure, whence it will flow down through 
the tubes-and out at the drain cock and hose. The 
water jackets can be flushed out in the same manner. 


To remove scale from the inner surface of the 
radiator: One method is by using hot water, in which 
a small amount of ordinary washing or baking soda 
(about one teacupful to each two gallons) has been 
dissolved. Fill the radiator with this solution, and 
then start the engine and run it with the spark 
retarded for about 15 or 20 minutes until the solu- 
tion becomes hot and has thoroughly circulated 
through the entire water system. Drain off the 
solution and thoroughly flush the system with clean 
water, using a hose for the purpose. Do not permit 
the soda solution to remain in the radiator for more 
than an hour. Be careful not to spill any of the 
soda solution on any painted or varnished surface. 


For very hard deposits a solution of one quart of 
commercially pure muriatic acid to five gallons of 
water circulated through the cooling system slowly 
for five minutes is advised by one manufacturer. 


Another good method is, to one pint of glycerine 
add enough boiling water to fill the system, then 
run the engine slowly and drain out after running, 
and flush with fresh water. Reversing the flow of 
water in flushing also helps. 


Cleaning a muddy radiator: If the air spaces of 
the radiator become clogged with mud, after driving 
over dirty roads, do not attempt to remove the 
mud with a screwdriver, wire, or other metal instru- 
ment. Instead, soften the mud with water. The 
best way is to wash the radiator by flushing a stream 
of water from a hose through it from‘the rear. In 
doing this, take care not to let water get into the 
magneto or electrical system, which is likely to be 
short-circuited in that way. 


Hose Leaks 


The rubber hose (H, Fig. 34) and its connections 
(C) are often a source of leaking. When the hose is 
worn it will become ragged-looking on the outside. 
The rubber which surrounds the fabric will commence 
to have a torn appearance and the water will seep 
through the fabric. There are two ways of remedy- 
ing this; one is to renew the hose, and the other is 
to repair old hose. ‘The first is the better and more 
permanent repair. In doing this a piece of hose of 
the same thickness and length as that now in place 
is secured. The clamps which hold the hose in 
place are removed. The new hose is slipped in 
place and the clamps put over it and screwed up 
tightly. Paint all threads of water pipes with white 
or red lead. 


A good plan is to use shellac or rubber cement on 
the ends of pipes before placing on the hose. 
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Wotch for rotten appearance 
Fig. 34 


On airplane engines, where hose connection is 
made to a pipe, it is connected with a ‘‘connector” 
and then taped and shellacked. 


Where gaskets are used on water manifolds, it is 
not necessary to use shellac. Usually copper gas- 
kets are best, or sheet packing such as “rainbow” or 
‘“‘mobolene,” is often used. Do not use leather. 


On cylinder heads copper gaskets interlined with 
asbestos are used extensively. Use heavy oil on 
ae sides when replacing. Be sure the surface is 
clean. 


If gaskets are old, they usually have a rough sur- 
face. Clean thoroughly and use shellac on both 
sides. Do not permit shellac to get into the cylin- 
ders, which will happen if put on too thick. See 
Index under ‘‘Gaskets.” 


Cylinder Leaks 


Cylinder leaks: A slight leakage of water from 
the jacket into the cylinder may be caused by a 
crack, but more usually will be found to be simply 
a defect in the seating of the pipe plug fitted in the 
heads of many engines. 


A crack in the cylinder, when on the inside, is 
difficult to locate. Its action may be of such a 
nature as to be only operative when the engine is at 
full working heat (due of course to the expansion). 
It is generally accompanied by misfiring and boiling, 
the former owing to leakage of water into the cyl- 
inder, and the latter owing to the exploding gases 
(at a very high temperature) being forced into the 
water-jacket. 


The best means of detection is to fill the radiator 
entirely to top of cap, run the engine till hot, then 
stop it and turn it over by hand against the com- 
pression in each cylinder. If there is a crack, bubbles 
will appear at the cap. Thus, by noting the 
compression of each cylinder, the defective one can 
be located. 


Slight leaks inside of the cylinder have been 
remedied by rusting, if the hole is very small. See 
Index under “‘Rusting a hole in cylinder.” 


Leaky Radiators 


Leaks in the radiator are often hard to reach. 
They are detected by the steam arising from the 
water that flows through the leak and down the 
outside of the radiator. The great facility with 
which the cooling water will boil after the radiator 
has been refilled is another clue which, although it 
is common to all leaks in the system, will lead the 
operator to the point at which it occurs. On the 
subject of testing for radiator leaks, see Index. 


Scouring out the circulation system with a strong 
alkali, such as soda, will sometimes tend to seal up 
any small leaks, and it might also be effective for a 
slight crack in a water jacket, as the soda, coming 
in contact with the iron, would form an insoluble 
filling and prove even better than rusting up the 
crack. 

The standard honeycomb radiator is somewhat prone to 
these leaks; the metal is so thin and the joints so numerous. 
It is not always possible to have a leak soldered up at the 
required time. In this case recourse can be had to a small, 
useful accessory known as a ‘‘leak preventer.” It consists of 
a couple of small plates or washers with a piece of sheet rubber 
fixed on; these plates have hooks, so that a spiral spring can 
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be fixed on to draw them together. The spring is threaded 
through the aperture at the leaky cell, the plates hooked on, 
and thus held firmly up against it. Most accessory houses 
keep them, and if the car has a honeycomb radiator it pays to 
carry several of these devices. The construction of this type 
of radiator lends itself to a repair of this kind, but leaks in 
other forms of radiators, when they occur on the road, are 
rather troublesome. Even soldering them is by no means an 
easy job. There being such a large mass of metal, the solder 
cools as soon as it touches it. 


A temporary repair can be made with white lead, especially 
if a piece of tape can by any means be bound over the repair. 
It is often possible to hammer up or plug a leakage in a tank 
or radiator. : 


Leak Preventives 
There are many so called leak preventives, for 
instance, a cement called cold solder. The manu- 
facturerg claim that by pasting externally on the 


leak (Fig. 35), it will harden and stop a leak temporar- 
ily until the radiator can be repaired. (Stone 
Solder Co., Cleveland, Ohio.) Another leak pre- 
ventive is a chemical mixture of cement which is 
placed internally in the radiator when the water is 
hot. The solution is supposed to pass out of the 
leak in the radiator and as it is exposed to the air 
it hardens and closes the leak. It is claimed that 
this preparation will also close cracks in water mani- 
folds, ete. 

One radiator manufacturer states that ordinary bran mixed 
with water will stop a slight leak. The writer has never tried 
this. Another manufacturer advises against the use of bran, 


meal, or patented preparations. The best plan is to have the 
radiator soldered. See Index under ‘“‘Radiator repairs.” 


Some of the manufacturers of radiator cements are Wood- 
worth Mfg. Corpn., Niagara Falls, N. Y.; X-Laboratories, 
630 Washington St., Boston, Mass.; N. W. Chemical Co., 
Marietta, O. 


Paint for radiator fins can be made from drop 
black ground in Japan and gold size, thinned with 
turpentine. See Index under “Painting radiator.” 


Water Boiling 


Water boils at 212° Fahr. at atmospheric pressure. 
For this reason the cooling system of an automobile 
is so designed that the water is at a temperature of 
about 170° to 200° under average running conditions. 
This leaves quite a margin before the boiling point 
is reached. 


When climbing a hill with a retarded spark, the 
engine naturally becomes warmer and for this reason 
the margin is left, although as a matter of fact the 
engine would run at a higher efficiency if the temper- 
ature of the cooling water could run higher. If the 
cylinders are kept too cool, it means that too much 
heat is being withdrawn from the explosions. On 
the other hand, if permitted to become too hot, 
power is lost through: (a) the entering gases being 
unduly rarified or prematurely expanded, and 
thereby containing less combustible material per 
volume; (b) friction due to the thinning of the oil, 
and probable binding or seizing of the piston or 
bearings. 


Therefore the best water temperature to maintain 
is about 170° to 178°. 


To determine if the boiling is due to stoppage of 
circulation, feel the radiator. It should be slightly 
hotter at the top than at the bottom, but if clogged, 
there will be a pronounced difference in temperature. 


Do not get alarmed if the water boils occasionally, 
especially in driving through mud and deep sand or 
up long hills in extremely warm weather. Remember 
that the engine develops the greatest efficiency when 
the water is heated nearly to the boiling point. But 
if there is persistent overheating when the engine is 
working under ordinary conditions, find the cause 
of the trouble and remedy it. The chances are 
that the difficulty les in improper driving or in 
carbonized cylinders. 


No trouble can result from the filling of a heated 
radiator with cold water, providing the water system 
is not entirely empty, in which case the engine 
should be allowed to cool before the cold water is 
introduced. 


OVERHEATING OF ENGINE 


In some engines an inclination to overheat gradu- 
ally develops as the car gets older, and appears to 
defy all efforts to remedy by attention to carburetion 
or ignition. 


This may be due to the clogging of the cooling 
system with incrustation or to deposit in the walls 
Se cylinder jackets and the water system gener- 
ally. 

Assuming that the design and the construction 
of the engine, including all features of the cooling 
system, are correct, then, except for leaks, insuffi- 
cient water, and bursting of the water jackets from 
freezing, overheating is the final result of all troubles 
from the cooling system, and overheating is gener- 
ally due to one or more of the following causes: 


1. Insufficient water supply in the radiator. 


2. Constricted holes in the gasket where the pipe 
connects to the cylinders and pump, 


3. Frayed hose connections clogging the water 
passage. 


4, Incrustations or lime deposits on the wall of 
cylinder or radiator tubes. 


5. Carbon in the cylinders. In such a case, 
remove the cylinder head and scrape out the 
carbon. 


6. Driving on low gear. The engine should not 

be raced when driving on low gear, and the 

’ spark should be well advanced, because the 

engine speed is comparatively high. Do not 

use low, when high speed can be used without 
straining the engine. 


7. Spark retarded too far. Keep the spark 
advanced as far as possible, without causing the 
engine to knock. As the throttle is opened 
and the engine slows down, it is necessary to 
retard the spark. 


8. Poor ignition. If the engine is misfiring, it is 
necessary to open the throttle much wider and to 
retard thespark; this tends to cause overheating. 


9. Valves. The exhaust valve may not open 
early enough to discharge all of the burned gas. 


10. Carburetion. Too rich a mixture, or driving 
with the throttle open too far and the spark 
retarded too much. 


11. Insufficient or poor quality of oil. Lack of oil 
will cause such friction between the pistons 
and the cylinder walls that the engine will over- 
heat and the pistons may stick. Poor oil 
burns up, or becomes thin and runs away so 
quickly that the parts are left practically without 
oil. Use good oil—it costs less in the long run. 


COOLING THE GASOLINE ENGINE 


153 


12. Racing the engine. Close the throttle when 
the clutch is disengaged, and so save gasoline 
and prevent overheating. 


13, Clogged muffler. Too rich a mixture or too 
much oil will deposit soot in the muffler and by 
preventing the escape of the exhaust, will cause 
overheating. Clean the muffler by disassem- 
bling it. 

14. Water frozen—steams. To thaw out, open 
drain cock. Water usually freezes at bottom 
of the radiator, therefore pour hot water on the 
bottom until circulation starts. This will be 
indicated by water running out of the drain 
cock. Then close the drain cock and fill the 
radiator with water and keep the engine run- 
ning. Sometimes when the engine steams, if 
a blanket is thrown over the engine and radia- 
tor, the-heat will thaw out the bottom of the 
radiator. See page 150 under “‘ Radiator and 
hood cover,” on how to tell when the water is 
frozen at the bottom of the radiator. 


15, Fan not working properly. A broken or a loose 
and slipping belt will not rotate the fan fast 
enough to draw a cooling current of air through 


the radiator. This will tend to cause overheat- 
ing when the engine is idling or running on low 
gear. Tighten or replace the belt. Perhaps 


it may be necessary to bend the fan blades at 
a slightly sharper angle, in order to draw more 
air through the radiator (see Fig. 36). 


16. Poor water circulation due to low water. 
Where the thermo-syphon system is used, the 
water will cease to circulate as soon as the level 
falls below the inlet to the radiator. Keep the 
radiator well filled. Leaks may lower the water 
level. The rubber hose connections may have 
rotted and a flap of rubber on the inside of one 
of these hose connections may seriously impede 
the flow of the water. 


17. Broken pump shaft. It is difficult to tell 
whether or not a circulating pump is working. 
Remove the radiator cap and see if water is 
circulating while running the engine. The pin 
holding the-pump shaft may be sheared off, yet 
the pump shaft would continue to revolve. 


18. Brakes dragging. This would call for an 
increase of power from the engine. Examine 
the brakes with rear wheels jacked up. 


19. Bearings. 
hauled, the bearings may be too tight. 
plenty of oil and run until loosened up. 


If the engine is new or just over- 
Put in 


20. Radiator clogged with mud or dirt, or an obstruc- 
tion in front of the radiator, thus preventing 
passage of air. 


Fire Truck Engine—How Cooled 


_ 0.: How does the engine on an automobile fire truck cool 
itself when the engine is running continuously for long periods 
with the car standing, which is often the case at a fire? 


Ans.: There is a cooling line from the discharge side of the 
main pump directly into the water manifold. This is a 34" 
line, and is controlled by a gate valve which enables the opera- 
tor to keep the engine at any desired temperature. An overflow 
on the radiator allows this cooling water, which amounts to 
8 to 10 gallons per minute, to pass off. 


NON-FREEZING SOLUTIONS FOR COOLING SYSTEM 


In winter, a water-cooled engine must be care- 
fully guarded against freezing, for if the water 
freezes in any part of the system it will cause the 
breakage of piping or radiator, or crack a water 
jacket. When the engine is running, the water is 
kept warm, therefore the danger is not as great. 
It is advisable, however, to take no chances, as 
freezing has been known to occur, even with the 
engine running. 


When leaving the car for several days, during cold 
weather, the safest plan is to drain the water out of 
all parts of the system, cocks being provided for 
the purpose at the lowest point of the system, 
usually at the bottom of the radiator. The engine 
should be run for a few minutes to make sure all 
the water has been removed. 


Non-Freezing Solutions 


Note. Be sure that there are no water leaks. Tighten up 
hose connections and drain the water system and wash it out 
thoroughly before putting in non-freezing solutions. 


To prevent the water from freezing when it is not 
desirable to drain it out, there are a number of 
chemicals which can be mixed with the cooling 
water, such as calcium chloride, wood alcohol, 
denatured alcohol, glycerin, and alcohol. 


Calcium chloride (common salt of calcium) or any 
acid or alkaline solution is injurious to metal parts, 
and if there are leaks it will corrode the parts. The 
amount of calcium chloride to mix with water 1s 
given in the table below. Calcium chloride is 
simply mixed with water in the proper proportion. 


It is best to make a saturated solution of the salt, 
and then add this to water in desired proportion. 
It dissolves quickly in hot water. 

In using calcium chloride it is the acid in it which attacks the 
metal. This can be neutralized by adding ammonia or soda 
ash until blue litmus paper no longer turns red when dipped into 
the solution. 

There are three grades of alcohol: denatured 
alcohol, which is a disguised grain alcohol of first 
still (not suitable as a beverage). _ It sells for about 
$1.05 per gallon and has a higher boiling point than 
wood alcohol. Wood or methyl alcohol sells for 
about $1.60 per gallon, and has a lower boiling point. 
The high-proof or double-still grain alcohol used as 
a beverage is too expensive. ‘Therefore, denatured 
alcohol is cheaper, has a higher boiling point, and 
is the proper thing to use. 


Wood alcohol boils at 153° Fahr. and denatured 
alcohol boils at 171° Fahr. Therefore alcohol, 
while it is not injurious in any way, lowers the boiling 
point of the water. Consequently on warm days, 
with the car standing and the engine running, the 
solution will tend to boil easily and to evaporate. 
However, denatured alcohol and water is the least 
expensive and is probably used more than any other 
solution. ‘The proportions of denatured alcohol, or 
of wood alcohol and water are given in the table 
below. 


For losses by evaporation, use 75 per cent alcohol 
to 25 per cent water, as the alcohol evaporates 
quicker. This does not apply to loss by leaks or 
boiling over. It is best however, to check the solu- 
tion with a hydrometer before filling, and to add 
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alcohol and water until the specific gravity as shown 
in the table is reached. It will be observed that as 
the specific gravity is given in the table, a hydrom- 
eter may be used for mixing and maintaining a 
correct solution, by first testing the original and 
keeping it up to a standard. 


The use of glycerin raises the boiling point of the 
solution. It is more expensive than alcohol (a 
pound of glycerin costs about 50c.; there are 10 
Ibs. to a gallon) and is slightly injurious to rubber. 


Glycerin and alcohol mixed with water can be 
used. The proportions are given in table below. 


Where glycerin, alcohol and water are used, only 
the alcohol need be replaced for evaporation, which 
should be added occasionally. The glycerin does not 
evaporate with the water. If there are leaks, how- 
ever, the glycerin and alcohol should be replaced. 


Glycerin and water alone is not advisable, as this 
solution would form crystals at temperatures slightly 
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lower than zero. Hence the necessity of adding 
alcohol due to evaporation. 


Where engines are equipped with thermostat temperature 
controls, the glycerine mixture is the best to use. 


For a second filling of any of the solutions, the 
best plan is to take a hydrometer reading of the 
specific gravity of solutions when mixed, and to 
keep the solution up to standard. 


Non-Freezing Solution Table 


The table below prepared by Mr. P. J. McCul- 
lough, gives the freezing temperature of four differ- 
ent anti-freezing solutions in various proportions of 
mixture with water for ten gallons of solution. The 
number of pints of each liquid required for 10 gallons 
(80 pints) of solution is given as designated. If a 
mixture of 5 gallons is required, then use one-half 
the quantity of each. If a mixture of 15 gallons is 
required, use the amount shown in the table plus 
one-half additional. 


DENATURED ALCOHOL | WOOD ALCOHOL 
AND WATER AND WATER 


CALCIUM. 


ALCOHOL, GLYCERIN 
CHLORIDE 


AND. WATER 


>}— 


"| WATER SPEC emp. |Xtco. he cae 
10 R 3C. MP-_ |ALCO-|GLYC.)WATER|| TEMP- CHL. | WATER | SPEC. 
IN GR. || ERATURE; HOL | IN IN IN IN GR 
PINTS °F PINTS | PINTS] PINTS PINTS | PINTS 
20% "| 
.9880 ABOVE 6 6 68 7 1,092 
“ZERO 
92 
9755 ABOVE 10 10° 66 J 
| |__ 2BR0 oe 
oh ‘ 
9680 BELOW 12 12 56. 
ZERO ZERO 
Ge aye 12° 
9625 1) prLow | as 13 54 BELOW 
ZERO ZERO 
[| 22° abe 
9535 BELOW: | .i5 15 50 BELOW 
ZERO Fa | ZERO 
| aie 


-9070 


57° 


BELOW 
ZBRO 


-9005 


65° 


BELOW 
ZERO 


What to Do if the Water Freezes 


_ If the cooling water should freeze, the usual 
indication of a frozen radiator is steaming exces- 
sively. It would appear that the steam or heat 
would thaw it out and start the circulation again, 
but such is not the case. When the water freezes, 
do not run the engine to try and start circulation 
as the fan draws in cold air and only assists in keep- 
ing it frozen. Find the nearest warm garage and, 
if possible, turn hot water on the bottom of the 
radiator until steaming ceases, as a radiator in this 
instance usually freezes at the bottom first. 


When the engine overheats by steaming, due to 
frozen water, feel the radiator and inlet hose connec- 
tion between the engine and radiator at bottom. 
Tf cold at the bottom and hot at the top, the bottom 
is frozen; if warm, then circulation is all right 
and the trouble is due to lack of water or some- 
thing else. 


In addition to using a non-freezing solution, it is 
always well, when making a stop, to cover hood and 
radiator. See Fig. 33, page 150. 


Also draw in a full charge of gas by speeding up 
the engine slightly and opening the throttle, before 
stopping. 

In carbide-gas lighting generators, using the water drip, a 


suitable non-freezing solution is alcohol and water i 
, . n 
proportion (no glycerin), yee 


Kerosene for Cooling 


Objections to kerosene are the odor of heated 
kerosene. When heated, kerosene evaporates and is 
liable to cause a fire if near a flame; on warm days 
in winter there is a tendency for the engine to heat 
on account of difference in the coefficient of heat of 
kerosene and water or alcohol; kerosene rots radia- 
tor tubing and will also deposit a greasy mist over 
the car. Gas is also liable to form and cause ex- 
pansion and bulging of the radiator. The boiling 


point of kerosene is much higher than aleohol. See 
Index. 


Kerosene is used in extremely cold climates where 
engines are equipped with water-circulating pumps. 


It could not be used at all with the thermo-syphon 
system. 


COOLING THE GASOLINE ENGINE 


Cadillac Condenser 


_ The Cadillac patented condensing device is shown 
in Fig.37. With this device it is possible to use with 
safety the expensive alcohol solution as an anti- 
freezing cooling medium. A condenser of simple 
construction is attached to the frame, and is con- 
nected by a tube to the overflow which runs from 
the upper tank of the radiator. 


Alcohol vapor driven out of the solution by heat, 
as well as any water vapor, is restored to liquid form 
in the condenser. 


When the radiator gets cold, the vacuum pro- 
duced by the contraction of its contents automati- 
cally causes the surplus liquid in the condenser to 
return under atmospheric pressure to the radiator. 
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Radiator & 


Condenser. 


TYPICAL EXAMPLE OF A THERMO-SYPHON WATER-CIRCULATING SYSTEM 


The illustration below is that of the Golden- 
Belknap and Swartz 4-cylinder engine showing the 
outer water jacket of the cylinder removed to show 
the direction of flow of the water. 

The reader will also gain an idea from this illus- 
tration as to the location of a starting motor (to 


Internal view of a thermo-syphon principle of water circulation system. Principle: 
and passes from the top of the water jacket at the top of cyli 
of radiator, through radiator cores, whence it is cooled by air 


the left) and the generator (front). The generator 
is operated by a silent chain (encased). Note that 
the fan is operated from a pulley on the end of the 
erank shaft. The pressure oil gauge is shown to 
the left, above the foot pedals, and is attached to 
the dash. 


When the water is heated it rises, 


nders, through the upper rubber hose connection, to upper tank 
drawn through the radiator openings by the fan. 


The cooled 


water then passes to the lower radiator tank, up through lower hose connection, to lower part of cylinder water jackets. 


The word “thermo” pertains to heat and the word “syphon’” refers to drawing off a liquid from a higher to a lower level. 
Thus the water rises from a high level due to the heat init, or to being lighter, or less dense. 


By referring to page 146, Fig. 4, this thermo-syphon principle of water circulation can be compared with that of the “forced 


water-circulation’”’ system. 


AIR COOLING 


The object of cooling is to remove the excess heat 
from the cylinders. There are only a few cars on the 
market in which this is accomplished by the air 
direct, without the use of water. 

Air-cooled engines usually have small-bore 
cylinders. 

The different methods of air cooling are summed 
up as follows: 

(1) By having a large radiating surface by means 
of cast flanges or gills, inserted pins, or tubes, 


(2) By using extra large exhaust valves, so as 
to cool the combustion space between power 
strokes. 


(3) By combining large radiating surfaces with 
low speeds in multiple-cylinder engine. 


(4) By the use of auxiliary exhaust ports, com- 
bined with surface radiation. 


(5) By forced draught of air circulating through 
an air jacket around the cylinder. 
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A cylinder with radiating flanges is shown in 
Fig. 38. When in motion, the current of air blowing 


RABIATIN 
FLANGEN 


Fig. 39 


against the flanges drives the heat away. This 
principle is used extensively on motorcycle engines. 


A forced draught air-cooling system is shown in 
Fig. 39, formerly used years ago on a prominent 
make of car. With thissystem the circulation of air 
was forced through jackets placed around each 
cylinder, open at the bottom and top, being con- 
nected to a pipe from a centrifugal air blower or fan. 
The forced air passed the radiator flanges, and out at 
the bottom. In some respects, this principle is 
similar to that in use on the Franklin. 


The Franklin air-cooled engine is a very successful 
engine for automobile pleasure cars employing the 
air-cooled method. The six cylinders are 3 4%" bore 
and 4” stroke, giving a formula horsepower of 25.3. 


By referring to the illustration (Fig. 40), the path 
of the air is shown, first through the hood, thence 
over and down through the air jackets. The air is 
then deflected downwards and out through the fly- 
wheel blades. 


Vertical steel fins are made integral with the 
individual cylinder casting, by having the iron 
poured around the strips of steel. Very light 


aluminum jackets guide the air draught downward 
from the heads of the cylinders. 


Fig. 40. Direct air cooling of the Franklin. 
is the only moving part of the cooling system. 


The fly wheel 


Note the vanes in the fly wheel, which create a 
suction equal to 2,200 cubic feet every 60 seconds; 
a continuous flow of air literally wiping the heat 
away. It is stated that the heat on a Franklin 
engine is about 350° Fahr. (see Fig. 12, page 107, for 
Franklin exhaust-heated inlet manifold). This heat 
is shut off after the engine is warmed up. 


The Franklin at one time employed auxiliary 
exhaust valves to assist in dispelling the heat of 
explosion from the cylinder as rapidly as possible. 
This method, however, has been discontinued. 


Another popular make of air-cooled car is the 
Holmes, manufactured by The Holmes Automobile 
Co., Canton, Ohio. 


HEATING A CAR 


There are three methods of heating .a car as 
explained below: 


(1) hot water; (2) exhaust gas; (3) hot air. 


Fig. 41. Hot-water method of heating a car. 


The hot-water method is shown in Fig. 41. This 
method can be used only where there is a forced or 
pump-circulation system. Connections are made 
with the circulating system at the top of the rear 
cylinder. The water circulates through the heater, 
whence it returns to the bottom of the radiator. 


The heater is made of regular water pipe, and the 
housing of aluminum or light cast iron. The floor is 
cut away, allowing the surface of the heater to be 
flush with the floor. The top plate, made of alumi- 
num, is then placed over the heater box. 


The exhaust method for heating is to utilize the 
exhaust gases instead of water. In this instance 


the pipes would be connected with the exhaust pipe 
instead of with the water pipe. Only one side, the 
inlet, would be connected and an outlet is provided 
for the emission of the gas. 


Pri Mee entreaties 
COLD AIR pipe 


R DRUM 
© FLEXIBLE 
EXHAUST PIDE TUBING 


MUFFLER 


Fig. 42. Hot-air method of heating a car. 


The hot-air method is shown in Fig. 42. This 
example illustrates the Brickly (patented) method. 
The air is taken from the fan through a funnel open- 
ing, and a flexible metal hose drives it through a 
metal jacket 24 to 30 inches long, which covers the 
“piping hot” exhaust pipe, and warms it thoroughly. 
It then drives it through a 114-inch opening in the 
floor of the car, into a tubular register, along the 
back edge of the front Seat, sending a continuous 


stream of heated air into the car. (Exhaust gases 
are not used.) 
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LUBRICATION: Engine Lubrication 
Gauges; Kind of Engine Oil to U 


Methods; Purpose of Lubrication; Oil 
se; Engine Lubrication Troubles; Rela- 


Eee es Carbon to Lubricating Oil; Pointers on the General Lubrication 
of a Car 


QUEECHANICAL-O/LER 
LUGE FELD SYSTEM 


ia} 


ms 
reticent 


Some of the early methods of engine lubrication: There are four different systems shown on this engine in order to clearly 


explain each system. 


The systems are enumerated and described below. 


EXAMPLES OF SOME OF THE EARLY ENGINE LUBRICATION SYSTEMS 


Splash system: We will assume that oil is placed 
in the crank case through the breather pipe. The 
scoops (O) on the end of the connecting rods pick up 
the oil from troughs (E), and splash it to the various 
parts. This would be termed a ‘“non-circulating”’ 
system. 


Splash, force, and gravity: We will assume that the 
splash system just described is a part of this system. 
The overflow passes to reservoir (V); it is then 
forced by pump (M) to a gravity feed reservoir 
placed on top of the engine. The passage is then 
through the different pipes (S to L) to the bearings, 
thence back to the troughs (E) and reservoir (V). 
This system would also be termed a circulating 
system, as the oil is in continual circulation. 


Force feed and splash: The mechanically oper- 
ated pumps (B) are driven by belt, chain, or gears. 
There are several small pumps in the oil reservoir 
box (N), in fact a pump for each feed; the delivery 
pipe is from (B) to (D) through pipe (P3) and each 
separate feed (L1, L2, L3, Lt) are piped to the 
different parts to be lubricated. The oil passes 
through a sight glass (G). The oil then passes to 
the bearings and falls to the bottom of the crank 
case. The oil reaches such a level or height in the 
crank case so that the connecting rods give an addi- 
tional lubrication by splash. The amount of oil 
fed is regulated by drops, through the sight glasses, 
by the regulation of the screws (D), and depends 
upon the size of the engine and on the speed. 


(Note that pipe (P4) is not conneeted with this 
system.) This would be termed a “non-circulating 
system.” 


Exhaust pressure feed and splash: This system 
consists of an air-tight oil tank or reservoir (PT). 
A small pipe (P1) connects the tank with the exhaust 
pipe. A check valve (A) permits the gas pressure 
to pass into the tank but not to flow back. 


The initial pressure is given to the tank by a small 
hand pump through pipe (P2). After the engine 
is started, the pressure from the exhaust is sufficient 
to force the oil through pipe (P4) to the sight-feed 
glasses, thence to the various parts to be lubricated 
—thence to the crank case. 


This system, like the third system, requires gil to 
be fed by drops, as it is not pumped over and used 
again, and would be termed a ‘non-circulating sys- 
tem.” 


With the exception of the “splash system,” the 
systems mentioned above are now seldom used. 


The illustrations above are not intended to exemplify 
e lubrication methods. In order that 
derstand the advantages of the mod- 
tems, it is necessary that he under- 
Furthermore, he may have occasion 
at times to work oP engines equipped with some of the early 
systems. Moreover, some of the systems shown above are 
now used on marine and stationary engines. 
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PURPOSE OF LUBRICATION 


When two parts of a mechanism rub together, it 
is necessary to use some means of preventing exces- 
sive friction, and this is usually done by applying a 
film of lubricating oil between them. Without a 
lubricant the friction would cause heating, and the 
result would be cuts or scratches on the surfaces of 
the two parts. 


Two parts intended to rub together, like a shaft 
in its bearing, should be made as smooth as possible, 
for roughness would cause friction that lubrication 
could not prevent. The more rapid the movement 


of the parts against each other and the greater the 
pressure, the more they must be lubricated. 


A bearing in which a shaft is turning at a constant 
speed requires a constant supply of oil which must 
be fed to it regularly as required. Too much oil 
would be wasteful, and too little would permit the 
bearing to become heated. All the moving parts of 
an automobile must be lubricated, but as some parts 
move much more than others and are subjected to 
greater strain and pressure, the kind of lubrication 
must be varied to suit these conditions. 


ENGINE LUBRICATION SYSTEMS 


The principal parts of an engine to be lubricated 
are: main shaft, cam shaft, crank pin and wrist pin 
bearings; cylinder walls, piston and piston rings, 
valves, push rods, and all moving parts. 


Methods of engine lubrication may be divided 
into two general classifications: the “circulating” 
and the “non-circulating” systems. 


The circulating systems would be represented by 
systems having a continuous circulation of oil and 
these are frequently termed the ‘pump over” sys- 
tems. For instance, a system using a force pump for 
pumping the oil from the lower part of the crank case 
to the upper part, with a drain back to the lower 
part again, would be termed a ‘‘circulating system.”’ 


A non-circulating system, such as a drip or gravity 
system, or a mechanical feed, so many drops per 
minute, depending upon the speed and size of the 
engine, with no provision for circulating the oil 
again, would be termed a “‘non-circulating system.”’ 


These systems may be combined, which is fre- 
quently done. For instance, the combination of a 
“forced feed’’ and “splash” system is often met with. 


But, speaking generally, the systems can be 
grouped under: (1) splash, and (2) forced-feed lubri- 
cation. 


Drip (or Gravity Feed) and Splash 


This non-circulating system consists of a drip or 
gravity-feed oil cup (Fig. 1) placed over the bearings 
and also on the side of the cylinder. Special oil 
cups are required for the cylinder which will prevent 
the compression interfering with oil entering the 
side of the cylinder wall. 


The oil drips by gravity, and the surplus flows 
to the oil trough from where it is picked up by the 
connecting rod and splashed to parts above. (C) 
is the cylinder and (B) the bearings; (S) is the 
crank pin. The oil in the lower part of the crank 
case is kept at a sufficient level for the connecting 
rod to pick it up and splash. The filling is done 
opre in a while as required, by pouring the oil in by 

and. 


The oil cups feed by drops, and usually the manu- 
facturer determines how many drops per minute 
are required. 


The oil flow is not controlled by the engine, and 
each cup is therefore provided with an adjustment, 
whereby the feed may be regulated when the engine 
is running, and turned off when it is stopped. This 
would be classed as a “non-circulating system.” 


This system is used extensively on two-cycle 
marine engines, and stationary engines. Two-cycle 
engines are also lubricated by mixing the oil with 
the gasoline through the mixing valve, the mixture 
being about one pint of oil to five gallons of gasoline. 


The Splash System—Non-Circulating 


The true splash system alone is non-circulating. 
The crank case is made oil-tight, and oil is placed 
in it to such a depth that the bottom end of the con- 
necting rod dips into the oil, and splatters it to all 
parts of the crank case, the bearings, and the lower 
part of the piston. An oil groove is sometimes cut 
around the lower part of the piston, and the oil 
splashing into this is carried upward and distributed 
on the cylinder wall and rings. There are no oil 
troughs in this system. 


As the oil is used, more must be added to the 
crank case to keep the necessary level. This is done 
either by means of (1) a hand pump connecting the 
crank case to an oil tank, or (2) by an oil cup that 
drips a certain amount of oil into the crank case 
every minute, or (3) by filling through a breather 
pipe. 


With the hand pump, the driver gives it a stroke 
or two every few miles, experience being his guide as 
to how often and how much. This latter system, 
however, is not much used on automobiles, but is 
extensively used on motorcycles. This system 
would be termed a non-circulating system. 


> fp 
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Fig. 2 Fig. 3 Fig. 4 


The objections to the splash system are as follows: 
a reference to Fig. 2 will show that the engine isin a 
level position. As long as the engine remains level 


1A “breather” for an engine is a pipe opening connec ith — 
the crank case, and extending slightly ANGE si ie ies 
poured into the crank case. The opening is closed by a cap 
which does not fit tight, but allows the air to enter, and at the 
same time prevents oil from working out, (See Fig. 19, page 
39, for location of breather or oil filler). : 
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the splash system gives fairly good satisfaction; 
that is to say, so long as the level of the oilis kept up 
to the lowest point of the connecting rod where it 
can be picked up and thrown to the upper part. If, 
however, the car is in such a position as that the 
engine will be tilted, as shown in Fig. 3, then the oil 
goes to the rear cylinder. ‘The rear cylinder is over- 


lubricated and the others are under-lubricated. 
Even though a “baffle” plate is placed as shown in 
‘Fig. 4, still there are two cylinders minus oil. 
Therefore some other means must be employed so 
that all cylinders will receive their proper share of oil. 


= 


WEFEEDING FROM 
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Fig. 5. The Ford semi-circulating system. 


Splash System—Semi-Circulating 


One method of overcoming the objection just 
mentioned is to provide troughs (O) under each 
connecting rod, which is shown in the cut of Ford 
engine (Figs. 5 and 5A). The troughs retain the oil, 
even though the engine is at an incline. The next 
method is to keep the oil at a constant level in the 
troughs. This is accomplished by some means of 
circulating the oil. In this instance the constant 
eve) of oil is maintained by the action of the fly 
wheel. 


Fig. 5A. Showing how the flywheel circulates the oil. 


The fly wheel throws the oil to the top of the 
transmission case where part of the oil is caught by 
tube (T) and fed by gravity to the cam gears. 
overflow coming back tends to keep the troughs (O) 
filled with oil. This system would be termed a 
“gemi-circulating system” (used on the Ford engine). 


Splash System—Circulating* 


This system could be termed a ‘“circulating-splash 
system,” also a “pump over” system, and is the 
true constant level, circulating-splash system 
because the oil troughs are kept at a constant level 
by apump. It could also be termed a “‘force-feed 
and splash” system. 


The operation of a “circulating” or “pump over” 
oiling system is shown in Fig. 6; the main oil supply 


The depth of oil in the oil-pan of an engine using the splash 
edie be just enough so that the splash will distribute 


the oil. 


The © 


is contained in the reservoir (R), from which it is 
drawn by the pump (M) and forced through the 
te or leads (L) to the main crank-shaft bearings 


Fig. 6. Circulating system. 

The overflow from these bearings is thrown by 
centrifugal force against the walls of the crank case 
and cylinders, and, as it runs down, is collected by 
inclined channels (N) which conduct it to troughs. 


For lubrication of the connecting rod bearings, 
scoops (S) are fitted to the lower ends of the con- 
necting rods, which dip into the oil contained in the 
troughs and scoop it up into the crank-pin bearings 
at the lower ends and through tubes (E) running up 
the rods to the piston-pin bearings. 


Overflow pipes (P) are provided in the trough, so 
that the excess oil can return to the reservoir (R). 


The pump (M) is usually a gear type of pump, 
operated by bevel or spiral gears and vertical shaft 
from the cam shaft (C). On many engines the 
pump is a plunger type, operated by a cam from 
the cam shaft. 


Force-Feed System 


In this system, oil is forced by pressure from the 
oil-pan by a pump to the crank-shaft bearings, then 
through drilled holes in the crank-pins, as shown in 
Fig. 10, page 160. Oilis not forced to the piston-pin, 
piston and cylinder, but these and other parts are 
supplied by oil thrown from the crank-pin bearings. 
The connecting rods do not dip. 


Full Force-Feed System 


In this system, oil is foreed by pressure from the 
oil-pan by a pump to the crank-shaft bearings, then 
through drilled holes in the crank-pins, as in Fig. 7. 
Oil is also forced to the connecting rod, upper part, 
or piston-pin, through channels or pipes, thence out 


Fig. 7. Diagram of a “full-force-feed”’ system. 
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of the piston-pin to the wall of the cylinder. Thus 
the difference between the “force” and “full force” 
system will be apparent. The connecting rods do 
not dip. 


Note the dotted lines showing the path of the oil. 
(A) is the oil reservoir; (B) the piston or gear type 
of pump; (C) eccentric or gear for operating pump; 
(G) gauge placed on the dash to indicate the pres- 
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sure; (F) check valve; (D) a strainer. This would 
be termed a true “full-force-feed’’ engine lubrica- 
tion system. 


Where a ‘‘full-force-feed’’ system is used the 
pistons must fit accurately as to clearance. If 
there is too great a clearance there will be an excess 
of oil in the combustion chamber and smoke 
come from the exhaust. 


OIL PUMPS 


There are two types of oil-circulating pumps in 
general use: the ‘gear’ type (Fig. 8) and the 
“plunger” or “‘piston” type (Fig. 9). 


Inlet 


< 
Discharge 
Fig. 8 


Fig. 9 


The gear pump (Fig. 8) is generally used with a 
“force-feed” system and sometimes with the 
“circulating splash system.’ 


Gear Pump 
The gear pump is usually driven from the cam 
shaft. The oil is drawn into the spaces between 


the teeth and then forced out to the 
pipe. 

There are two methods of mounting a gear pump: 
One, by having it submerged in the oil as shown in 
Fig. 10, and another, by having it elevated (Fig. 11) 
above the oil level. In the latter case it is necessary 
that oil be drawn up to the pump before it will 


distributing 


circulate, and quite often, if the oil level reaches a 
point where the pump loses its suction-effect, it will 
be necessary to prime it. 


The submerged gear-type of oil pump is self- 
priming. The submerged pump with a large screen 
will lend itself to the circulation of heavier-bodied 
lubricants with greater ease than the system with 
the elevated pump and small screen. 


Plunger or Piston Pump 


The plunger or piston pump (Fig. 9), quite often 
used with circulating-splash oiling systems, consists 
of a plunger (P) which draws the oil into the pump 
at (D) on the suction stroke, through a ball valve 
(B). On the return stroke, the ball valve is closed 
and oil is forced into the oiling system. The rod 
(R) of the piston pump (Fig. 9) is connected by an 
eccentric strap (E) to an eccentric on the cam shaft, 
which moves the piston (P). 


The adjustment of the piston pump (Fig. 9) is 
made by screwing the plunger rod (C) in, which 
shortens the stroke, or out, which lengthens the 
stroke. Thisshortening or lengthening of the stroke 
has the effect of regulating the flow of oil. The 
longer the stroke, the more oil flows, and vice versa. 


Rotary Pump 


Another type of pump, as used on the Dodge car, 
is a rotary pump (similar to that in Fig. 6, page 146), 
which is not submerged. See Index under “Dodge 
oil pressure.” 


EXAMPLE OF A FORCE-FEED ENGINE-LUBRICATION SYSTEM USING A SUBMERGED 
GEAR-TYPE PUMP 


A true force-feed engine-lubrication system as 
used on the King eight-cylinder engine is shown in 


OIL OVERFLOW STRIKES OW LEAVING 
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Fig. 10. There are no troughs and no splash with 
this system. 
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Fig. 10. Force-feed lubrication system. 


(CRB) refers to connecting rod bearings. 


LUBRICATION 


Path of Oil Circulation 


_Oil poured into the filter tube flows down into the 
oil pan, filling it up to a height indicated by the oil- 
level gauge on the right-hand side in the center of 
the engine. Note the float at the bottom of this 
gauge. [From the pan or reservoir the oil is drawn 
up through the oil pump, which is driven by a verti- 
cal shaft from spiral gears on the cam shaft. 


The oil pump is a submerged gear-type surrounded 
by afine screen, so that all oil entering the system is 
thoroughly strained to remove the dirt or lint that 
might stop up the oil ducts and cause damage. The 
illustration shows the principle of the system, and 
by following the arrows the oil can be traced from 
the oil pan. 


The gear pump at the extreme bottom of oil pan 
or reservoir draws the oil through the screen which 
surrounds it and forces it into a distributing pipe 
running the entire length of the crank case. From 
this pipe the oil is forced to each of the three crank- 
shaft main bearings. 


From the main bearings the oil is forced through 
holes in the crank shaft to the connecting-rod bear- 
ings. Since, at every revolution of the crank shaft, 
these holes register with the leads from the dis- 
tributing pipe, an excess of oil is forced to the con- 
necting rods, where it is drawn off in fine drops or 
mist on to the cylinder walls. A part of this spray 
is also utilized for lubricating the cam shaft, valves, 
and tappets. 


Principle of the “spring and ball”? valve which 
regulates the oil pressure. The ball is placed in the 
path of the oil line with a spring tension behind it. 
When the pressure of the oil circulation is reached, 
to which the spring tension is adjusted, the ball is 
forced open and oil overflows past the hole—in this 
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instance, to the chain sprocket. 


1 In other words, it 
is merely a “‘Telief-valve.” 


The ball and spring perform the same function as 
a safety valve on a steam boiler. It can be placed 
anywhere on the system (preferably farthest point 
away from oil pump). There are certain positions 
of the crank shaft when no oil channels register and 
pressure would build up excessively high, were it 
not provided with some means of release. When 
the pressure exceeds that at which the regulating 
screw is set, it forces the ball off its seat and the oil 
passes through the channel to lubricate the chains. 
If this regulating screw were set at too low a pres- 
sure, then all the oil would pass out under the ball 
and the crank pins would go dry. _ If set too high, 
the oil feed would be too great and smoke, carbon, 
and fouled plugs would be the result. 


Adjustment . 


To increase pressure: The pressure-regulating 
screw (Fig. 10) can be screwed down after releasing 
the lock nut, which increases the tension of the 
spring against the ball. Thus more oil pressure is 
required to force the ball against the spring 
tension so that it will open the overflow opening. 


To decrease pressure, the regulating screw is 
turned counter-clockwise,. which lessens the spring 
tension on the ball. 


It is best to make adjustment when the engine is 
running at a speed equivalent to about 25 miles car 
speed. At this speed, the pressure should be 
between 10 and 15 lbs. at maximum car speed, and. 
should not be below 5 to 8 lbs. at minimum car 
speed. Be sure and tighten the lock nut. Always 
adjust oil pressure when the engine is warm. 

Over-lubrication: If the oil pan at any time contains more 
that seven quarts of oil (King 8), the connecting rods will dip 
and thus create a splash which will over-oil the pistons and 


cylinders, more on the right-hand block than on the left, caus- 
ing smoke to issue from the muffler pipe. 


EXAMPLE OF A FORCE-FEED AND SPLASH ENGINE LUBRICATING SYSTEM USING AN 
ELEVATED GEAR-TYPE PUMP 


As an example, the Studebaker Light-six engine 
isused. Lubrication of the engine is of the circulat- 
ing-splash force-feed type (Figs. 11 to 11D). 


Path of Oil Circulation 


Oil is drawn from the oil pan by means of an 
elevated gear pump, driven by accessory shaft. 
From the oil pump, oil passes through a pipe to a 
distributor pipe fastened to the underside of the 
crank case. By means of four drilled holes in the 
crank case registering with the distributor pipe holes, 
oil is conducted to the cam-shaft bearings. Through 
the bearings of the cam shaft are holes through 
which oil passes twice every revolution of the cam 
shaft. When this hole in the cam shaft registers 
with the hole in the crank case, oil is forced through, 
allowing gravity feed to the crank-shaft bearings. 
Besides these holes in the distributor pipe, there is 
another series of small holes drilled in the under 
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Fie. 11. Force-feed and splash lubrication of Studebakey 
“Light six’ engine. 
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side of this pipe to keep the troughs in the dip pan 
filled to a constant level. At each revolution, 
splashers (Fig. 11B), which are a part of the con- 
necting-rod bearing caps, dip into these troughs, 
splashing oil which lubricates the connecting-rod 
bearings, piston, and cylinder walls and piston 
pins. 


From the passage in the case through which oil is 
forced to the front cam-shaft bearing, is an outlet 
through the front of the case into which is serewed 
a plug having four cross-drilled holes near the end. 
Oil is by this means forced to the silent chain and 
sprockets, finally returning to the reservoir through 
a return opening under the front crank-shaft bearing. 
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Fig. 11D 


An oil-pressure gauge is located on the dash (Fig. 
11D), which indicates back pressure on the oil pump. 
This gauge should normally indicate “one” to 
“three” when oil has become warm. If the gauge 
continues to show higher than “three” it is an indica- 
tion of an obstruction in the distributor pipe, and 
it is necessary to remove the oil pan in order to 

clean the pipe. If the gauge does not indicate, the 
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pressure system is inoperative. First make sure 


that there is oil in the reservoir. 


Priming the Oil Pump 


If the gauge fails to operate, after finding that 
the reservoir contains oil, then all joints and gaskets 
should be checked for tightness and the pump 
primed by disconnecting the oil-gauge pipe from the 
distributor base and squirting in oil. 


The oil reservoir is filled through a filler tube at 
front of the engine on the right-hand side. 


Oil-Level Indicator; Bayonet Type 


Inserted in the right-hand side of the crank case 
is an oil-level indicator, “bayonet type” (Fig. 11C). 
In order to determine the quantity of oil in the reser- 
voir, pull the rod out, wipe free from oil, and insert 
into the case again. Pull the rod out a second time, 
and the amount of oil in the base can easily be deter- 
mined by noting the height at which the oil shows on 
the rod. Empty, half and full positions are shown 
by grooves in the rod. When the indicator shows 
that the reservoir is only half full, more oil should 
be added, but do not continue to add after the 
indicator registers full. 


The quantity of oil required to fill the reservoir is 
one and one-half gallons. 


An oil strainer is located at the lower end of the 
oil-suction pipe near the middle of the oil pan, as 
shown in Fig. 11, so that all oil is strained before 
entering the oil-circulating system. Should this 
screen become stopped up with foreign substances, 
it can easily be removed by taking out six cap screws 
which hold it to the bottom of the oil pan. 


After the first 500 miles that a car is driven, and 
every 1,000 miles thereafter, all oil should be drained * 
from the engine and replaced by new. When 
draining oil, remove the screen and clean thor- 
oughly. 


EXAMPLE OF A CIRCULATING-SPLASH ENGINE LUBRICATING SYSTEM USING A PISTON 
OR PLUNGER TYPE OF PUMP 


a an example, the Hudson Super-Six system is 
used. 


Path of Oil Circulation 


The oil is taken from the pressed steel reservoir at 
(A), straining all of it through a filter or metal screen 
of fine mesh (Fig. 12). 
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UPPER GUTTERS ON SIDE OF THE CRANK CASE 


Fig. 12 


The oil is fed directly into the front compartment 
containing the timing gears at (T) and their bearings, 
and flows from this into the first oil trough immedi- 
ately under No. 1 cylinder. The large splasher or 
dipper (Fig. 12A) on the end of the connecting rod 
practically empties the oil trough at every revolu- 
tion, throwing the oil into suitable channels or 


gutters on the side of the reservoir and crank 
case. 


The upper gutters feed the main bearings in a 
continuous stream. The lower gutter feeds the oil 
directly into No, 2 oil trough (Fig. 12). 


The splash from No. 2 oil trough feeds No. 3, and 
So on until No. 6 oil trough is reached, at which time 
the oil flows back into the reservoir. 


The connecting-rod dipper is sufficiently effective 
to permit a very high level being maintained, thus 
insuring lubrication on all grades without excessive 
oil consumption. The two center bearings are fed 
by two troughs each. : 


The front bearing is fed from the timing gears 
and one trough, and the rear bearings are fete two 
large troughs. It is apparent that all oil which 
enters at the front end must circulate through the 
various troughs to the reservoir again. 
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The Oil Pump 


The piston or plunger-type of oil pump (Fig. 12B) 

is operated by a cam with an eccentric movement. 

The cam is driven by a vertical shaft from the 
crank shaft. The pump is elevated. 


_ The cam forces the plunger in and a spring forces 
it out again, thus creating a suction effect which 
draws oil from the lower oil-reservoir or oil pan. 


The plunger (P, Fig. 12B) is also under the control 
of another eccentric (E) which is connected with the 
foot accelerator and throttle control. Thus the 
quantity of oil pumped to the engine varies with the 
demand made upon the engine. 


At slow engine speed the plunger is held in by 
the eccentric. Thus a shorter stroke is the result 
when the cam comes around (Fig. 12 B). 


Atacar speed of 18 to 20 m. p. h. the gauge should 
register 1° to 114° of oil pressure. As the throttle is 
opened for higher engine speeds, the eccentric 
(E, Fig. 12B) is turned away from the plunger, 
thus permitting a longer stroke of the plunger (P), 
and the gauge should register 3° to 4° at about 30 
m.p-h. Thus it will be observed that the pressure 
is governed by the speed of the engine. 


If the gauge does not register the amount in the 
manner described above, the pump mechanism 
‘should be investigated. On indication of a pump 
being inoperative, or if the gauge needle shows no 
movement, make sure that there is plenty of oil in 


the reservoir and that the engine is getting lubrica-_ 


tion by splash, and run irrespective of the pump. 
Then you can drive in carefully and have the system 
examined. 

The oil reservoir on the Hudson contains over 3 


is gallons of oil in the troughs and in the reservoir 
itself. It is fitted with afloat indicator which shows 


the level of the oil by means of a red button working 
in a glass tube. This is on the left-hand side of the 
engine. See Fig. 12A. 


If the gauge does not show pressure at all, make 
sure that the oil pan contains plenty of oil, as shown 
by the oil-level indicator. Should this show ‘‘full,” 
remove the priming plug on top of the pump and 
start the engine. Tf oil flows from this, the pump 
is working and the trouble is with the gauge. 


Priming the pump: In case, you think that the pump is 
clogged, it is a good plan before taking it down to try priming it 
with the same kind of oil that you put in the crank case. To 
prime the pump, remoye the plug, pour in oil until it fills, 
replace the plug, and start the engine. If priming does no 
good, then it will be necessary to clean the pipes in order to find 
the obstruction. It is also advisable to clean the oil strainer 
occasionally. When the pump is taken down it must be 
primed with oil, after replacing. 


Evidence of Poor Adjustment (Hudson) 


1. Excessive and continued smoking at slow speeds. Sooty 
plugs. This indicates that the central eccentric does not 
shorten the stroke of the pump sufficiently. Adjustment 
of control eccentric is necessitated. 


2. Oil-pressure gauge readings other than from 34° to 1° when 
idling or’ 2° to 214° at high speed. Eccentric adjustment 
necessary, or there is possibly a leak in the oil pipe lines. 


3. Engine hot. Dirty oiling system, necessitating cleaning 
and change of oil, with possible readjustment. 


4. A pressure reading at slow speeds—none at high speeds. 
Caused by the control cam permitting the plunger to work at 
slow speeds, but stopping it at high speeds. Adjustment of 
cam necessary. It is usually advisable to remove the oil 
pan, and to clean and refill with new oil in case of any oiling 
troubles before making any adjustments. A draining and 
replenishing of the oil supply is advisable every 1,000 miles; 
or after the first 500 miles with a new car. 


WSS Operating 
J cam 


Fig. 13. Sectional view of oil pump, showing adjustment. 


5. If oil pressure is more than 214°, stop the engine, remove 
the spring, as shown in Fig. 13, and stretch it slightly in order 
that there may be more spring tension on the delivery ball, 
thus reducing the pressure. Replace spring and again test. 


6. Should the gauge read less than 214°, squeeze the spring 
shorter and test; couple up the throttle lever, as shown in 
Fig. 14.; start the engine and let it run with closed throttle; 
turn the adjusting screw (Fig. 14) in a counter-clockwise 
direction until the oil gauge registers 34° to 1°; lock the 
throttle lever in place. 


SPARK LEVER 


recentric % 
COUPLING 


ADJUSTING SCRIW 


Fig. 14. Control mechanism of oil supply. Note position 
of adjusting screw at the left end of the cross-rod. : The stroke 
of the oil pump is decreased by turning this screw In a counter- 
clockwise direction. 
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Fig. 15. The letter (C) of the eccentric cross shaft should 
be just forward of the vertical, when the engine is speeding, in 
most cases of proper adjustment. 


To Check Up Adjustment 


1. Remove the plug (Fig. 13) and insert a match or nail in the 
hole, bringing it into contact with the plunger head.. The 
pump can be felt going through its stroke. (Care must be 
taken in doing this, as the fan runs very close to the plug and 
offers opportunity for injury.) 


. When the engine is idling,»with the throttle closed, the stroke 
of the plunger should be about 14” to 3/16”. 


3. When racing, plunger should have a stroke of about 3/16’. 


bo 


4. With the throttle open, the mark (C) on the control eccentric 
arm at the coupling should be just forward of the vertical 
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(see Fig. 15). (In making any adjustment on the oil pump, 
always start with the control eccentric in the inoperative 
position and follow the steps through as outlined, otherwise 
the cam may be set in the wrong position.) 


To Adjust Oil Pump 


. Loosen the throttle arm on the pump-control eccentric at 

the right side of the engine. 

2. Turn the control eccentric arm with a screwdriver until it is 
entirely free from the plunger. This point can be deter- 
mined when the engine is idling by turning the adjusting 
screw (Fig. 14) until a point is reached where the screw turns 
freely. 

3. It is then in the position shown in Fig. 13, permitting the 

plunger to take a full stroke under all conditions. 


It should be as 


he 


4. Speed the engine up; note oil pressure. 
stated above. 


The Dodge Oil Adjustment (Engine) 


The oil gauge on the dash should show a pressure of 2 to 4 Ibs. 
at 20 m.p.h. If the pressure is too low or too high and investi- 
gation shows that adjustment is required, remove the springs 
in the by-pass located directly in front of the water pump, 
stretching it for more pressure or cutting it off for less pressure. 


To determine whether oil is flowing through the feed pipe 
inside the crank case when the gauge does not work, it is best 
first to remove the oil inspection plug just beyond the lower. 
rear corner of the rear valve cover plate. If oil spurts out with 
the engine running, it shows that trouble is in the gauge. 


OIL GAUGES 


Two types are in general use: (1) “sight-feed”’ ; 
(2) “pressure.” 


The sight-feed gauge is generally used with a 
“splash-circulating” oil system, where oil is only 
forced to the timing gears and to the oil troughs. 
The gauge mounted on the dash has two pipes con- 
nected to it, and the oil can be seen circulating (not 
illustrated). 


Fig. 16A 


Internal view of oil gauge. 


Hig, 16, 
Fig. 16A. External view of oil gauge. 


The pressure gauge differs, in that but one pipe is 
connected to it, and oil is not supposed to reach the 
gauge. 


At low speeds of the pump the oil will probably 
go one-quarter the height of the pipe leading to the 
gauge, and at high speeds about three-quarters. 


The oil as it rises compresses the air in this pipe 
up into the thin metal expanding tube (B) (Fig. 16). 
The greater the speed of oil pump, the greater the 
air pressure in (B), which causes it to tend to 
straighten out, thus operating (R), (P) and (N). 


Pressure gauges are of low pressure when operated 


with a “splash circulating” system (see Figs. 11 and 
12, pages 161, 162), and of high pressure when with 


a “force” system (Fig. 10, page 160), or “full-force” 
(page 159). 


The oil gauge is usually placed in the dash or cowl 
board, and indicates the pressure of the oil being 
circulated. 


The amount of pressure varies with the speed, 
temperature, and viscosity or thickness of the oil. 


When the engine is cold, the pressure will be 
higher until the oil thins down. An excessive pres- 
sure on the gauge may also indicate the clogging of 
the system. If after the engine is warmed up the 
pressure is excessive and the regulation does not vary 
it, then it can be attributed to clogged pipes. 


In other words, maximum pressures will be indi- 
cated at given speeds when the engine is cold and 
the oil is fresh; minimum pressures, when the 
engine is hot and the oil becomes thin. 


_ Practically all engine lubricating oils become less 
viscous from use, even under normal conditions. 
Running the engine too long with the “choker’’ 
control lever pulled back will cause the oil to be 
thinned more rapidly, owing to the condensation of 
gasoline from the rich mixture. 


Too high a pressure will cause abnormal oil con- 
sumption. This should be adjusted according to 
the pressure recommended by the manufacturers. 
Always adjust when the engine is hot. 


__ Ifthe indicator needle on the gauge drops to zero 
it indicates that the oil level is low, or that for some 
reason oilis not circulating. In cold weather it may 
be an indication that the cold test of the oil you are 
using 1s not sufficiently low, and that the oil has 
congealed to a point where the pump cannot draw’ 
it from the oil pan. Do not under any consideration 
continue to run the engine if the hand on the cowl 
board vibrates or returns to zero, or if it remains at 
zero after starting the engine. 


Oil-Gauge Indications 


_if the needle fails to indicate: (1) See if there is — 
oil in the oil pan. The “oil-level indicator” (see. 
Fig. 10, page 160), may be stuck. (2) If there is 
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oil, then disconnect the union leading to the oil 
pump; run the engine. If oil flows, then look for 
air leaks, in piping, or in tube (B), Fig. 16. Jf oil 
does not flow, then look for the clogged strainer, 
pump, or pipes. 


_ifthe needle reads lower than usual: (1) Look for 
air leaks. (2) Loose bearings permit oil to pass 
freely, reducing the pressure. (3) Thin oil or oil 
diluted with gasoline, due to excessive priming may 
be the cause. (4) Pressure adjustment at pump, 
or at “ball and spring” relief valve (see page 160) 
not properly adjusted, or weak, or broken spring, 
may account for the trouble. 


If the needle reads higher than usual: (1) Heavy 
or cold, congealed oil, which produces back-pressure, 
due to slow circulation; (2) obstruction in oil pipes; 
(3) new and tight bearings after overhauling engine, 
will all produce higher pressure, as the oil will not 
circulate as freely as when loose. If the oil gauge 
shows full pressure when running at a slow speed, 
foreign matter has become lodged in the distributor 


pipe. 


Sometimes, when tube (B), Fig. 16, is expanded 
out of normal shape by too high a pressure, the 
needle fails to return to zero. In some instances, 
this tube can be pressed back into shape with the 
fingers. It is usually made of light spring copper. 


Oil-Level Indicators 


_ The oil-level indicators are for the purpose of 
indicating the amount of oil in the oil reservoir. 
There are three types in general use: the ‘‘float’’ 
type as shown in Fig. 10, page 160, the “bayonet” 
type as shown in Fig. 11C, page 161, and the pet 
cocks in the oil pan, as on the Ford and many truck 
engines. 


To Test Oil Pipes or Tubes 


If an air leak is suspected, remove the oil pipe at 
the couplings and test them carefully with air pres- 
sure, submerging them in water to make the test. 


If the pipe is clogged, remove it, and use air 
pressure. 


THE KIND OF ENGINE LUBRICATING OIL TO USE! 


At the present time most lubricating oils are 
straight mineral oils made from different distillates 
of petroleum. 


A good high-grade gas-engine oil is necessary, 
because the heat inside of an internal-combustion 
type of engine will burn the oil, leaving nothing for 
lubrication—hence wear. Therefore nothing but a 
high-grade oil will answer—one which will stand up 
under high temperature of the cylinders without 
thinning down. 


Another point to consider is that if the rings are 
tight and compression is good, then it is possible to 
use a light-weight oil so that it will splash readily. 
A light-weight oil, under heat, can hold its body and 
will lubricate better than a good heavy oil, if of 
proper quality. Where clearance of pistons is 
greater than normal, then a good heavy-bodied oil 
is advisable, if the oil will maintain its viscosity. 


If the piston rings leak, which naturally lowers 
compression, or if the piston clearance is greater 
than normal, then too light an oil will pass into the 
combustion chamber where the fire and flame will 
rapidly turn it to carbon, causing the carbon to 
stick to the valves, combustion chamber, and spark 
plug. The result is loss of oil, fouled spark plugs, 
and carbon deposit. 


Some heavy-bodied oils may appear to hold their 
body or consistency, but under heat it will thin down 
considerably, whereas a light-bodied oil will hold 
its consistency equally as well. Any oil however, 
no matter how thick or heavy, will thin down to a 
certain extent when heated. 


Light-bodied oils will flow freely through small 
passages. Heavy-bodied oils are less fluid and 
require large passages. 


1A chart of automobile recommendations, also a very instruc- 
tive booklet, Correct Lubrication, is issued by the Vacuum Oil 
Co., 61 Broadway, New York City. It will be sent free to 
readers of this book on request. It specifies the correct grade 
of oil for each car and model for the last five years. 


2The maximum temperature in the cylinders, at the top of 
the explosion stroke is approximately 2700° F.; the minimum 
temperature during the suction stroke, about 250° F.; average 
temperature during the four strokes, about 950° F. ‘These are 
temperatures in the cylinders to which the outer side of the 
oil film is exposed. : 

The oil which is in contact with the cylinder walls and pistons 
is kept below the flash point (about 500° F.) by being in con- 
tact with the metal which conducts the heat away. 


The viscosity, or the fluidity or the body of oil 
depends upon many factors: 


The operating temperature of the engine? is the 
first factor. 


The next factor is the type of the lubricating 
system. Where the “splash” system is used, the oil 
is splashed and atomized by action of the connect- 
ing rods, and light and medium-bodied oils are gen- 
erally used. Where “pressure”? systems are used, 
the heavier-bodied oil is favored. 


Other factors governing the grade of oil, are such 
as the kind of oil pump used. If a submerged 
type of oil pump is used, it will probably circulate 
heavier-bodied oils more readily in chilly weather 
than the elevated pump. The oil screen, if of a fine 
mesh, will restrict the use of too heavy a bodied oil. 
If the oil pump and oil pipes are on the oustide of 
the engine}, the oil will readily chill during cold 
weather, and such a condition demands an oil which 
will freely circulate. In fact, free circulation of 
good oil is the correct lubrication. 


The proper oil to use is generally recommended 
by the maker of a car. The object has been to 
secure an oil that leaves no carbon deposit and that 
at the same time gives uniform complete lubrication. 
It must hold its body and form a lasting film on the 
wearing surfaces. If it thins down too much, it will 
ree the bearing without lubrication (see also, page 
169). ; 


Flash and Burning Points of Oil 


A difference in oils is shown by their “flash points” 
and “burning points” explained as follows: 


Oil when heated generates gas, just as gasoline 
does when not heated. 


3 Cooling the lubricating oil. On some racing cars and high- 
speed marine and aeronautical engines of high compression and 
speed, where heat is excessive, due to operating under full power 
for long periods of time, the oil is cooled by leading the oil out 
of the engine base, where the temperature can be lowered, 
before pumping it back into the engine. 

The reason for cooling the oil is the fact that an airplane 
engine usually runs at full power for long periods of time and 
considerable heat is generated. The oil also loses its heavy 
lubricating film that is so very necessary between the bearing 
surfaces, and thins down to a point where the lubricating film 
islost. Hence the advantages of keeping oil at a low tempera- 
ture, 
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The best gasoline engine oils generate little or no 
gas at ordinary temperatures, but at high tempera- 
tures of, say, 500° F. it would generate a suffi- 
cient amount of gas so that it could be ignited 
with a match and would thus produce a flash 
and go out instantly. This is termed the “flash 
point.” 


If the heat is increased to, say, 550° F., and the 
match applied, the generation of gas would be so 
rapid that it would continue to burn until the oil 
was all consumed, unless extinguished. This is 
termed the ‘burning point.” 


A low grade of oil would perhaps flash at 300° F. 
and burn at 350° F., and should not be used because 
it would burn up at the working temperature inside 
of a gasoline engine. The flash and burning points 
are much higher in some oils than in others. 


If oil with a low burning point is used in the 
cylinder of a gasoline engine, the intense heat will 
burn it before it can lubricate the cylinder walls and 
piston. If oil of a sufficiently high burning point is 
used, the temperature of the cylinder will not be 
high enough to burn it, and the cylinder walls and 
piston will be properly lubricated. 


Simple Method of Testing an Oil 


This method is not intended to be regarded as an 
approved method, but will give an idea as to the 
quality of the oil. 


Drain oil which has been used in the engine, into a 
long narrow tube. Let it stand 24 hours. If good 
oil, it will show a small amount of black sediment at 
the bottom; but floating above it, the sediment is 
red in color (by transmitted light). 


Let a poor oil be tested, which is used under the 
same conditions. At the end of a few minutes it 
will turn to a dense black. After standing 24 hours 
it will show a voluminous black sediment several 
times greater than that of good oil. 


Black sediment indicates sulphur compounds in 
the oil. Sulphur is injurious to bearings, owing to 
lack of lubricating qualities; it also pits the valves, 
causing leakage of compression. 


Cold Test of an Engine Lubricating Oil 


Another test is the “cold” test which determines 
the temperature at which the oil congeals. Place 
some of the oil in a long narrow tube and insert a 
low-reading thermometer. Pack the tube in a 
freezing mixture of salt and ice. After the oil has 
frozen, remove the tube and incline it at an angle of 
60°. When the oil starts to run down the tube, 
read the thermometer. This reading is known 
= ane “chilled point.’”’ It should not be above 


Viscosity of Engine Lubricating Oils 


Viscosity refers to the “body” or fluidity of an oil, 
or any other liquid. The viscosity of oils and liquids 
varies when heated. The viscosity of an oil does 
not indicate its lubricating quality, but only deter- 
mines its fluidity. 


To make a viscosity test, a viscosimeter is used. 
One type generally used is known as the Saybolt 
Standard Universal Viscometer. In order to give 
an idea as to the principle involved in the test, a 
simplified illustration is shown in Fig. 17. 
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The test is made by filling the can (A) with oil to 
be tested and heating it to 70° F. A stop-watch is 
then used to determine the number of seconds 
required for the oil to run through the nipple (N). 
The same process is repeated with the oil at a tem- 
perature of 212° F. 


A good gasoline-engine oil at 70° F. would run 
through the nipple (N) in approximately 140 
seconds, and at 212° F., it would require about 
62 seconds. 


A poor grade of oil would probably pass through 
in about the same time as the good oil, or in 140 
seconds when heated to only 70° F., but when 
heated to 212° F., its body would thin down and 
pass through in 50 seconds instead of 62 seconds 
required for good oil. 


A good grade of oil would come nearer maintain- 
ing its viscosity or body when heated to a higher 
temperature, while a lower grade of oil with a heavy 
body at ordinary temperature would become very 
thin and useless as a lubricant at high temperature. 


Castor Oil for Engine Lubrication 


Castor oil is considered an ideal lubricant for airplane engines 
of both the revolving and stationary cylinder type, for the fol- 
lowing reasons as stated by the Baker Castor Oil Co., New York: 
higher viscosity, lower heat conductivity, no carbon, higher 
fire test, higher flash test, lower cold test, and that it will not 
mix with mineral oil. 


The Use of Graphite in the Automobile Engine! 


The Jos. Dixon Crucible Co., Jersey City, N.J., states that 
the use of flake motor graphite mixed with cylinder lubricating 
oil, when properly used, will improve compression, decrease the 
amount of oil required, fill up scores in the cylinder walls, prevent 
valves and rings sticking, and thereby cure smoky exhaust. 


However, assuming that graphite is an ideal lubricant, cer- 
tain requirements are necessary; for instance: 


For the splash-oiling system, the Dixon Co. recommends 
adding a scant teaspoonful of motor graphite to each quart of 
oilin the crank case, and then adding another teaspoonful at the 
end of each one thousand miles. The graphite may be mixed 
with a little oil and poured down the breather. This is a@ very 
small amount of graphite, but it is all that is required. 


For the force-feed system it is not advisable to mix th 
graphite with the oil on account of the possibility of Gloauie 
some of the small passages. a 


A small amount of dry graphite may be placed on the h 
and permitted to be inhaled through the ae intake of the ao 
buretor directly to the cylinders. This should be done about 
once a week when the car is in ordinary service. 


More graphite can be used when it is introduced in th 
pate ee part of it is immediately blown out thvourh ae 
exhaust. 


On account of the location of the ma 
cow tion o gneto on Ford cars 
the possibility of short-circuiting the use of graphite in rs 
oneal ee or transmission case of these cars is not recom- 
mended. : 


1A free booklet, advising just where i i 
, graphite as a lubricant 
can be used on a motor car, and the kind to use, can be obtained 
by writing the Joseph Dixon Crucible Co., Jersey City, N. J. 


LUBRICATION 


Using Oil over again, Adding Fresh Oil, 
Cleaning Crank Case, ete. 


Using cylinder oil over again. The cylinder oil 
which is drained from the crank case of an engine is 
usually about one-half or two-thirds gasoline. 
Therefore it is not advisable to use it again. It may 
be used for the gear set if it is strained through a 
ilter, and is good oil to begin with. It is then 
mixed with grease. The oil should be drained in a 
pan, mixed with grease until the mass assumes the 
consistency of the regular transmission lubricant, 
being neither liquid nor solid. 


Adding Fresh Oil 


It is important to note that fresh oil of another 
make should not be added to the oil pan before 
thoroughly washing out the old oil. Clean, good 
oil put into a dirty engine with gummed-up bearings 
has simply no chance of asserting its superiority 
under the unfavorable circumstances. It has first 
of all to get rid of the gumming round the bearings 
before its lubricating qualities will be manifested. 


The engine should be drained and fresh oil added 
every 500 miles in winter, from the fact that the 
engine is primed more in winter than in summer, 
thus more gasoline mixes with the oil. In the 
summer, every 1,000 miles is sufficient. Oil can be 
drained by removing a drain plug in the bottom of 
the oil pan. 
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Cleaning Oil Pan 


It is best to remove the oil pan and clean thor- 
oughly with gasoline or kerosene, and at the same 
time to clean the oil strainer, making sure that no 
trace of gasoline or kerosene is left in the oil pan, 
otherwise the lubricating oil will be thinned. 


If the oil pan is not removed, then the drain plug 
should be removed and the oil drained off. The 
plug should be replaced and about one quart of 
light fresh oil poured into the oil pan through the 
filler tube. With the ignition switch “off,” so that 
the engine will not start, press in on the starter 
button and allow the starting motor to crank the 
engine for about 30 seconds. 


Also step on the running board and rock the car 
back and forth. This will allow the fresh oil to 
wash the interior of the engine thoroughly. Remove 
the drain plug again, drain off, and refill with the 
proper grade of oil. 


It is very important that kerosene be not used, as 
it will collect in the pockets inside of the crank case 
which are often provided to retain oil for the lubri- 
cation of the timing gears. Kerosene may be held 
in these and if left in engine will thin the fresh oil 
and cause it to lose its lubricating qualities. 


The spark plug should be cleaned and properly 
set after refilling. 


ENGINE LUBRICATION TROUBLES 


Cause—too much oil: Oil pan too full; oil pres- 
sure adjustment too high; piston pumping oil or 
rings leak oil. 


Effect—too much oil: Smoking at exhaust; car- 
bon in cylinders; pre-ignition and knocking; carbon 
on valves necessitating grinding; spark plugs 
become fouled. 


Cause—not enough oil: Oil level in oil pan too 
low; oil pressure improperly adjusted; oil pipes 
clogged; pump not operating. 

Effect—not enough oil: Overheating; seized bear- 
ings or pistons; scored or cut cylinders; knocking. 


Scored Cylinders, Piston, and Burned Bearings 


Burned bearings on a crank shaft or elsewhere 
mean that the bearing surface is cut, caused by fric- 
tion from lack of oil. 


A “scored cylinder” means that there arescratches 
or cuts in the cylinder, caused by lack of oil, which 
permits the compression and also oil to leak through 
the cuts. A “scored piston’’ and rings is due to the 
same cause as well as to other causes. 


If the engine is not getting enough oil, the 
cylinder will become so hot that any oil that may 
have splashed on its outside will be burned—the 
smell being an indication of the condition. F urther 
running without oil will produce a hard metallic 
knock, and the heat will finally cause the piston to 
stick or “seize’’ in the cylinder. 


An engine that is run without oil will be ruined, 
for the piston rings and the walls will be cut and 
scratched lengthwise (termed ‘scored’’), so that 
the compression will not hold. 


Another common cause of a scored piston and 
cylinder wall is the dilution of the lubricating oil 
by gasoline. The heavy-grade fuel is difficult to 
vaporize, especially in cold weather. To get an 
explosion, priming 1s resorted to—and right here is 


where much damage is done to an engine. If igni- 
tion is good, the engine probably will start because a 
little of the fuel has become vaporized at that partic- 
ular engine temperature. But most of the gasoline 
remains unvaporized and washes the oil from the 
cylinder walls. It does not take long for a piston or 
cylinder to score under these conditions. 


Then there enters again the human element. 
Many drivers forget to “unchoke” the engine, and a 
vast amount of unnecessary fuel is drawn into the 
cylinders for a long period. This raw fuel mixes 
with the oil on the cylinder walls and gradually finds 
its way into the crank-case sump, with the result 
that the oil is reduced to the consistency of a thin 
liquid and has no lubricating value whatever. 


It is well to bear in mind, too, that a cylinder 
which “misses” allows fuel to get into the oil in even 
greater volume than when the cylinder fires, because 
none of the fuel is burned. 


Another cause of scores is that the piston pin 
sometimes works loose and cuts the walls of the 
cylinder. 


If the piston sticks or “seizes” and pounds from 
lack of oil, stop—wait until it cools, and then fill 
the crank case to correct level; also fill the radiator 
with water after the engine has cooled sufficiently. 

The engine should then be thoroughly inspected 
before driving, to see if any damage has been done. 
If no obvious damage has been done, a thorough 
examination should be carried on to determine 
whether or not the running without oil has burned 
the bearings or caused other trouble. This can be 
ascertained by starting the engine, and if it pounds 
or knocks, it is a certain indication of bearings 
burned or cylinders scored. See, also, Index under 
“Seized piston.” 

A new bearing, or any other new part that has not 


worn smooth, requires more oil than one that has 
been run. It is always better to give a bearing too 
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much oil than too little, but the exact amount of 
oil required for each part of the car should be learned 
as quickly as possible, in order to prevent waste. 

When an engine is permitted to run excessively hot, partial 
oxidation of the engine oil takes place, which forms a certain 
percentage of water. For instance, if petroleum oils are treated 
with air at 300° F., water and carbon dioxide are readily formed. 
This accounts for the presence of water in the lubricating oil in 
the crank case, in some instances. 


Smoky Exhaust 


If the engine smokes excessively, drain the oil 
pan and measure its contents, as the oil-level gauge 
may be stuck. If the oil pan does not contain more 
than the right amount, the oil is probably pumping 
past the pistons, owing to worn or stuck piston rings 
or to too great a piston clearance. If this is the 
cause, new rings should be fitted at once. 


Smoke Indications and Cause 


If the vapor is black and foul smelling, it is caused 
by too “Tich a mixture” (too much gasoline); this 
can be remedied in the carburetor adjustment. 


If the smoke is white or blue, the engine is sup- 
plied with an excess of oil. 


If the smoke is grey, there is too much fuel as well 
as lubricating oil. 


The reason an engine excessively supplied with 
oil smokes is that there is too much in the crank case; 
the entire lower portion of the connecting rod will 
dip into it and the lubricant will be forced into the 
cylinder to work by the rings on the piston, then into 
the combustion chamber, thence out through the 
exhaust. The same applies to a pressure feed or 
force system where the pressure is too high. 


Depending upon smoke issuing from the exhaust 
pipe of a car as a means of testing whether or not 
the cylinder lubrication is sufficient or over-sufficient 
is by no means always conclusive. The fact that the 
exhaust 1s smoky does not indicate that lubrication is 
complete, or excessive in allcylinders. Ifitissuesina 
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steady and continuous stream, there is probably suffi- 
cient oil in the engine, and probably too much, but if 
it comes in intermittent pufts, it may be inferred that 
one compartment only of the crank case is flooded, 
or, maybe, one cylinder is getting too much oil. If 
there is a black gummy deposit on the spark plug it 
will indicate which cylinder is getting an excess of 
oil. 

Leaky piston rings are quite frequently the cause 
of excessive smoke. See Repair subject, “Leaky 
piston rings.” 

A method formerly used, and still used on some marine and 
stationary engines, for preventing trouble caused by excessive 
oil, was a bafile plate as shown at (BP) in Fig. 18. This isa 
simple plate of sheet metal in which a slot is cut, through which 
the connecting rod works, thus preventing an excess amount of 


oil finding its way into the mount of the cylinder. This 
method has also been used in some automobiles. 


If the spark plugs are constantly oil-soaked, this indicates 
leaky piston rings. The oil passes the rings, hence the trouble. 
It can also be caused by the ‘‘piston pumping”’ oil. An oil- 
soaked spark plug usually has a black gummy deposit on the 
spark plug. 


Oil Drips from Engine 


The average oil drips come from the cap screws 
being loose on the crank case. Other drips come 
from worn bearings out of the side of the crank shaft 
and quite frequently from the plungers or tappets 
above the cam shaft. 


On some cars the fan often picks up the oil oozing 
iro bearings and throws it over the inside of the 
ood. 


RELATION OF PISTON AND RINGS TO SMOKE AND EXCESS OIL 


Piston Pumping Oil 


Quite often the combustion chamber will be con- 
stantly oil-soaked, thereby keeping the plug fouled 
and causing ‘“‘missing.”” The front or rear cylinders 
are prone to this, and it appears that it is due to the 
fact that a necessary amount of oil must be carried 
in the crank case. When the car is going up or 
down hill the rear or front cylinders get an excessive 
amount of oil and the piston assists by pumping it 
past the rings. This is common where there is 
excessive piston clearance, especially in old engines 
and quite often in new ones, where there is excessive 
clearance to begin with and poor fitting rings in 
addition. 


Another common cause—is too high an oil pres- 
sure. It is by no means unusual to see pressures 
of 30 lbs. employed. 


_Very few people are aware of the fact that the 
piston and cylinder walls in a well-designed engine 
aed not be placed in the actual path of the big-end 
splash. 


At ordinary engine speeds, the inside of the crank 
case is in a condition of what can aptly be described 
as “oil fog,” and although all the crank-shaft bear- 
ings are fed directly with liquid oil, the cylinder 
itself should be supplied by ‘fog’ only, which is 
much denser than one might imagine, and quite 
equal to its work in this respect. 


Any actual splash which gets on the walls simply 
leads to waste and carbonization through the oil get- 
ting past the rings into the combustion head and 
being burnt. 


A method of avoiding this, adopted by many, is 
to taper off the top of the piston so that the oil, 
instead of gathering on the head, will gather in the 
space around the outside diameter between the 
pion and the cylinder walls, where it does the most 
good. 


_A third cause of oil waste is to be found in the 
piston rings. If worn slightly oval, they will 
pause ea ee if their position is not rigidly main- 

ained. 


Under racing conditions, where the piston is a very slack fit 
and a minimum of friction is essential, a slight advantage in 
engine speed is obtained by using a surplus of oil, for it is well 
to explain that in describing these various methods of reducing 
oil consumption the ideas aimed at are: (1) economy, and (2) 
prevention of rapid carbonization. It is not intended to con- 
vey the impression that any actual mechanical harm is done 
to the engine by over-oiling. 


_See page 167, relative to the dilution of lubricating 
oil with gasoline by too much priming, which causes 
cylinder walls and piston to become scored, thus 


permitting too much oil to pass to the combustion 
chamber. 
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Vacuum Cause of Piston Pumping Oil 


When you see blue smoke issuing from the 
exhaust, it indicates that too much lubricating oil 
is being consumed. If this occurs regularly at all 
speeds, it is generally due to piston rings. If it 
occurs only when the engine is run at low speeds for 
long periods, or idling at the curb, it is due to either 
cause as follows: 


When the engine is run fast a vacuum is not pro- 
duced in the cylinder, because so much gasoline and 
alr is drawn into cylinder. 


_ When the engine is throttled down, only a little 
air is allowed to enter, therefore more of a vacuum 
is produced, the tendency being for the vacuum to 
suck up oil from the crank case past the piston rings. 


No doubt you have seen many a car start off from 
a standstill after the engine has been running slowly 
for a time, and have watched clouds of smoke com- 
ing from the muffler. Gradually, as the car gets 
under way, the smoke gets less, and finally no smoke 
is evident unless the mixture should be too rich, in 
which case the smoke is black. See Index for mean- 
ing of the word “Vacuum.” 


Prevention of Excessive Oil in Combustion 


Chamber 


Carbonization, sooty spark plugs, and a smoky 
exhaust are due to the fact that the oil works up 
past the piston into the combustion chamber. The 
usual cause is attributable to the piston pumping oil 
or leaky piston rings. This is common where there 
is excessive piston clearance, especially in old engines 
and quite often in new ones, where there is excessive 
clearance and poor fitting rings in addition. 


If the piston rings leak, the oil passes around the 
rings, out through the exhaust, causing considerable 
smoke. Another indication of leaking rings is 
the constantly oil-soaked spark plugs which cause 
missing of ignition. Therefore, if the rings are not 
in the best condition, it would be wise to use heavier 
oil or to fit new rings. 


Another common cause is too high an oil pressure. 


Some of the methods employed to prevent an 
excess of oil in the combustion chamber are sug- 
gested in Fig. 19. For convenience, the drawing has 
been divided into quarters, designated 1, 2, 3, and 4. 


Fig. 19. In 1 at (A) is shown a popular method for overcom- 
ing some of the troubles due to an excess of oil. Note the 
chamfered lower edge of the second ring groove (B); 1/32” 
holes are drilled from the chamfered edge to the inside of the 
piston. This is for the return flow of the excess oil. An extra 
large hole in each side over the piston-pin bearing and running 
into it will improve its lubrication and insure long life. The 
number of small holes around the chamfered edge should be 
determined by the extent of the fouling. 


At 2, is: shown the chamfered lower edge of the second ring 
groove and the small holes drilled through the piston in the 
recessed space about the middle. Here, as at 1, the number of 
holes should be determined by the extent of the fouling. 


At 3 is shown the chamfered lower edge of the bottom or oil 
ring. This very simple method is highly successful, a great 
deal easier to perform, and is the one employed in the repair 
shops of the various Ford branches, and is usually all that is 
necessary. This should be tried before fitting a patent ring or 
drilling a piston. 
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Fig. 20 


Fig. 20. Showing a method of chamfering the lower part of 
thelower ring. To ‘‘chamfer’’ means to bevel the part (asshown 
in Fig. 20) with a file or emery wheel. The illustration gives an 
idea of the amount and angle of the chamfer. This will permit 
cylinders to get oil, but will prevent oil working past the rings 
into the combustion chamber, providing, of course, that the 
cylinder walls are not ‘“‘scored.” The treatment applies only 
to those cylinders in which the spark plugs are constantly oil- 
soaked, usually No. 1 (front), and often No. 4 (rear). 


A repairman who had done considerable Ford repair work 
states that he changes the pistons in Ford engines which pump 
oil and allows about .002/’ to .0025” clearance instead of the 
usual .003’” clearance and this usually remedies the trouble. 


RELATION OF CARBON TO LUBRICATING OIL 


The oil film which protects the friction surfaces 
in the engine is hardly thicker than the page you are 
now reading. It makes no difference how much oil 
you pour into your crank case. The only oil that 
protects your engine is this thin film between the 
moving metal parts. 


And this thin film is not the cool oil you pour into 
your crank case. In use, the oil heats quickly. 
Then the test comes. 


Only oil of the highest quality will retain full 
lubricating efficiency under the heat of service. 
Many oils break down under this heat. Part of 
the oil goes off in vapor, just as hot water gives off 
steam. With an oil film only .003” thick, this vapor- 
ization must be reckoned with. 


To get full protection, you must have a constant, 
full, even oilfilm. You must have an oil which will 
stand the heat of service, and oil which is not diluted 
with gasoline. Hence the reason for changing the 
oil in the crank case often, 


The Cause of Carbon Deposit 


Carbon deposit is due mostly to the use of a poor 
grade of lubricating oil or to too much oil, and quite 
often to an improper mixture of gas or to too much 
gasoline being fed. 
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Fig. 21. Showing points in the cylinder where carbon 


deposits are most likely to gather. 
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Carbon has many lodging places. It fouls spark 
plugs and kills the spark. It pits the valve seats 
and thus weakens compression. By accumulating 
on the piston heads and in the combustion chambers, 
it causes knocking and racks the engine with pre- 
ignition. 


lathe center - 
hole 


carbon. 


The amount of carbon deposited in the engine 
depends upon the carburetion, upon gasoline com- 
bustion, and on the character of the gasoline as 
well as on the quality of the lubricating oil itself 
and the correctness of its body. 


As both gasoline and petroleum lubricating oils 
are chemical combinations of hydrogen and carbon, 
carbon is an essential element of each. 


Only the free (suspended) carbon can be taken 
out. ‘To remove the carbon which is in combination 
‘with other chemical elements, constituting gasoline 
and oil, would result in the destruction of the product 
itself. 


Carbon deposit is also likely to occur through 
incomplete combustion of the gasoline, or through 
the destruction of the excess lubricating oil which 
will work into the combustion chamber if the oil is of 
incorrect body. ‘No-carbon” oils do not exist. 


To reduce carbon to a minimum, the lubricating 
oil must be of high quality and of correct body for 
the piston design and lubricating system of the 
engine. 


Lubricating oil adds materially to the carbon 
deposit in an engine if the following conditions exist: 


1. Poorly fitting piston rings or scored piston 
rings and cylinders. 


2. Carrying too high an oil level; using an oil that 
is not suited to the engine, both as regards body and 
quality, or carrying the pressure in a force-feed 
system at too high a point. 


3. Allowing the oil in the crank case or oiling 
system to deteriorate to the point that it becomes 
so thin that even a well-fitting piston ring will not 
prevent a surplus of oil from passing into the com- 
bustion chamber. 


Relation of Carbon to Combustion 


An important consideration is the incomplete 
combustion of gasoline, for from this source a large 
proportion of carbon deposit comes. When the 
charge of gasoline and air (the proportions of which 
are determined by the carburetor adjustment) is 
taken into the cylinder of a gasoline engine, it con- 
sists of hydrocarbon vapor and air. The oxygen 
in the air combines with the carbon and hydrogen 
of the gasoline and forms an explosive mixture. 
This mixture is fired, and after expansion, the prod- 
ucts of the combustion are expelled from the 
cylinder through the exhaust valve. 
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If the amount of air entering the carburetor is 
not sufficient to insure complete combustion, we 
have what is known as a rich mixture. This is a 
slow-burning mixture, rather than an explosive one, 
and will cause excessive carbon deposit. _ For ex- 
ample, if the wick of an oil-burning lamp is turned 
too high, too much oil will be drawn through the wick 
for the amount of air entering the lamp to form 
complete combustion. Thelamp willsmoke, and soot 
(which is carbon) will be deposited on the chimney. 


This is exactly what happens in the cylinder of a 
gas engine. The products of incomplete combus- 
tion, together with a portion of lubricating oil 
passing by the piston rings, deposit a certain amount 
of carbon in the combustion chamber. That. por- 
tion of this carbon which does not pass out with the 
exhaust is baked on the cylinder heads, pistons, and 
valves by the heat of explosion. This carbon 
deposit will build up very much more quickly if it 
has a bed to build up on, such as would be produced 
by a lubricating oil, which, when exposed to the 
heat of explosion, would leave a gummy deposit. 


Cause of Carbon Deposit 


Carbon deposit is therefore due to: (1) the amount 
and grade of oil; (2) the carburetion mixture. If 
too much gasoline is used it will cause carbon 
deposit, just the same as a poor grade of oil. 


Excessive heat will also cause carbon, as oil vapor- 
izes. Because oil becomes more fluid when it is 
heated, the oil feeds should be adjusted after the 
engine has been running, for if adjustments are 
made for cold oil, the flow will be much more rapid 
when it is warmed, and the bearings will be flooded, 
and the excess oil will pass by the rings, causing 
carbon deposits. 


Bad Effect of Carbon Deposit 


Carbon deposit will cause the valves to leak by 
the carbon gumming under the seat of the valve, 
thereby decreasing the power. 


Carbon deposit cakes on the end of the piston and 
on the walls of the combustion chamber, which, 
when the engine is hot, will cause the small particles 
of carbon to become red hot and cause premature 
ignition (or pre-ignition), which results in pounding. 


Carbon deposit will also cause the spark plugs to 
become fouled, for if the oil that is being used will 
cause carbon in one place, it will accumulate on the 
spark plugs also. In other words, carbon is a bad 
thing for an engine, and ought to be removed, and, 
better still, guarded against. 


Indications of Carbon 


Carbonization of engine—general indications: If 
you should note that the engine, when fully supplied 
with water and oil and with the spark lever in proper 
position, is overheating easily, has weak compression 
and develops a “knock” or “elank”’ when on a hard - 
pull, there is probably a large deposit of carbon in 
the cylinder compression chambers. 
due to the use of poor lubricating oil or to incorrect 
adjustment of the carburetor. 


Methods of Removing and Preventing Carbon 


This subject is fully treated under the “ i 
section” of this book. See also Inded e “Repair 
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OIL GROOVES IN BEARINGS 


The old-fashioned arrangement of two simple 
holes on the upper side leading into the oil-way, 
either straight, starred, or spiral, appears to be as 
good asany. But, be it noted, the oil-ways should 
not be cut to the extreme edge of the bush, or their 
action as reservoirs is apt to be interfered with. 


Oil grooves in bearings. 


Fig. 23. 


Similarly, the beveling of the edges of the bush 
should likewise be discontinued before reaching the 
outside. The arrangements of oil-ways is shown 
in Fig. 23. 

The usual practice is to make the grooves as 
shown in the figure at (A) like a letter X. The 
result of using this style of groove is that the areas 
of the bearing at p, p, run dry. A careful series of 
tests has shown that the type of oil-groove shown at 
(B) and made in the form of the letter H gives results 
far superior to the other. Some very bad cases of 
poor lubrication and heating of bearings have been 
cured entirely by the simple expedient of changing 
the type of oil groove from that shown at (A) to that 
shown at (B). (E. W. Roberts in “The Gas 
Engine.’’) 


Keep oil grooves out of the pressure side of your 
bearing, whenever the pressure is one sided, as in 
the crank-pin bearing. 


fe ets P 
‘Running-in’’ a New Engine 


Fine grooves (not visible to the eye) are left on 
the piston by the cutting point of the lathe tool 
when originally made. Also pear-shaped pits are 
left by the grinding machine on the cylinder walls. 
When the engine is new the projections are in the 
fine-line stage. 


With an ordinary temperature, at say, .003” piston 
clearance, the projections will pass one another. 
When the temperature of the engine is raised, the 
projections will touch from expansion, and if the 
speed is excessive, the temperature is raised which, 
in turn, increases expansion, and friction takes place. 
The projections then imbed themselves in the 
recesses opposite them, which will cause a stuck or 
“seized” piston, with the attendant condition of a 
“Seored” or cut cylinder wall. 


Care is necessary to use plenty of oil and to run at 
normal rates of speed until the projections gradually 
change shape, and are bent over in such a way that 
the high points fill the recesses. 


After the engine has been run 1,000 miles with 
care, the piston and cylinder surfaces become very 
smooth and polished. 


When the engine stands over night, don’t immedi- 
ately race the engine to warm it up, because the 
oil has drained from bearings, cylinder walls, ete. 
Consequently it is going to take a few minutes to 
lubricate these parts properly. Therefore at first 
let it run slowly for a minute or so. 


POINTERS ON GENERAL LUBRICATION OF A CAR 


It is a difficult matter to advise just what lubri- 
cants to use on all cars, as different manufacturers 
advise what to use and their advice ought to be 
followed. However, a few pointers in general are 
given below: 


Lubricated disk clutch: There is much mis- 
information about the caring for and lubrication of 
a, disk clutch. Heavy oil is often put into such a 
mechanism with rather disastrous results. At the 
end of a reasonable distance, say 1,000 miles, the 
old oil in a disk clutch should be removed. ‘There 
is usually a drain plug fitted to the clutch housing, 
and this should be removed to let the oil out, after 
which the clutch should be rinsed with kerosene, 
and again allowed to drain completely. Thus 
cleaned, a supply of a light clutch oil should be put 
in until the level is about even with the bottom of 
the clutch shaft. This allows the plates to pass 
through a bath of oil, and is the desirable condition. 
Some recommend a mixture of a light oil with kero- 
sene, but as the proportion varies, it is best to pur- 
chase a regular light clutch oil. 


Where multiple disk clutches are used which run 
in oil, it is very important that a light-bodied oil be 
used, else the plates will have a tendency to drag 
by sticking together. See Index under “Hudson 
clutch.” ; 

On the subject of dry disk clutches, see descrip- 


tion on page 22 and the Borg & Beck clutch, page 
24; if oil gets into the clutch it will cause slipping. 


The transmission: On some transmissions, where 
dry disk clutches are used, there is an oil hole in the 
main transmission shaft which permits oil to pass 
to the clutch yoke. With this type, oil of a fairly 
heavy body is used, such as steam cylinder oil. 
On other transmissions, a special grease called 
‘transmission compound” is used. 


When grease is used, it should really be a heavy 
oil, or a grease of such consistency that it will flow. 
Thus, when the gears and shafts pass through it, it 
does not adhere to them, and there is not the tend- 
ency to throw it out of contact with the bearing 
surfaces. There are many special forms of gear-set 
and differential semi-fluid greases and. heavy oils on 
the market, and the makers have studied these 
facts, so that the products perform their function of 
being just light enough to prevent sticking to the 
revolving parts. It is obviously wrong, therefore, 
to put any common grease into a gear-set, for it not, 
only acts as described, but has not the ability to get 
into bearings like a fluid material. 


In filling the gear-set, put in the lubricant to a 
depth about half the height of the gearbox, that is, 
have it come about even with the center of the main 
shaft. This will completely submerge the counter- 
shaft in the average gear-set design, and will bring 
the under face of the main shaft gears into the lubri- 
cant. It is important in this connection to see that 
the packing rings are tight and prevent leakage 
where the drive shaft emerges from the gear-case 
and where the shaft from the clutch enters it. If 
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there is leakage here, it not only will act asa collector 
of dirt and dust, but the gears will be robbed of their 
proper lubrication. 


The differential housing should hold the Tubricant 
in the rear axle gears, so that attention is needed 
only as stated above. But sometimes a disagree- 
able-looking rear axle is noticed where the oil or 
grease oozes out through cracks or leaks in the rear 
cover plate or through the axle tubes or brakes on 
to the wheels. This is not so common a fault as it 
used to be, when axles were not designed so well to 
trap the oil and keep it where it belongs. However, 
an occasional careless driver will let his axle get in 
this condition by not having a proper gasket or felt 
packing between the differential housing cover plate 
and the housing itself, or by putting too much oil in 
the rear axle differential housing. 'The brake bands 
become oil soaked and slip when oil passes out at 
the ends of axles. 


The axle: For most rear axles a heavy oil, such 
as steam cylinder oil, is recommended, but in some 
instances a semi-fluid grease or even a heavy grease 
is used. It is next to impossible to give any fixed 
rule for rear-axle lubrication. There are so many 
designs, that where a heavy oil or a grease will work 
satisfactorily in one instance, some other form is 
better in another. Usually, however, heavy oil is 
placed in the rear axle housing. 


Dodge, for instance, uses 600W—steam cylinder oil, two 
parts, and one part of medium grease. 


The rear end bearings of the drive shaft, which 
support the drive pinion, are greased and this 
particular grease cup is often overlooked, owing 
to its inaccessible location. Many a bearing has 
run dry under such conditions, because the oil can- 
not reach it from the rear axle housing. 


Example of Lubricating the Parts of a Car 


As an example, the instructions for the Allen 43,” 
four-cylinder car will be used. 


Systematic lubrication is the most important care 
that a car can receive. Perfect and continuous 
lubrication means less wear of parts, less trouble, 
and a better and smoother running car. Sketches 
are shown of each of the parts to be lubricated, so 
that there should be no difficulty in identifying them. 


Lubricant is of little value when mixed with dirt, 
So before oiling or greasing a part, be sure there is 
absolutely no dirt on or in the parts. 


The crank case should be filled daily if the car is being used 
very much. In this daily filling it is only necessary to add 
enough fresh oil to bring the level up to the upper mark on the 
indicator rod. Make this a daily habit and insure yourself 
against running out of oil unexpectedly. The capacity of 
the engine lubricating system is two gallons. Light engine oil 
1s recommended for winter and medium for spring, summer, 
and fall use. 


The engine oil level gauge, a bayonet type, is located on the 
left-band side of the engine just ahead of the generator. In 
order to obtain accurate readings, it is necessary to take them 
when the engine is not running. The oil should never be below 
the bottom line and never above the top line of the blade. It 
is advisable to keep it near the top line by supplying oil to the 
engine at frequent intervals, rather than to allow oil to go to 
an extreme low level before refilling. In extremely hilly coun- 
tries there will be a tendency of the pump to run out of oil when 
going down grade if the level is below half-way between the 
marks. There is no danger in this as long as the pump picks 
up the oil when on a level stretch or on upgrade. The oil pres- 
sure gauge will show whether or not this happens. 


The crank case should be drained and replenished with oil 
every month, except when the car is new, in which case it should 
be done more often, as directed below. ‘At the end of 300 miles 
@ new engine should have the crank case drained and fresh oil 
should be supplied. This should be done again at the end of 


he first 1,000 miles. Thereafter every 1,000 miles will be 
babe or every month, depending upon the mileage made 
during that period. Every 3,000 miles the oil pan should be 
removed and the entire pan carefully cleaned with kerosene in 
order to remove the metal and carbon sediment that collects. 
It is very important to do this, if long life is expected from 
the engine, because of the dilution of the oil due to the poor 
quality of fuel condensing and precipitating kerosene and the 
ability of this to work past the piston rings and into the lubri- 
cating oil. 


Do not put kerosene in the engine, as it will work its way 
down to the crank case and thin the lubricating oil. 


COUPLING 


ce) 
BREATHER CAP- RUPILLER 


The fan hub is provided with an oil hole that is closed by a 
ball check. By depressing this plug it is possible to introduce 
the oil to the bearings of the fan. _On some models an oil cup 
is provided at the rear of the fan spindle instead (Fig. 1). Use 
medium oil—weekly. 


The electric generator and distributor bearings should 
receive oil monthly. They should not be flooded with oil. 
Five to ten drops of light oil only should be sufficient. (Fig. 2.) 


The electric starting motor should be oiled at the same time 
as the electric generator. The same light oil should be used, 
and not more than five to ten drops should be applied to each 
bearing. 


Remove the two plugs in the top of the steering gear case and 
fill the case with light cup-grease monthly. A grease gun will 
facilitate doing this. On the steering-gear housing there is a 
grease cup which should be turned down as far as possible and 
then refilled at this time. 


REARAXLE FILLER PLUG 


GEAR SHIF LEVER 


"TRANSMISSION | 
OPENING 


OIL LEVEL AN 
PLUG OF 
TRANSMISSION 


REAR UNIVERSAL JOINT ‘ 
REMOVE SCREW PLUG TO FILL 


The transmission case is filled with transmission grease every 
month, or about every 1,000 miles, When the case is filled to 
a point above the counter shaft it then contains three pints of 
oil. A plugin the left side of the gear box (Fig. 3) determines 
this level. Remove the plug while filling the case. The 
oil is introduced through the gear-shift lever socket after 
the lever has been removed. The lever is easily removed by 
unscrewing the retaining cap and lifting lever and cap straight 
up out of the transmission case. 


There are two universal joints between the gear box and the 
rear axle, These should be filled with about a teaspoonful of 
light cup-grease every month. Filler holes (Fig. 4) closed by 
plugs are provided in each universal-joint housing, so that it is 
not necessary to open the boot when filling them. 


_Every 1,000 miles the rear axle should be drained and flushed 
with kerosene, then refilled with fresh oil. Four pints of oil are 
required to fill the differential case of the rear axle. If more oil 
is used, it is liable to work out upon the brakes. The rear axle 
filler opening is on the front side of the rear axle and can be 
reached by removing the rear seat cushion (Fig. 4). 


On the rear of the axle is an oil level hole (Fig. 4A). 
should i ishi 


Drive pinion shaft: Fill the grease cup (Fig. 4) with trans- 
mission grease monthly. This point of lubrication is one that 
is often overlooked, yet it is one of the most important. 


There is an oil cup on top of each steering knuckle and one 
on each end of the front axle tie rod, whichis located just to 


LUBRICATION 


OlL CUPS 


OIL CUPS 


STEERING 
KNUCKLE 


ak) GREASE CUP ON 
ERE ONT WHEEL FRONT OF 
so) EARINGS KNUCKLE YOKE RM 
Fig. 5 Fig. 5A 


the rear of the front axle (Fig. 5). 
medium engine oil every month. 


On the front of each steering knuckle (Fig. 5A) there is also 
a grease cup. Thisshould be turned down each week and filled 
with light cup grease when the oil cups are replenished. 


These should be filled with 


The drag link which connects the steering-gear ball arm and 
the steering arm on the front axle (not shown), is provided with 
ball-and-socket joints at each end. These should be packed 
with light cup grease every month, or about each 1,000 miles. 
Tn order to pack them, properly, they should be taken apart. 
Remove the cotter pin in the ends of the sockets and screw out 
the sockets with a large screw driver. Great care must be 
taken ee reassembling to see that they are tight and recotter- 
pinned. 


_ The front wheel bearings (Fig. 5) should be packed with 
light cup grease once a month, or every 1,000 miles. To do 
this it is only necessary to remove the hub cap, fill with enough 
grease to almost fill it, and then screw it back in place. This 
will force the grease throughout the hub and into both front 
wheel bearings. 


OIL CIPS ON REAR OF REAR SPRINGS 


GREASE CUP AT FRONT END OF REAR SPRING 


Fig. 6 


173 


All of the spring shackle bolts, except two, are lubricated 
with medium engine oil by means of oil cups provided upon 
the outer ends of the bolts. (Fig. 6). 


There are three cups on each front spring and two at the rear 
end of each rear spring. Light cup grease is used on the two 
bolts at the front end of the rear springs. These are on the 
inside of the rear springs and can be reached without getting 
under the car. 


Miscellaneous Lubrication 


The carburetor and magneto control rod bearings and 'con- 
nections, clutch and brake pedal shaft bearings, brake cross 
shaft bearings (reached through holes in the tonneau floor), 


and brake rod clevises, which are not provided with oil or grease 
cups, should be lubricated weekly with an oil can. 


Lubricating Spring Leaves 


Springs will become squeaky if water is allowed to enter 
between the leaves and rust the contact surfaces. 


JACK UP AS SHOWN-THEN 
SPREAD SPRING LEAVES 
APART AND INSERT 


The best way to lubricate the springs (Willys Six, Fig. 7, is 
taken as an example) is to lift the car by placing a jack under 
the spring pad or frame, and not under the axle, and allow 
the weight of the wheels and the axle to pull the spring leaves 
apart. It will then be possible to force graphite grease between 
the spring leaves with a chisel or screw driver. Graphite grease 
is most satisfactory for this service, as the graphite will remain 
between the leaves and continue to act as a lubricant after the 
grease itself has become dry. 


LUBRICATION OF A SIX-CYLINDER ENGINE AND CAR AS AN EXAMPLE 


1. Engine. After draining, close the drain valve and fill to 
the level marked ‘‘full’”’ on the measuring gauge. Inspect 
frequently, and keep the oil level “full.” See Fig. 8. 


2. Transmission. Use steam-cylinder oil for all temperatures 
above freezing. Thin with low cold-test motor oil suffi- 
ciently to make it liquid below freezing temperature. 
Remove filler cap on the left side of the transmission case 
and fill to the level of the opening. 


3. Rear axle. Use steam-cylinder oil for all temperatures 
above freezing. Thin with low cold-test motor oil suffi- 
ciently to make it liquid below freezing temperature. 
Remove plug in the differential housing cover and fill to 
the level of the opening. 


4, Steering gear. Use steam-cylinder oil. 
positive that the housing is full. 

6. Valve rocker arms. Use motor oil. Insert oil can spout 
and fill the bracket with oil until the wick becomes thor- 
oughly saturated. 

7. Rear spring seat. Use motor oil. _ Lift the cap of the oil 
cup and saturate the felt in the oil pocket with oil thor- 
oughly. 

8. King bolts. Use motor oil, Turn the cap on the oil cup 
until the holes line up; fill full of oil, and give the cap a 
half-turn. Oil is fed automatically through a wire wick 
to the bolt. 

9. Tie rod bolts. Use soft cup grease. Give grease cups half 
aturn. Keep filled with grease. There is one cup at each 
end of the tie rod. 


10. Rear spring. Use soft cup grease. Give grease cups on 
spring shackles, spring blocks, and ends of springs half a 
turn. Keep filled with grease. There are four cups to 


each spring. 

11. Steering connecting rod. Use soft cup grease. 
grease cups a turn or two. Keep filled with grease. 
is one cup at each end of the rod. 


12, Brake and clutch pedals. Use soft cup grease. Remove 
floor board and give grease cups one or two turns. Keep 
filled with grease. There is one cup on each pedal hub. 


13. Clutch release fork pin. Use soft cup grease. Remove 
the clutch cover and give grease cup one or two turns. 


Keep filled with grease. 


Insert oil until 


Give 
There 


14. Clutch release bearing retainer. Use soft cup grease. 
Give grease cup (outside of transmission housing) one or 
two turns. Keep filled with grease. 


15. Brake shaft. Use soft cup grease. 
or two turns. Keep filled with grease. 
at each end of the shaft. 


16. Starter sliding gears. Use soft cup grease. 
cup half a turn. Keep filled with grease. 


17. Front spring. Use soft cup grease. Give grease cups half 
aturn. Keep filled with grease. There is one cup at the 
front end and two at the rear end of each spring. 


18. Brake cam shaft. Use soft cup grease. Give grease cup 
one or two turns. _ Keep filled with grease. ‘There are four 
cups, two at the inner ends and two at the outer ends of 
the shafts. 

19. Delco generator. A. Use soft cup grease. Swing the 
cover on the front end of the distributor housing near shaft 
to one side, and inject grease with grease gun, for lubrication 
of distributor gears and generator clutch. 

B. Use motor oil. Turn the oiler in the rear end of 

the generator until the hole is open and inject motor oil 

for lubrication of rear armature bearing. 

C. Use motor oil. Turn the oiler on the distributor cup 

and inject motor oil for lubrication of upper distributor 

shaft bearing. 

D. Remove the front housing cover and insert a few drops 
of oil for lubrication of the forward armature bearing. 


Every 1,000 Miles 


20. Front wheels. Use soft cup grease. Move or jack up car 
and turn wheels until the pipe plugs in the hubs appear on 
top. Remove the plugs, fill the hubs with soft cup grease 
and replace the plugs securely, and at the same time remove 
the hub caps and fill with grease. 

21. Rear wheels. Use soft cup grease. Move or jack up the 
car and turn wheels until the pipe plug in the hubs appears 
on top. Remove plugs, fill hubs with soft cup grease, and 
replace plugs securely. 

22. Pinion-shaft bearing. Use soft cup grease. Remove 
adjusting cover on pinion flange and fill with soft cup grease. 
Use grease gun. 

23, Fan hub. Use motor oil. Remove plug in hub and inject 
a small amount of oil. Be sure and replace plug securely. 


Give grease cups one 
There is one cup 


Give grease 
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Fig. 8. Top view of a modern six cylinder car showing the 
location of the parts to the oil and grease. 
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Overhauling 


Three or four times a year all the oil should be 
drained out of the engine,‘ transmission, and rear 
axle, and these parts should be washed out thor- 
oughly with gasoline or kerosene. It pays to change 
the oil in the motor frequently, or whenever it gets 
thin and watery. Do not use too much oil. 
Enough is just right, and any more will simply run 
out of the bearings and collect dust and dirt on other 
parts of the car. 


At least once a year the car should receive a thor- 
ough overhauling at which time the engine, clutch, 
transmission, universal joint, steering gear, and 
front and rear axle assemblies should be taken apart 
and carefully cleaned and adjusted before being 
reassembled. 


Lubricants 


Motor oil used in the engine, and other places as 
designated, should be a high-grade, medium heavy, 
mineral oil, with a flash point of not less than 375° 
Fahr., and a viscosity of 42 to 60 seconds Saybolt at 
210° Fahr., and not less than 190 seconds at 100° 
Fahr. for use at temperatures below freezing. The 
cold test of this oil should not exceed 5° Fahr. This 
oil should be used exclusively in the motor lubricat- 
ing system, for valve rocker arms, distributor and 
generator bearings, spring seats, king bolts, and 
for all small joints not otherwise provided with 
lubrication, such as spark and throttle rods, brake 
rods, etc. 


Steam cylinder oil used in the rear axle and 
transmission and steering gear, should be a high- 
grade heavy mineral oil with a viscosity of 120 to 
150 seconds at 210° Fahr., and should be mixed 
half-and-half with motor oil of a cold test not 
exceeding 5° Fahr. for use at temperatures below 
freezing point, for the transmission gears, differential 
gears and steering gear. It is better for this pur- 
pose than most of the so-called “gear greases.” 


Soft cup grease should be a homogeneous mix- 
ture consisting of high-grade mineral oil and pure 
lime soap. It should be free from acids and other 
adulterants, and should be of a soft nature and have a 
sufficiently high melting point to prevent free flow- 
ing Im warm weather, and should be used in all 
grease cups, such as those on the tie-rod bolts, starter 
sliding gear, brake shaft, brake cam shafts, steering 
connecting rod, and wheel hubs. 


THE ALEMITE HIGH-PRESSURE LUBRICATING SYSTEM 


This system of lubrication is now the standard 
method adopted by many automobile manufacturers 
for greasing the various parts of the car, and is a 
very handy method where grease cups are located in 
inaccessible places. 


Elbow fittings are substituted for the old-style 
grease cups on all parts to be lubricated. The com- 
pressor is then filled with grease and coupled to the 
elbow with a special coupling which is easily 
attached. With a slight turn of the compressor 
handle fresh grease is forced into the parts to be 
lubricated and the old grease is forced out. The com- 
pressor is capable of exerting a pressure of 500 lbs. 

This system can be applied to old cars, and the 
time saved in labor alone will soon pay for the 
installation. 


The manufacturers are Bassick Mfg. Co., 361 West S i 
St., Chicago, Il. 3 ne 


Ps pee 


Fig. 9 illustrates the Alemite high-compression grease gun 
forcing grease into a grease cup located on the rear axle. 
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ELEMENTARY PRINCIPLES OF ELECTRICITY AND MAGNETISM: Pur- 
pose of Ignition; Ignition Methods; Low-Tension Coil Ignition; 
Principle of a Low-Tension Coil 


ELECTRICITY 


_ Electricity!: No one can tell you what electricity 
is. Electricity is in everything—in your body, in 
your clothes, in this paper, in the chair; and the 
only reason you do not know of its presence is 
because it is not in motion. 


If you put a water-wheel in the middle of a pond, 
the wheel will not revolve. To make the wheel 
revolve, in order to get any work out of it, you must 
place the wheel in such a position that the water may 
flow from a high to a low level and thus produce 
pressure of the water against the wheel. Thus 
when the water is in motion we can obtain work or 
energy from it. 


Just so with electricity: when it is put into 
motion you can obtain work from it. 


Before the water-wheel will move, a current of 
water is necessary. So in electricity, there must be 
a “current,” or a “flowing” of electricity before 
you can get any work out of it, and a circuit must 
be provided for it to flow in. 


Amperes: The current, or rate of flow, of elec- 
tricity is termed “amperes.” Just so is the flow of 
so many gallons of water per second or minute. 
The ampere is the unit of electric current, or the rate 
of flow, as, for example, so many gallons of water 
per second. 


Electro-motive force: Before a current of elec- 
tricity will flow in a circuit, there must be a force or 
pressure to move it. The something which is neces- 
sary to put it into motion is an electro-motive force, 
abrreviated e.m.f., and often referred to as “volt- 
age. 


Electro-motive force can be generated “chemi- 
cally,” by means of a battery, or “mechanically,” 
by means of a generator. 


When water is pumped into a tank, a pressure is 
required to force the water to the tank through the 
pipes. Just so with electricity. When a current 
of electricity from a generator is sent through a 
circuit to charge a battery, a pressure (e.m.f.) 18 
required to force the current of electricity to the 
battery. 


Volt: The unit of emf. is the “volt.” For 
instance, we could say a generator had an e.m.f. of 


tItis said that atoms of which everything is made, are com- 
posed of two different elements called “electrons”: one @ posi~ 
tive, the other negative. They neutralize each other when 
together. Thus if electricity is to be. utilized, it is necessary 
to separate the negative from the positive electrons, and then 
electricity will flow. It is easier to separate these electrons in 
copper than it is in hard rubber, glass, etc, Thus copper 18 
used as a conductor and glass and rubber as insulators. 


There are several methods of setting electricity in motion. 
One method is to pass a copper wire across a magnetic field or a 
magnetic field past a wire. Thus e. m. f. (electro-motive force) 
is generated in the wire, causing electricity to flow. 


Electricity, and a current of electricity, are different. For 
instance, we do not notice the atmosphere we are living in until 
a pressure arises and the wind is caused to move. Then we 
feel it. Thus with electricity, it is in almost everything, but 
we do not notice it until it is set in motion by pressure (e.m.f.). 


8 volts at the brush terminals at 1,000 revolutions, 
and at this speed, e.m.f. would force an output or 
rate-of-flow of current of 15 amperes through a 
circuit. 


To make this clear, take the analogy of water 
flowing through a pipe under pressure. That which 
causes the flow is ‘““oressure,” which corresponds 
with e.m.f.; that which resists the flow of water 
through the pipe is “friction” of water against the 
pipe, due to the size of the pipe and the rate of flow 
of water through the pipe. 


Just so with electricity, there is resistance offered 
to the flow of the electric current through a con- 
ductor forming a circuit. 


Conductors: A conductor is anything that readily 
carries electric current, such as copper wire, carbon 
or gauze generator brushes, the frame of a car, the 
metal part of the car such as the engine, ete. All 
metals are conductors. 


Some conductors offer less resistance to the flow 
of electric current than do others. The less resist- 
ance a conductor offers, the better a conductor it is. 


The best conductor is silver, the next best, copper, 
then aluminum, zinc, brass, platinum, iron, nickel, 
tin, lead, German silver, antimony, mercury, bis- 
muth, carbon, water. Thus it will be seen that iron 
offers more resistance than copper, and carbon and 
water more resistance than iron. Non-conductors 
are slate, marble (if there are no metallic veins), oils, 
porcelain, glass, rubber, dry paper, silk, gutta 
percha, shellac, ebonite, etc. 


Hence the reason for using copper wire. Silver, 
as observed above, is the best conductor, but is too 
expensive. Copper is next best, and not as expen- 
sive, and is universally used. 


Iron wire offers 614 times the resistance to the 
flow of current that the same length and size of 
copper wire does; therefore if either the iron wire 
or copper wire is not of sufficient size to permit the 
free passage of current, the wire will heat. The 
resistance of the lamp filament is such that it heats 
and gets quite hot. The greater the resistance, the 
less total current can pass; hence the pressure or 
voltage will drop.t 


Ohm: The ohm is the unit of electric resistance. 
We speak of a certain size of copper wire of a certain 
length having so many ohms-resistance. 


Electric current flowing in a circuit, is therefore 
dependent upon something besides pressure (e.m.f., 
voltage) and that is the resistance which opposes 
the flow of electric current in a circuit. 


Resistance is that property of an electric conduc- 
tor by which it opposes the flow of an electric cur- 
rent. For instance, carbon, iron wire, German 


1Termed a ‘potential difference’ or ‘‘energy lost.’”’ For 
instance, ‘‘two volts lost on a line” means this much pressure 
is lost in sending the current through the line, 
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silver and water will permit current to flow through, 
but it opposes, or offers resistance to, the flow. 
A rheostat is a device for the purpose of varying 
the resistance of an electrical current, and is usually 
made with coils of iron wire or German silver wire, 
etc. A lamp filament of an electric lamp bulb 
offers resistance; in fact, it offers so much that it 
heats white hot. 


Resistance opposes the flow of electric current 
in any circuit it may travel in. The amount of 
resistance offered depends upon the circuit, size of 
wire, etc. 


As the pressure (e.m.f., voltage) increases, the 
rate of flow of electric current increases proportion- 
ally; as the resistance increases, the rate of flow of 
electric current decreases. 


The greater the resistance which opposes the flow 
of electric current in a circuit, the less current a 
certain pressure will produce. 


The less the resistance of the circuit, the greater 
the current a certain pressure will produce. 


For example, if the pressure, say, is 6 volts and 
remains constant, the rate of flow of current will 
vary if the resistance varies; that is, if the resistance 
of the circuit be doubled by adding more lamps, etc., 
the current in the circuit would decrease one-half. 


If the resistance of the circuit be decreased, say, 
one-fourth, by cutting off lamps, the current will 
increase four times. 


Ohms law: One volt will force a current of elec- 
tricity through one ohm of resistance at the rate of 
one ampere per hour. 


Volts +ohms=amperes 
Volts +amperes = ohms 
Amperes X ohms =volts 


Thus, if any two terms are known, the third can 
easily be found by means of this rule. 


_ For example, suppose the pressure of a generator 
is 6 volts and the resistance of a lamp is 6 ohms. 
What amperage or current is necessary? 


Current (amperes) =pressure (6 volts) +resistance (6 ohms) 
=1 ampere. 


Again, suppose the pressure of a generator is 6 
volts and there is a current of 4 amperes passing in a 
mea What is the resistance in ohms of the cir- 
cult 


Resistance (ohms) =pressure, 6 volts+current, 4 amperes = 
11% ohms. 


Again, suppose the resistance of a lamp is 3 ohms, 
what pressure wouid be required to produce 1 
ampere through the lamp? 


A aascaze (volts) =resistance, 3 ohms X current, 1 ampere=3 
volts. 


Coulomb is the unit of electrical quantity, or such 
a quantity of electricity as would pass in one second 
In a circuit whose resistance is 1 ohm. We are not 
interested in the quantity of electricity alone, but in 
the rate-of-flow, the ampere, and for this reason the 
coulomb is very little used. 


_ The watt is the unit of electric power. 
18 equal to 1 horse power (h.p.). 
=watts. 


746 watts 
Amperes X volts 


Ampere-hour: 1 ampere of current for 1 hour= 
1 ampere-hour. 
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How Electricity Is Transmitted 


Electricity produced in one place may be trans- 
mitted to another place, providing a path or circuit 
is arranged so that it may return to where it started. 
If the circuit is broken, the flow will immediately 
stop and will not start again until the circuit is 
completed. 


A switch is usually placed in all electrical circuits 
to stop the current from flowing when not desired. 


Electricity flows from the positive (+) terminal 
through the circuit back to the negative (—) 
terminal. Therefore in tracing a circuit, always 
start with the source of electric supply at the 
-+ terminal. The copper wire in which the cur- 
rent starts is called the ‘‘lead” (pronounced “‘leed”’), - 
and the return path is called the “return.” 


Insulators: Substances such as rubber, china, 
porcelain, glass, wood, fiber and mica are called non- 
conductors or insulators. 


A wire is insulated to prevent leakage of current 
into any metallic substance it may touch, by wrap- 
ping it with cotton or silk, which is soaked with 
rubber to prevent dampness from getting in. 


When dry, cotton and silk are insulators, but as 
water is a conductor, damp cotton and silk cease to 
be insulators. 


Ground: This word is used to express two mean- 
ings. It has nothing whatever to do with the 
ground. = 


One meaning of a “ground” is a leak. For 
instance, if there is any way by which the current 
may “leak” from the wires conducting the current, 
and return to the starting point without going 
through the entire circuit, this is termed a “bad 
ground” or “short-circuit.” If the leak is only 
slight, and not enough to short-circuit the path, 
then it is termed a “ground,” and part of the cur- 
rent may reach its destination and return, but part 
of it will leak through the “ground,” such as damp 
or oil-soaked insulated wires, or wires too near the 
hot engine, ete. See Index for the meaning of 
“grounds” and “short circuits.” 


Another meaning of “ground” is where a wire is 
intentionally “grounded” or connected to the metal 
part of the car, such as the frame, engine, etc. One 
wire of an ignition coil, contact-breaker, and one ter- 
minal of a generator and storage battery are often 
“grounded” to some metal part of the car. This 
permits using the frame as a return path, and also 
less wire is used. 


Ignition coil terminals often have one of the terminals marked 
“GRND,” meaning that this terminal should be grounded. 


When a battery negative terminal (—) is 
grounded, the generator — terminal must also be 
grounded, and vice-versa, if the positive terminal 
(++) is grounded. "The — terminala are usually 
grounded; however, on some systems, the + ter- 
minals are grounded. 


Electricity will always take the path that offers 
least resistance. Air offers considerable resistance 
to the flow of electricity. This is the reason why 
such a high pressure (voltage) is required to cause 
current to Jump across the gap of a spark plug (see 
Fig. 1, page 188, for a spark plug). 


1The velocity of electricit through ire i i 
be 186,000 miles per second. a Be PPPS aes ear° 
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HYDRAULIC ANALOGY OF CONNECTING CELLS 


In order to explain the meaning of voltage and 
amperage more clearly, and how these vary through 
making different connections, we shall use a hy- 
draulic analogy as follows: 


Suppose an ignition coil was wound with a certain 
number of turns of wire, and that a pressure of 6 
volts was required to force a current of 5 amperes 
of electricity through the wire; and suppose we 
wanted to use dry-cell batteries for this purpose. 


A dry cell usually gives about 114 to 114 volts 
and its rated output or capacity is from 20 to 25 
ampere hours, that is, it will deliver 1 ampere for 
20 or 25-hours, or 20 or 25 amperes for 1 hour.! 


_ If we connected one dry cell to the primary wind- 
ing of the coil, the pressure of the one dry cell would 
not supply sufficient electromotive-force to carry 
the required current through the winding of the 
coil. It would be necessary to-increase the pres- 
sure (voltage). As the pressure (voltage) increases, 
the rate of current (amperage) flow increases. 
Therefore it would be necessary to add more cells. 


_If one cell gives 11% volts pressure, 4 cells would 
give 6 volts. Therefore if we connected 4 cells in 
series, we should obtain 6 volts, but inasmuch as 
the voltage of a dry cell drops quickly to 14% volts 
or less, we should then use 5 cells connected in 
series. 


It is not advisable to use more cells in series than 
are needed, because the excess of pressure (voltage) 
would force the electricity through the circuit at 
too great a rate or amperage, and this would cause 
sparking at the vibrator points of the contact- 
breaker of the coil ignition system and would also 
likely cause such an increase of voltage in the 
secondary winding that it would puncture the insula- 
tion of the secondary winding (if a high tension cou). 


Meaning of ‘‘Series,”’ “Parallel,’? and 
‘““Multiple’? Connections 


This can be explained by referring to our hy- 
draulic analogy, as follows: Suppose we had three 
pails of water, each of them 1 foot high (giving 
1 foot pressure), as shown in Fig. 1, and suppose we 
had three dry cells, each of them giving a pressure 
of 1 volt. By connecting them in different ways 
we obtain different pressures. 


nF 


Fig. 1. Comparing dry cells or storage-battery cells with 
pails of water. 
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1A dry cell, in actual practice, would not deliver current 
steadily for any great period of time, due to the fact that its 
voltage would drop on continued use; but if used intermittently, 
such as for such service as ignition starting, and then being 
switched off, and used off and on for short periods of time, it 
would deliver somewhere near its capacity as mentioned above. 
In other words, it is so constructed that the ampere-hour capa- 
city is greater when producing small current than when produ- 
cing large current. If a dry cell exceeds 25 ampere capacity 
of the usual standard size, it will likely polarize and set up a 
counter-electromotive-force. Thus the terminal voltage would 
drop more quickly than one of normal capacity (20 to 25 


Where several dry cells are connected together, if there are 
weak cells in the circuit, they will absorb the strength from 
the strong ones, as they ‘will then offer resistance to the good 
ones, thus bringing the capacity down to that of the weak ones. 
A storage-battery cell which delivers 2 volts pressure woul 
hold its pressure nearer to a constant value until discharged. 


Series connection: In the illustration (Fig. 2), 
three dry cells are connected in “series,” similar to 
pails of water placed one above the other; the pres- 
sure (voltage) is three times as great as if only one 
pail or cell is used, or 3 volts. The capacity would 
be that of one cell. 


SVOLTS 


Fig. 2. Dry cells connected in ‘“‘series,’ 


similar to pails of 
water placed one above the other. 


When connecting dry cells mentioned above in series, the 
carbon terminal (-+) is connected with the zine (—) terminal 
of the next cell. Thus at the final two terminals, we have one 
(+) and one (—) terminal, and the voltage at these terminals 
would be 3X1 volt, or 3 volts. 


Note. Illustrations of dry cells are represented as giving 
1 volt, and each pail of water as 1 foot pressure, as a matter of 
easy comparison. 


Parallel or multiple connection: The three dry 
cells are connected in “parallel” or “multiple,” 
similar to pails of water connected one with the 
other as shown in Fig. 3. The pressure (voltage), 
is equal to only one pail or one cell. The capacity 
would be that of three cells. 


Fig. 3. Dry cells connected in “parallel” or ‘‘multiple,”? 
similar to pails of water connected one with the other, as shown, 
to increase the capacity. Voltage is reduced to one cell. 


The (+) terminals are connected together and all of the (—) 
terminals are connected together. The circuit is then between 
the (+) and (—) group, and the voltage at the terminals would 
be that of one cell, or 11% volts. 


“Series-parallel” or “series-multiple’” connec- 
tion: Two sets of cells are connected in “parallel.” 
Each set of three cells is connected in “series.” 
This connection is termed “‘series multiple” or 
“serjes-parallel.”’ The pressure is equal to three 
pails or three cells. The capacity would be that 
of two cells. 


Fig. 4. Two sets of dry cells connected in “narallel,”” each 
set connected in ‘‘series,”’ similar to pails of water placed and 
connected as shown, to increase the capacity to two cells and 
the voltage to three cells. 


The two sets of three cells are connected in 
“series”; then the two series sets would be con- 
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nected in “parallel” or “multiple.” Each of these 
two sets would then have a (+) and a (—) terminal. 
The two (+) terminals are connected together, and 
the two (—) terminals are connected together. The 
voltage at the terminals would be 3x114 volts, or 
41% volts. 


When connecting two sets of cells in “parallel” 
it is important that they have the same internal 
resistance and produce the same pressures, in order 
that they divide the total current equally. The 
same thing is true of storage batteries. 
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If one set has a lower voltage than the other set, 
then there will be a current through the lower volt- 
age set from the higher voltage set, in a direction 
opposite to its own pressure. The one of higher 
pressure will send a current through the one of lower 
pressure and also the current through the main circuit. 


Where dry cells are used for ignition, it is advis- 
able to use two sets of 5 or 6 cells connected in 
“series.” One set is used for a while, then the other 
set. If both sets give out, as an emergency, connect 
the two sets in “series-parallel’”’ as shown in Fig. 4. 


METHODS OF GENERATING ELECTRICITY 


Electrical energy or e.m.f. which forces electric 
current to flow in a circuit, can be generated by two 
general methods, as used on the automobile. One 
method is by a chemical action, which is the prin- 
ciple of the battery; the other is the conversion of 
mechanical energy into electrical energy by means 
of electromagnetic induction, which is the principle 
of the generator and magneto. 
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Fig. 5 Fig. 6 
Fig. 5. Dry cell; a primary cell; a chemical generator. 
Fig. 6. Storage battery; secondary cell; a chemical generator. 


Fig. 7 Fig. 8 
Fig. 7. Dynamo; a mechanical generator; direct current. 
Fig. 8. Magneto; a mechanical generator; alternating cur- 
rent. 


Direct current (D.C.), means electric current 
which flows in one continuous direction, 


Alternating current (A.C.), means electric current 
which alternates in its flow. 


Chemical Generators 


Chemical generators are of two kinds, “primary 
cells” and “secondary cells.” Only direct current 
18 produced by a chemical generator. 


Primary cells! (Fig, 5) are usually referred to as 
“dry cells,” and electrical current in a circuit is 
produced from them by converting chemical energy 
into electrical energy by a consumption in it of 
some substance, such as zinc. 


1 Wet cells (not the storage-battery cell) are also referred to 
as primary cells, but are not used for automobile work. 


Secondary cells! (Fig. 6) refer to the cells of a 
storage battery, where a current of electricity must 
first be sent through the cell to cause a chemical 
action, called “charging,” which will put it in such 
a condition that it is capable of producing a current 
on “discharge,” or whereby it will convert chemical 
energy into electrical energy. 


On most cars three cells of 2 volts each, are used 
thus making a six-volt battery. On some ears, 
such as the Dodge and Franklin, six cells of 2 volts 
each, or a 12-volt battery, are used. 


There is a set of positive (++) plates and a set of 
negative (—) plates to each cell, and the cells are 
usually connected in series. The (+) terminal is 
usually a dark-brown color, whereas the (—) ter- 
minal is gray. 


Fig. 9 


A dry cell (primary cell, Fig. 9) consists of a zine 
cup (—) in which a carbon stick (+) is placed as 
shown. The space between the carbon and zine 
is packed with bits of carbon and the necessary 
chemicals. 


_ The dry cell contains no liquid, but merely moisture, hence 
its name—‘‘dry cell,’”’ 


The chemicals used vary, one formula being chloride of zine, 
sal-ammoniac, sulphate of lime, and powdered charcoal. 


When the Circuit is closed from one terminal to the other, a 
chemical action takes place between the carbon (+) plate and 


zine (—) plate, thus generating an electromotive-force which 
causes the current to flow. 


A dry cell has a pressure or voltage of about 1 14 to 1% volts 
and the capacity or volume of current it will produce, called 
amperage, depends upon the size of the cell. The average is 
20 to 30 amperes, 


When in use, a primary cell becomes exhausted, and the 
voltage drops gradually. It will, however, recuperate if dis- 
connected for a period of time. When it has reached a point 
where it does not recuperate to give sufficient current, it must 
be discarded and replaced with a new one, ‘ 


a It should be remembered that dry cells are intended for 
_ intermittent service, as for ignition starting where a magneto 
is used, after starting the engine, but for continuous service the 
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.,_) Secondary cells are also called “storage-battery cells’? or 

accumulators.”” One cell, no matter how large or how small, 
will show a voltage of a little over 2 volts when fully charged 
and will drop to about 1.8 volts when discharged. j 
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dry cell is not a suitable source of current. After the engine 
has started, dry cells for ignition are not very satisfactory, for 
they become exhausted in a short time. The less continuous 
current is used from a dry cell, the longer it will last, and the 
more efficient it will be. 


For continuous-current service, the most efficient 
means of obtaining current is by means of a storage 
battery consisting of a battery of “secondary cells,” 
or, as it is sometimes called, an “accumulator.” 
This chemical type of electric generator, in connec- 
tion with a dynamo, is in more common use for 
ignition than the dry cells. 


Mechanical Generators 


A mechanical generator of electricity on an auto- 
mobile is usually driven by the engine and thus 
produces electromotive-force in the armature coils. 
This causes electric current to flow out of the 
armature through the (+) brush, through the 
external circuit to the (—) generator brush. This 
action depends upon electromagnetic induction, 
which will be explained farther on. 


There are two general types of mechanical genera- 
tors for automobile work: 


1. The alternating-current magneto-generator 
(Figs. 10 and 8) is driven by the engine and is used 
only for ignition purposes, and can be a low-tension 
(voltage) or a high-tension (voltage) generator. It 
generates alternating current; therefore it would not 
charge a storage battery. 
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Fig. 10 


Fig. 10. A magneto. Generates alternating current. 


Fig. 11. A direct-current generator (dynamo). Both magneto 
and generator are driven mechanically by the engine. 


2. The direct-current electric generator or 
dynamo (Figs. 11 and 7) is driven by the engine and 
generates alternating current. In fact, all mechani- 
eal generators generate alternating current in their 
armatures, but this is changed to direct current at 
the commutator. Thus, from the brushes the cur- 
rent is direct. This direct-current generator is 
used to charge the storage battery and to supply 
current for the lights and ignition. When it is run- 
ning at its normal speed its voltage is higher than 
that of the storage battery. At other times, the 
storage battery supplies current for the lights, 
ignition, and also the starting motor. Approxi- 
mately, the generator giyes only from 15 to 20 
amperes at 6 or 12 volts. The starting motor 
requires from 150 to 450 amperes of current, depend- 
ing on how stiff the engine is. Thus only the storage 
battery could supply this great quantity of current. 


PRINCIPLES OF ELECTRICITY AND MAGNETISM 


In order to understand the action of an ignition 
coil, magneto, and generator, it is necessary to 
understand: (1) magnetism; (2) magnetic induc- 
tion; (3) electromagnetism; (4) electromagnetic 
induction. 


Magnetism 


Magnetic circuit: Magnetic lines-of-force are 
invisible waves that pass from one pole of the magnet 
to the other. The lines-of-force pass from the 
north (N) pole to the south pole (S), outside of a 
permanent magnet, and from (8) to (N) inside, thus 
forming a closed magnetic circuit. Magnetism can- 


not be transmitted through wires like electricity. 
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Fig. 1 
Fig. 1. A horseshoe type of permanent magnet. 
Fig. 1A. A bar type of permanent magnet. 


Polarity of a magnet: If a compass (Figs. 1 and 
1A) is placed at the (N) pole end of a magnet the 
(N) end of needle will point away from the (N ) pole, 
or with the direction of the flow of lines-of-force, 
which is always out at (N) and in at (S) pole. This 


is why the (N) pole of a magnet attracts the (S) 
pole of a compass needle, and why the (S) pole of 
a magnet attracts the (N) pole of a compass needle. 
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Fig. 2 


Fig. 2. Unlike poles attract. 
Fig. 2A. Like poles repel. 


This is also the reason why the (N) pole attracts 
the (S) pole of another magnet (Fig. 2), and why 
the (N) pole repels the (N) pole (Fig. 2A). Like 
poles repel, and unlike poles attract, because other 
lines-of-force pass in a circuit (N) to (S), outside, 
and (S) to (N) inside of a magnet. 


A bar magnet is shown in Figs. 1A, 2, and 2A. 
Note that the magnetic circuit is the same as in the 
horseshoe magnet (Fig. 1). The magnetic lines flow 
through the air from (N) to (S) pole outside of 
the magnet and through the magnet from (S) to 
(N). : 


If an iron bar is placed between the poles of a 
magnet, as in Fig. 3, the lines-of-force will flow 
freely through the iron bar, because the air-gap 
between the poles offers 280 times the resistance 
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that iron does. The iron bar tends to gather and 
collect stray lines-of-force and to concentrate the 
lines. Thus we obtain a great many more lines-of- 
force by using the iron bar. 


Soft iron is generally used for the armature core on 
a magneto and also on generators, and for cores of 
ignition coils also, because soft iron will not retain its 
magnetism after the magnetic effect has been 
removed. In generating electric current this is an 
important factor, that is, the iron bar must become 
magnetized and demagnetized quickly, as_ this 
change of action, explained farther on, is desirable. 


Permanent magnet: If hard steel is used, it tends 
to retain its magnetism, just as the magnets in 
Figs. 1, 2, and 3 do. Thus they are called perma- 
nent magnets on this account. Permanent magnets 
are used principally on magnetos. 

When permanent magnets are heated, the iron has a tendency 


to soften; thus, the more it is heated, the more it loses its 
magnetism. 


Magnetic Induction 


Magnetic induction: If a piece of iron or steel is 
placed in a magnetic field of a magnet, it will become 


a magnet. Magnetism is “induced” into the iron 
Fig. 4 
or steel. See Fig. 4 and note how one magnet will 


induce magnetism into another magnet if unlike 
poles are placed together so the lines-of-force will 
How from (N) to (8). 


Fig. 5. Not magnetized, 


Vig. 54. Magnetized, 
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An explanation or theory why hard steel retains 
the magnetism, and why soft iron does not, is that 
steel or iron composed, like all matter, of small 
molecules, is made up of minute magnets. If the 
steel or iron is not magnetized, the molecules have no 
definite arrangement (Fig. 5). If, however, it is 
magnetized (Fig. 5A), the molecules, like small 
magnets, all arrange themselves with the (N) pole 
of each pointing (N), and thus these molecules or 
little magnets all point in the direction from which 
the magnetizing force is being applied, and thus form 
one large magnet. 


When all of the molecules or little magnets have 
been turned around, the iron or steel is then said to 
be completely magnetized or “saturated,’’ and 
cannot be further magnetized. 


Soft iron permits these molecules or little magnets 
to return to their original position, and almost all 
of its magnetism is lost when the magnetic influence 
is removed. This condition is termed ‘de-magnet- 
ized. 


There is, however, always some magnetism left 
in a soft iron core, called “residual magnetism”? 
on generators, where the field poles are wound 
with wire. When the generator first starts, enough 
residual magnetism is in the iron to supply lines-of- 
force for the armature wires to cut and thus build 
up. This is a very important factor when generat- 
ing current in a dynamo with electromagnetic fields. 


Fig. 5B. Keeper. 


_ Steel requires more magnetic force to magnetize 
it, but the molecules retain their position if a 
“keeper” (Fig. 5B) is placed on the end of the poles; 
otherwise the molecules will eventually return to 
normal condition and the permanent magnet will 
gradually lose its magnetism. 


A permanent magnet would be suitable for magneto field 
poles, but not for. an armature. 


Magnetic-field-of-force! is the Space around or 
between the magnet where the magnetic lines-of- 
force pass. 


Electricity is in almost everything, but requires 
force to move it in order to produce energy or work. 


Electromotive force (abbreviated e.m.f.) is the 
force or pressure which moves electricity, and the 
unit of electromotive force is a volt. When current 
is sent through a wire or coil from some source, the 
e.m.f. is supplied from that source. : 


Electromagnetism 


Electromagnetism differs from magnetism in that 
the magnetism exists only when the current is flow- 
ing through the conductor or wire. 


1“Magnetic flux” is a term often used to ex 
number of lines-of-force flowing through a Eo 
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If electric current is sent through a straight wire, 
as in Fig. 6, a magnetic field will be set up around 
the wire. Its strength or intensity will be in 
proportion to the amount of electric current flowing 
through the wire. 


OIRECTION OF MAGNETIC LINES OF 
FORCE B 


DIRECTION OF CURRENT 


MI 


: Magnetic “whirls” around a wire in which direct 
electric current is flowing. 


Fig. 6. 


Electric current always flows from positive (++) to 
negative (—). ‘Therefore, in Fig. 6, the current is 
flowing from (+) of the battery, through wire, to 
(—) of the battery. The magnetic lines-of-force 
will whirl around the wire in a right-hand or clock- 
wise direction with the flow of electric current. 


Fig. 6A. Note that the magnetic whirl above the wire is in 
one direction, and underneath in the opposite direction. 


Direction of magnetic whirls around a wire: If a 
compass is placed above the wire (Fig. 6A), when look- 
ing at the end A, where the current is going in, the 
lines-of-force will whirl clockwise as in Fig. 6B, and 
the (N) end of the compass needle will point with 
the direction of the flow of the lines-of-force. If 
the compass is placed below the wire, the (N) end 
of the compass needle will point in the opposite 
direction, thus proving that there is a magnetic field 
circling around the wire. 


If the compass is placed above the wire, when 
looking at the end (B) (Fig. 6C), where the flow of 
current is coming out instead of going in, the lines- 
of-force will be whirling around the wire in a 
counter-clockwise direction, but the magnetic 
whirls are still clockwise following the direction of 
the flow of the current in a clockwise direction. 


In other words, the lines-of-force are in the same 
direction, but we are looking at it from the other 
end; just as the engine of an automobile revolves 
in a clockwise direction if we look from the front, 
but it revolves in a counter-clockwise direction if we 
look from the rear. 


Fig. 6B Fig. 6C 


Fig. 6B. Note that the magnetic whirls are cloekwise when 


the current is going in the front end of the wire, and counter- 
clockwise when leaving at the rear end (6C) where the current 


ig coming out. 


If electric current is sent through a wire at end 
(B) instead of (A), the magnetic whirls would be 
clockwise, or in a right-hand direction with the flow 
of electric current, but in the opposite direction 
to what they were formerly, because the current has 
been reversed. 


Fig. 7 


Tf an electric current is sent through a wire in 
the form of a coil (Fig. 7), the direction of the 
magnetic whirls of lines-of-force is clockwise with 
the flow of electric current in the wire. Note that 
the whirls are in an opposite direction on either 
side of the wire. However, the whirls are clockwise 
with the direction of the flow of current at all points 
of the circle. Start at (+) and follow the circle 
in a right-hand direction all the way around, and 
the explanation will be made clear.. 


Fig. 7A 


Tf an electric current is sent through several turns 
of wires or coils (Fig. 7A), which would be termed a 
“solenoid” or “helix,” the lines-of-force would join 
together, because when current flows in two wires 
side by side (Fig. 7B), in the same direction, the 
lines-of-force join, because they are circling around 


the wire in the same direction. 


Fig. 7B 


Where there are several coils side by side, as in 
Fig. 7A, note the (+) current is going in the wires 
at (A) and coming out (—) at (B), at the other end 
of the coil. The lines-of-force would then whirl 
clockwise with the flow of electric current, but in 
doing so they would whirl at the top, in one direc- 
tion, and in another direction at the bottom. This 
is due to the current flowing around a circle. How- 
ever, if the magnetic whirl is followed in its path 
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around the circle, it will be observed that the direc- 
tion is right hand or clockwise with the flow of 
current at any point of the circle. 
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Fig. 7C 


Polarity of a helix or solenoid: In Fig. 7C, one 
coil of wire is cut in half to make the explanation 
clearer, because the point we wish to arrive at is 
the advantage of the lines-of-force joining and pass- 
ing around all of the turns of wire of the coil, which 
is to make one end of the coil (N) pole, and the other 
end (S) pole. 
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We observed in Fig. 1A that on a permanent 
magnet, the lines-of-force passed outside of the 
magnet from (N) pole to (8) pole, then from (8) to 
(N) inside. The same effect is taking place in this 
coil of wire or helix (also called a solenoid), because 
when the lines-of-force whirl clockwise with the 
current going in at (A) (Fig. 7A), the lines would 
whirl out of the (N) or left end of the coil, pass over 
and under and around the coil, and go into the 
other end (S) (see Fig. 7X), through the inside of 
the coil, back to end (N) again. Thus we have the 
lines whirling out at (N) pole and in at (S) pole, and we 
have established a (N) and (S) pole polarity of the 
coil, which is clearly shown in Figs. 7A and 7X. 


If the electric current was sent into the end at 
(B) of the coil (Fig. 7A) instead of at (A), the whirl 
would be in an opposite direction. Thus the end 
B) would be (N) pole, and the end (A) would be (S) 
pole. 


The next question is, What is the advantage of 
having these lines-of-force passing around a coil of 
wire in this manner? The answer is, To form an 
electro-magnet. 


Electro-magnets: If we place a soft-iron wire 
core (Fig. 7Z) inside of a coil or helix which is carry- 
ing current, the iron core will offer a great deal less 
resistance to the passage of the lines-of-force through 
the center of the coil than does the air. This is due 
to the fact that the iron will collect a lot of stray 
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lines-of-force and produce a great many more, and 
thus strengthen the magnetic field (lines-of-force 
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Fig. 7Z. How the magnetic whirls around the wires join 
forces to produce an electro-magnet. 


around the coils of wire), as it is this magnetic field 
which, when the circuit is opened, collapses and 
passes back into the core and, in doing so, cuts the 
coils of wires and produces a greatly increased 
electromotive force. In other words, the magnetic 
lines-of-force produced from the current flowing 
through the turns of wires are going to be utilized to 
transform the primary low-voltage current passing 
through the turns of wires (primary winding) into a 
high-voltage current for ignition purposes, as will be 
more fully explained farther on. 


The strength of an electro-magnet is dependent 
upon the number of ampere turns! of wire on the 
coil. The number of amperes flowing through 
the turns, multiplied by the number of turns, will 
determine the magnetic strength of the core. 


For instance, if one ampere is carried around the 
core for 100 turns (100 ampere turns), it will equal 
in effect ten amperes flowing through ten turns. 
The effect of the turns decreases as the distance 
from the core increases. A rule is to wind wire 1 
inch deep on a core of about 1 inch in diameter. 


Polarity of electro-magnets: In Fig. 8, the (+) 
current is going in at the right-hand end of the coil, 
and lines-of-force around the wire would whirl into 
(S) end of the core and then pass through the core 
and come out at the other end of the core (N ), thence 
around the core and coil outside to (S) end again. 


The end into which the lines whirl would be (S) 


pole end, and the end they whirl oué would be (N) 
pole end. 


In Fig. 8A, the (+) current is going into the coil 
at the opposite end from that of Fig. 8. Therefore 
the magnetic lines-of-force would whirl in at end (8) 
and owf at end (N). Thus the polarity would be 
reversed from what it was in Fig. 8, owing to the 
electric current flowing in the wire in an opposite 
direction. : 


In Fig. 8B, the electric current enters the wire 
coil at the same end as in Fig. 8, but the wire is 
wound under instead of over. Thus if we follow 
the magnetic whirl in a right-hand direction where 
it enters wire (+), we note that the whirl is out of 


1“Ampere turn” is one turn of a winding through which a 
current of 1 ampere flows, 
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Figs. 8, 3A, 8B, 8C, and 8D. Explaining how the direction 
of the current through the wire and the direction of the wire 
wound on the iron core produces different polarities of an 
electro-magnet. 


core instead of into core; thus it is (N) pole at 
the right-hand end and (8) pole at the left-hand end. 


In Fig. 8C, the electric current enters the wire coil 
at the same end as in Fig. 8A, but the wire is wound 
over instead of under; thus the magnetic lines-of- 
force around the wire at the left end whirl out of 
core and the left end is (N) and the right end (8). 


A good way to! remember the direction of the whirl of the 
lines-of-force around a wire, when the current is flowing in the 
wire, is to think of a rod with right-hand threads on it (Fig. 8D). 
If, for example, the current enters in the end of rod where 
nut (C) would be screwed on, the nut would turn in a right- 
hand or clockwise direction with the flow of current. If, how- 
ever, you were looking at the end where the nut is screwed off, 
and where the current came out, the nut (D) would still be turn- 
ing clockwise with the flow of current, but the nut would be 
_ turning counter-clockwise when looking at that end. 
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The difference between a permanent magnet and 
an electro-magnet is shown in Fig. 9. Note in 
this instance that the electro-magnet is being used 
to induce magnetism into a permanent steel magnet. 
Note that the flow of magnetic lines-of-force is 
out (N) pole into (5) pole. The permanent magnet 
of hard steel will retain its induced magnetism, 
whereas the soft-iron core of the electro-magnet 
will lose its magnetism when the electric current 
flow is open. This is an important point to remem- 
ber in connection with the principle of the action 
of a coil. 


The principle of the ignition coil, magneto, and 
generator is based on electromagnetism and electro- 
magnetic induction. 


How are we going to apply this information to 
the production of a high electromotive force in an 
ignition coil, and to the generating of electric current 
in a magneto, and the generating of electric cur- 
rent in a dynamo or generator? 


The reverse-current cut-out, the electromagnetic 
vibrator type of generator regulator, in fact very 
nearly all parts of the electric system on a car, 


have their fundamental principle based on magnet- 
rcs in some form, especially electromagnetic induc- 
lon. 


Electromagnetic Induction 


Electromagnetic induction refers to an electro- 
motive force, or electrical pressure, set up by 
induction at the terminals of a conductor, such as a 
wire, which is moved in such a way as to cut across 
the magnetic lines-of-force, or magnetic field, at 
right angles. 


Fig. 10 


Tf the wire is a closed loop the electromotive force 
(voltage pressure) produced in the wire loop will 
cause a current of electricity to flow in the circuit. 
Thus we can produce electric current in a wire by 
sorely moving it across a magnetic field, as in Fig. 


How and why the electricity is in the wire we do 
not know, but if electromotive force is applied to 
the electricity in the wire, and the wire forms a 
circuit, the electricity will be made to move. 


Copper wire offers less resistance to the flow of 
electric current, therefore it is used most. Electric 
currents thus produced are termed induction cur- 
rents, and the principle or method is termed electro- 
magnetic induction. 


The question then is, How can the e.mf. be 
obtained, in order to cause the electricity to move? 


The e.m.f. induced in a wire by a magnet is one 
method of producing electric current in a wire. 


For example, if a wire is quickly moved down, so 
that it will cut the magnetic lines-of-force which 
flow from the (N) to (S) pole of magnets, a momen- 
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Fig. 10A 


1 We might also say that whenever a loop of wire forming a 
closed circuit is placed in a magnetic field, an e.m.f. will be 
generated in the wire, causing electric current to flow whenever 
the strength of the magnetic field changes. 
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tary current will flow in the wire (as in Fig. 10A) 
which is in a direction owt of the wire or toward 
the surface of the paper. This is because the lines- 
of-force, when forced down, will act like rubber 
bands, 1e., first stretch, then loosen from the (S) 
pole (the weakest point), and tend to wrap around 
the wire and whirl counter-clockwise. 


These magnetic whirls of lines-of-force around the 
wire, which are taken from the magnetic field of 
the magnets flowing from (N) to (S) induce an e.m.f. 
in the wire which causes electric current to flow 
which was already in the wire but not in motion. 


This momentarily induced e.m.f. is greatest when 
the wire is moved so that it will cut the magnetic 
lines-of-force at right angles, or across the magnetic 
field, the position the wire is cutting, as shown in 
the illustrations. 


An e.m.f. would also be induced in the wire when 
moved, even though it did not form a closed cir- 
cuit, and the e.m.f. would be at the terminals the 
same as on the terminals of a battery on open circuit. 
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Fig. 10B 


When the wire is quickly moved up, as in Fig. 10B, 
the magnetic lines-of-force will tend to circle around 
the wire in an opposite direction to that when mov- 
ing down. Therefore another momentary current 
will flow into the wire. Thus if the wire is moved 
up and down rapidly, the flow of current in the wire 
would be first in one direction, then in another direc- 
tion, or alternating in its flow. 


Principle of Low-Tension Coil 


The e.m.f.! induced in a wire of an electro-magnet 
is another method of causing electric current. to 
flow in a wire. Instead of moving a wire so as to 
cut the lines-of-force, the lines-of-force, or magnetic 
field, moves and cuts the wires. 


For instance, take an electro-magnet (Fig. 11), 
which would represent a primary coil, also called a 
“self-induction coil,” or “low-tension coil,” which 
is used to produce a spark or flash inside of an 
engine cylinder or in the combustion chamber, when 
the circuit is suddenly opened. This primary or 
low-tension coil consists of a core made of a bundle 
of soft iron wires, around which is wrapped about 
200 turns and several layers of No. 19 to 24 B. «&S. 
gauge copper insulated wire. When the circuit is 
closed, the lines-of-force start to build up, and in 
doing so they spring from the center of the wire 
and cut the wire up. 


1Tf it is difficult to understand the meaning of e.m.f., just 
consider it as voltage or pressure, or the electric force which 
moves electric current or causes electricity to move in a wire. 
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by the circuit being opened, thus causing the magnetic lines-of- 
force to collapse into the core. This generates a self-induced 
e.m.f. in wires caused by the collapsing lines-of-force cutting 
the turns of wires. Such a coil is termed a ‘‘low-tension coil,” 
or ‘‘self-induction coil,’ or ‘‘primary coil.” 


An electro-magnet being used to produce a spark, 


The principle or action is the same as that shown 
in Fig. 10A, where the wire was moved down to cut 
the lines. Therefore this electromagnetic induction 
or self-induction would tend to cause the lines-of- 
force to whirl around the wire in a counter-clockwise 
rotation, causing the generated e.mf. to buck or 
oppose the battery e.m-f., called ‘“counter-electro- 
motive force.’ In other words, we have two 
electromotive forces to deal with in the same wire: 
the induced e.m.f. produced by the magnetic whirls 
caused by current from the battery passing through 
the wire, and a generated e.m.f., caused by these 
same magnetic whirls, cutting the coils of wires as 
they build up around the coil. 


The generated self-induced e.m.f. or counter- 
e.m.f., however, is only momentary, as the steady 
e.m.f. from the battery will force its current through, 
and in a brief interval of time the lines-of-force 
around the wires wiil have been established at their 
normal value. 


The point to remember in connection with the 
above is that when the circuit is closed, the e.m.f. 
or voltage would not be as great as when the circuit 
is opened, principally due to the fact that the action 
of magnetizing the core when the circuit is closed is 
slower (due to this counter-electromotive force just 
mentioned) than the action of demagnetizing the 
core when the circuit is opened. 


The question then is, What effect does the 
magnetizing and demagnetizing of the core have on 
producing a higher voltage (e.m.f.) in the wires 
which will cause a spark or flash at the wires when 
suddenly separated? This is answered as follows: 


ah amount of voltage (e.m.f.) and of current 
induced in a coil depends upon three factors: 


_ 1. The strength of the magnetic field (number of 
lines-of-force per unit area). 


2. The speed or rate at which the lines-of-force 
cut through the windings or coil. 


By, The number of turns of the wires that are on 
the coil into which the e.mf. is to be induced. 


When the circuit was closed, the lines-of-force 
were established around the turns of wires, which 
pass outside, from (N) to (8) of the core and inside 
(S) to (N), thus forming a magnetic circuit around 
the turns of wires (see Fig. 11). 
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We can greatly increase the rate of speed with 
which the Iines-of-force will cut the turns of wires if 
the battery circuit is opened, so that the iron core 
will become demagnetized and thus permit the lines- 
of-force to die down or collapse more quickly into 
the iron core. 


Thus, when the lines-of-force collapse, they cut 
the turns of wires at a much more rapid rate than 
when they were built up; this “self-induced” action 
causes a greatly increased e.m.f. to be generated in 
the turns of wires, and is the basic principle of all 
ignition coils. 


The third factor mentioned above, relative to the 
turns of wires on the coil, also assists in increasing 
the e.m.f. 


_ For instance, when a conductor is cut by the 
lines-of-force at the rate of 100,000,000 per second, 
a pressure of 1 volt is set up at the terminals. 


Tf a single straight wire is cut by a certain number 
of lines-of-force per second, causing a certain pres- 
sure, say 1 volt, and if three wires joined in series 
are cut by the same number of lines-of-force as the 
single wire, three times the pressure or 3 volts would 
be the result. Therefore where there are many 
turns of wire in a coil and several layers of wire, the 
induced pressure will be greatly increased, as very 
nearly all of the lines-of-force produced by each 
turn of the coil will cut all of the other turns, and 
the total number of lines-of-force are therefore 
greatly increased. 


From this we learn that when the circuit is opened 
on a primary coil, we have increased the number of 
lines-of-force and also the rate of speed at which 
the lines-of-force cut the turns of wires as they 
collapse, greatly increasing the “‘self-induced” pres- 
sure in the wires. 


Furthermore, the “self-induced” generated e.m.f. 
in the turns of wires, when the circuit is opened, is 
in the same direction as the original battery current 
was. This current from the battery through the 
primary winding, when opened, did not instantly 
stop flowing, and with the high ‘“‘self-induced” e.m.f. 

_ flowing in the same direction, the result was a very 
bright flashy spark at the points of the break, as in 
Fig. 11. This is what is often seen when a flash 
follows from the switch-blades when a switch con- 
nected with a motor or generator is opened.! 

This principle might be compared to holding your hand over 
a water nozzle when water is flowing. At the instant of release, 


the pressure is greater, due to momentum, although the original 
pressure which set the water in motion was several times less, 


The “self-induced” e.m.f. or voltage (pressure) in 
a low-tension coil in series with the battery voltage 
may reach from 150 to 250 volts, owing to the num- 
ber of turns of wires, length of wire, and strength of 
current in the wires to build up the original lines-of- 
force. 


Low-Tension Coil Ignition ““Make-and-Break”’ 
System 


The low-tension coil, described in the preceding 
pages and illustrated in Fig. 11, was formerly used 
with early ignition systems, such as the “‘make-and- 
break” igniter shown in Fig. 12. The principle is 
clearly shown. 


1 This is why a condenser is used in connection with a high- 
tension coil, as will be explained farther on. _ While the flashy 
spark is desirable on a low-tension ignition coil, as in Fig. 11, or 
as used with a ‘‘make-and-break”’ low-tension ignition system, 
it is very undesirable at contact points in connection with a 
high-tension system. 
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Fig. 12 .A “‘make-and-break”’ ignition system using a battery 
(chemical generator) as a source of electric supply. The cur- 
rent is intensified, or the voltage raised, so as to produce a 
spark at the break of the igniter points. 


Although the low-tension coil ignition system is 
not now used for ignition on automobile engines, it 
is very important that the principle be studied 
carefully, as the low-tension or primary coil is used 
on the cores of high-tension coils and magneto 
armatures, but with another winding over the pri- 
mary, called the secondary winding. Therefore 
the primary winding is the foundation of high-ten- 
sion coil and magneto ignition. 
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Fig. 13. A clearer view of the make-and-break igniter. 


The make-and-break igniter (Figs. 12 and 13) 
consists of a stationary and a movable electrode 
insulated from each other and connected with a 
low-tension coil. 


The ‘movable electrode’? is operated by a cam 
arrangement, exactly as the exhaust valve of the 
engine is operated. As the spark is needed only 
once during two revolutions of the crank shaft, 
the cam is attached to the half-time shaft, and 
operates the electrode by a rod called a tappet rod, 
in a manner similar to that in which the valves are 
operated on a side-valve engine. 


The “stationary electrode” is insulated from tho 
cylinder with mica, and one wire of the circuit is 
connected to it. The “movable electrode” is 
operated by a cam, which is in contact with the 
current from the grounded wire of the battery and 
which allows the current to pass from it to the metal 
of the cylinder. 

When the two points are in contact, the current 


flows from the positive pole of the battery by a wire 
to the low-tension coil, through a switch (B), to 
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the stationary electrode, then to the movable, 
because the two are in contact, and back to the 
battery by the ground. 


When the two electrodes are separated by the 
cam acting on the movable one, the circuit is broken, 
and a spark is formed between them. 


Fig. 12 shows the make-and-break ignition system 
connected with a low-tension coil and battery 
through the (B) side of the switch and with a low- 
tension magneto when the switch-blade is on the 
(M) side of the switch. 


When the battery and low-tension coil are used, 
the magneto is cut out entirely in this example. 


Purpose of Ignition 


There are three things required before a gasoline 
engine will run. These are absolutely essential. 


First, it is necessary to have a mixture of gasoline 
and air in the engine-cylinders. 


Second, this mixture must be compressed. 


Third, there must be-a spark to set fire to the 
compressed mixture at the correct time. 


In order thoroughly to understand the principles 
upon which the various ignition systems are built 
up, and how these systems are operated and main- 
tained, it is well to start at the begining. 


The original and first method for igniting the gas 
in a gasoline engine was by means of a “‘hot tube” 
or flame, but this method being now obsolete, we 
shall deal only with the electric ignition. 


The ignition systems used on automobile engines 
at the present time are all electrical systems giving 
an electric spark which passes in the cylinder of the 
engine and sets fire to the compressed mixture. As 
you will be dealing with electricity and electrical 
apparatus in these systems, the first thing to 
know is how electricity acts and how you can make 
it do work for you, all of which has now been ex- 
plained and should be studied carefully. 


Ignition Systems 


There are two general systems of ignition used for 
automobile engines: the “low-tension system” and 
the “high-tension system’’; the source of electric 
supply being either by “chemical” means, as dry 
cells, or a storage battery; or “mechanical” means, 
as a magneto or dynamo (also called a generator). 
(The magneto is explained farther on.) 


_The word “tension” means pressure or voltage; 
high tension being high voltage, and low tension low 
voltage. 


The low-tension system of ignition is not now 
used on automobiles. The low-tension system was 
formerly used, to a great extent on boat engines, 
and is still used to a great extent on stationary 
engines. 


The low-tension system uses a low-tension single- 
wound primary coil as in Fig. 11, page 184, and its 
source of electric supply can be a dry or storage 
battery, or dynamo. Low-tension magnetos are 
also used, but the coil is wound on the armature 
(treated under “Low-Tension Magnetos.’’) 


The high-tension system of ignition is the ap- 
proved system now in use on very nearly all makes 
of cars. The high-tension system may be either by 
a high-tension coil and a battery; a high-tension 
coil and low-tension magneto; a high-tension coil 
and dynamo in connection with a battery, or by a 
high-tension “‘magneto” alone. 
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Thus we have four principles underlying the pro- 
duction of a spark in a gasoline engine, as follows: 


1. Low-tension coil. 

2. Low-tension magneto. 

3. High-tension coil. - 
4. High-tension magneto. 


These four fundamental principles are used either 
singly or in combination. Thus when the reader 
masters these four principles he will understand all 
ignition systems, although the construction may 
vary in different makes. 


In this instruction and in Instruction No. 18, we 
deal only with coil ignition, both low-tension and 
high-tension. Low-tension and high-tension mag- 
netos will be treated farther on. 


When a low-tension magneto is used with a make- 
and-break igniter (Fig. 12), the engine is usually 
started with the battery and low-tension coil, by 
turning a switch-blade on the (B) side of the switch. 


After the engine is started, the switch-blade is 
turned to the (M) side and the low-tension (single- 
wound armature) magneto supplies the current, 
which, by the way, is alternating current. The 
low-tension coil is not used with the magneto, as 
the armature of the magneto, which has a single 
Demy winding, serves in place of the low-tension 
coil. 
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Fig. 14. 
on when the switch is on the (B) side; after the engine is 
started the switch is placed on the (D) side and‘a direct-current 
dynamo supplies the electric current and the dry cells are cut 


Make-and-break ignition, using dry cells to start 


out of service. The low-tension coil is used with either the. dry 
cells or the dynamo. 


Fig. 15. Make-and-break ignition using two sets of dry 
cells. Set No. 1 is used when the switch-blade is on 1, and 
No. 2 set is used when the switch-blade is on side 2. _Low-ten- 
sion coil is used. 


Fig. 16. Make-and-break ignition on a stationary engine. 
This principle is similar to that shown in Vig. 14. 


Bigs 17. Make-and-break ignition on a four-cylinder engine. 
The principle is similar to that shown in Fig. 16. Note that 
the igniters are operated by tappet rods on the side by cams on 
a cam shaft, similar to a cam shaft operating the valves. The 
shaft with the cams on are driven by the gears, as in Fig. 12. 


Low-Tension Coil Ignition ‘‘Wipe Spark’? 
System 


_ The wipe spark igniter, Fig. 18, is another form of 
ignition used considerably on large slow-speed sta- 
tionary gasoline engines. 


LOW-TENSION COIL IGNITION 


if 
, 


SULATED 


Fig. 18. Wipe-spark igniter. Eccentric ‘‘C” can be shifted 
forward to advance and backward to retard. 


Wipe spark ignition is similar to the “Make and 
Break” in every respect, except that it makes a 
wiping and rotary motion as the electrode (A) of the 
igniter revolves; being operated by an eccentric rod 
(E) from the cam gear. 


The other electrode (B) is stationary and looks 
very much like a spark plug. This type of ignition 
is never used on the automobile; but is here shown 
so that the reader can master the elementary princi- 
ples of the different ignition systems. This system 
is used mostly on stationary engines. 


Remarks On Low-Tension Ignition 


The true low-tension ignition system would con- 
sist of a make-and-break igniter, as shown in Fig. 
13, page 185, or a wipe-spark igniter arrangement, 
shown in Fig. 18. 


The make-and-break igniter was at one time used 
on automobile engines, and is now used on many 
stationary and marine engines. It is practically 
obsolete for automobile use. 


The wipe-spark igniter was never used on auto- 
mobile engines, but was and is now used on many 
stationary engines. 


The low-tension coil is used with both igniters 
when a direct-current source is used, as a battery or 
a dynamo, as in Figs. 12 to 17. 


_ Where the low-tension magneto, which delivers 
an “alternating” current, is used, the low-tension 
coil ig not used, because the primary winding on 
the armature of the low-tension magneto serves In 
place of the low-tension coil, and the magneto cur- 
rent is alternating in flow, that is, first in one direc- 
tion, then in another, as explained on pages 250, 
253, and 254. 


In Fig. 12, a low-tension system of ignition is 
shown, whereby a storage battery is used. for a 
source of direct electric current for starting, by 
the switch lever being placed on the “B” side of 
the switch. After the engine is started, the switch 
lever is placed on the “M” side of the switch; thus 
the battery and low-tension coil are cut out of service 
and the low-tension magneto (explained farther on) 
takes the place of both the battery and the low-ten- 


sion coil. 


An oscillating type of low-tension magneto igni- 
tion system, using a make-and-break igniter and 
arranged different from that mentioned above, 1s 
shown on page 255 (see Fig. 48). 


’ A magnetic plug, instead of an igniter, could also 


be used for a low-tension ignition system, as shown 
in Figs. 49, 50, and 51 (page 255). 
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The Ford magneto (pages 248 and 249) is also a 
low-tension magneto, but is not a low-tension igni- 
tion system, because the low-tension current of 
the magneto is transformed to a high-tension cur- 
rent by means of a high-tension coil, all of which will 
be explained farther on. 


Where a dynamo, which delivers a “direct” cur- 
rent of low-tension is used, as in Figs. 14, 16, and 
17, note that the low-tension coil is used in connec- 
tion with the batteries or with the dynamo, because 
the dynamo delivers a direct current flowing in one 
direction and at a low voltage, or approximately 
the same voltage as the batteries and thus merely 
acts as a mechanical source of electric supply 
instead of a chemical source. 


Disadvantage of the true low-tension ignition 
system, using a make-and-break igniter and a low- ' 
tension coil: It would appear that this system 
would be a very simple and effective ignition sys- 
tem, as it requires less care in wiring than a high- 
tension or jump-spark system, but while this feature 
may predominate, there are several disadvantages. 


For example, the word ‘‘make-and-break”’ refers 
to the igniter as shown in Figs. 12 and 13 (page 185). 
The movable electrode first makes contact with 
the stationary electrode, and after “making” 
contact, it then “breaks” the contact (due to the 
action of the tappet rod); thus the derivation of 
the name, ‘‘make-and-break.” 


On each of the electrodes there are platinum 
points. When the contact “breaks,” a spark occurs 
just as it did as shown in Fig. 11 (page 184). This 
spark soon pits the points, burns them off rapidly, 
and they often stick. Platinum is used because it 
withstands this action better than any other metal, 
but even so, where the mechanical arrangement is 
all within the cylinder, exposed to the combustion 
heat, it is a difficult matter to keep the points 
from pitting. 

Then another difficulty was in insulating the 
stationary spark point or electrode, and making an 
easy working but tight joint for the movable 
electrode. 


Still another disadvantage was in the great 
advance and retard range of ignition as required on 
variable-speed automobile engines, where the 
engine varies in speed from 200 to 1,500 r.p.m. 
This action is limited with the make-and-break 
system. 


' Where a slow, constant-speed engine is used, 
this system serves fairly well. 


The low-tension ignition systems are not now 
used on automobile engines, but were formerly used 
in the early days of motoring. 


The reason for explaining these early systems of 
ignition is the fact that the underlying principles of 
the more modern systems are founded upon. the 
principles of these early days. Therefore it is 
essential that they be mastered first in order more 
clearly to understand the modern systems treated 
farther on. 


The next subject will be that of a high-tension 
coil ignition system using a magnetic vibrator. 
This system is now seldom used, but must be under- 
stood before the modern battery and coil-ignition 
system can be thoroughly understood. 
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HIGH-TENSION COIL IGNITION: Vibrator Type Coil; Condenser Principle; 
Master Vibrator Coil; Distributor Principle 


The Jump Spark 


The voltage produced by a low-tension coil as 
used for the ‘make-and-break’’ ignition system, 
explained on page 185, would not have enough pres- 
sure to Jump across the gap of a spark plug. It 
must therefore be intensified (or the pressure must 
be increased) still more. 


Where simple low-tension coils are used for the 
make-and-break system, coils of another kind, 
called “high-tension induction coils,” are used to 
intensify or transform the current to a high voltage 
in order to force the current to jump across the open 
space or gap of a spark-plug point (Fig. 1). There- 
fore it is called the “jump spark” or ‘“‘high tension” 
(meaning high pressure). 
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Fig. 1. Relation of the spark plug to the cylinder and to 
the commutator. 


A spark plug (Fig. 1) is screwed into the cylinder 
of the engine, and when the piston is in the right 
position to receive a spark, a high-tension current 
of electricity is sent along the metal center rod 
(called the “electrode”’) of the spark plug and across 
the small air-gap (X) at the bottom and into the 
outer sleeve or iron shell of the spark plug which 
screws into the cylinder. 


Although this air gap (X) is only about 1/64” to 
1/32" wide, the air in the gap offers such a tremendous 
resistance to the current that it requires in the 
neighborhood of 5,000 or more volts’ pressure to 
force a very small quantity of current across the gap. 
In other words, the current must be of such high 
pressure that it will jump across a space between 
two points, forming a spark as it passes, 


The amperage of current across this gap is so 
small a quantity that it cannot be measured with 
a meter, but is measured with an instrument called 
an oscillograph and the current is measured in 
terms of milliamperes (one-thousandth of an 
ampere). 


‘To give an idea of the quantity represented by a 
milliampere, suppose we have a high-tension coil 
with 5 amperes at 6 volts pressure flowing through 


the primary winding and the voltage at the second- 
ary terminal or gap is 10,000 volts, what would be 
the amperage of the secondary? 


5 amp. X6 volts=30 watts. 30/10,000=3/1,000 part of an 


ampere. 


K-W ignition coils are constructed to operate on a 
current consumption in the primary from the battery 
of 1 to 1 2/10 amperes at 6 to 8 volts. The “self- 
induced” voltage in the primary has a sufficient 
number of turns to give 145 volts when the circuit 
is broken. The voltage at the secondary is 5,000 
and up, depending on the number of turns. High- 
tension coils which give a 14” spark, in the open 
air, require about 10,000 volts at the secondary, 
and if the coil is of a vibrator type, the voltage can 
be still further increased when the spring tension 
on the vibrator spring is increased, so that the coil 
will draw a heavier current (amperage). This, 
however, should not be made a practice, inasmuch as 
the insulation is not designed to stand current 
values above those recommended by the manu- 
facturer. Always adjust according to instructions. 
See Index for Ford vibrator coil adjustments. 


Note that the battery or primary current does not 
jump the spark-plug gap. It is used to magnetize 
the iron core; and when the circuit is opened and 
this core is suddenly demagnetized, a high voltage 
is induced from the primary winding into the second- 
ary winding. This is due to approximately 12,000 
turns of fine wire used in the secondary winding, 
wound over the primary winding. 


Construction of a High-Tension Vibrator Coil 


The high-tension coil (also called a “Jump-spark 
coil,” “secondary coil,” “transformer coil,” etc.) 
differs from the low-tension coil in that there are 
two windings on the coil core; one, a coarse wire 
winding, called the primary winding, just the same 
as in a low-tension coil and the other, a secondary 
fine wire winding which is wrapped over the primary 
winding, both windings being insulated. 


There are usually about 200 turns of No. 19 to 
24 B. & S. gauge insulated copper wire for the pri- 
mary winding, and about 12,000 turns of very fine 
No. 34 to 38 B. & S. gauge enameled silk-covered 
thin insulated copper wire in the secondary winding, 
so that the layers can be close together and with 
as many turns as possible. Thus the ratio of the 
primary winding to the secondary is about 60 to 1. 


The windings can be in either direction. They 
are usually in the same direction, because it is more 
practical from a manufacturing standpoint. 


_ The original and early form of a high-tension coil 
ignition system consisted of the parts as shown in 
Fig. 2. This system is termed a “magnetic vibrator- 
coil” ignition system. 


A commutator, which is nothing more than a 
revolving switch, has a roller (R) connected to an 
arm which is connected to the cam shaft. This 
roller, therefore, makes one revolution while the 
crank shaft makes two revolutions. Thus on a 
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Fig. 2. A high-tension coil using a magnetic vibrator. 


single-cylinder engine, there would be one insulated 
commutator contact segment (S), and one spark 
pe occur during two revolutions of the crank 
shalt. 


_ Primary circuit: The current flows from the posi- 
tive terminal (+) of the battery, through the roller 
(R) and segment (S), through the ignition switch, 
vibrator screw and points (P), through the trembler 
or vibrator blade (D), through the primary winding 
wrapped around the coil iron core, to the (—) 
terminal of the battery. 


Tf the roller (R) is on contact with the commutator 
segment (S), and the ignition switch is “ony = ube 
current would then pass through the entire primary 
circuit. ? 


The moment the primary circuit is completed, 
the vibrator blade (trembler blade—D) is drawn to 
the soft iron core (A), because the soft iron core 
becomes magnetized the moment the primary cir- 
cuit is completed. 


When the vibrator blade (D) is drawn to the soft 
iron core (A), the primary circuit is opened between 
the platinum points (P) on the vibrator blade and 
on the vibrator screw. ‘Thereupon the core loses its 
magnetism and the vibrator blade is released; on 


account of its spring tension, it rebounds, closing 
the primary circuit again at the point (P). 


This action takes place repeatedly and the blade 
vibrates back and forth, so long as the circuit is 
closed by the roller (R) of the commutator being on 
contact with the segment (S). 


The moment the roller (R) leaves contact with 
the segment (S), the coil is out of action. ‘Thus we 
have what is termed a “magnetic” method of making 
and breaking the primary circuit, instead of a 
“mechanical” method. The mechanical method, 
however, is a popular method and will be explained 


farther on. 


Secondary circuit: When the primary circuit is 
opened and closed by the magnetism of the core (A), 
which is produced by the current flowing through 
the primary winding, a very high electromotive 
force is induced into the secondary winding, which is 
wrapped around the primary winding. This 
induced e.m.f. in the secondary winding causes 
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current of a very high voltage to flow in the second- 
ary winding, of sufficient intensity to jump a gap (X) 
of about 1/32’ at the points of the spark plug, which 
is screwed into the engine cylinder and to cause a 
spark which ignites the compressed gas. 


To develop a high voltage (e.m.f.) at the second- 
ary terminals it is necessary that a very large number 
of turns be used. For instance, if the primary wind- 
ing consisted, say, of ten turns of wire and the 
secondary consisted of one hundred turns, the 
“induced” voltage in the secondary would be ten 
times as high as that in the primary, but the cur- 
rent value (amperage) in the secondary would be 
ten times less than in the primary. 


The secondary winding is insulated wire, as is also 
the primary winding. One end of the secondary 
winding leads to the metal rod connection of the 
spark plug which is insulated from the engine by 
porcelain, then passes through it, jumps the gap (X) 
to the metal point of the spark-plug shell, which is 
an iron shell screwed into the cylinder, and then 
passes through the frame of the engine back to the 
other end of the secondary winding. As the vibra- 
tor on the coil vibrates, a “succession of sparks” is 
produced at the spark-plug gap (X). Bear in mind, 
however, that there is but one spark produced at 
each break of the contact points (P). Sometimes 
the secondary and primary windings are connected 
together inside of the coil, and one wire leads from 
both, to a ground connection on the engine. But 
it should be noted that the secondary circuit and 
the primary circuit are two independent circuits. 
Of course the secondary circuit, which is of a very 
high voltage, is dependent upon the primary cir- 
cuit, not by means of metallic connections, but only 
by induction, as will be explained farther on. 

The magnetic vibrator blade (D) (Fig. 2), as previously 
stated, vibrates rapidly and opens and closes the circuit a great 


number of times, during the time the commutator roller is in 
contact with the segment (S). 


This is the principle of the Ford ignition coil, and by adjust- 
ing the tension of the vibrator, by screwing the adjusting screw 
in or out, the number of times it opens and closes the primary 
circuit can be regulated. The more times it opens and closes 
the primary circuit during a given period of time, the higher 
the voltage (see Index under ‘‘Ford ignition coil’). 


Time of spark: The commutator roller is set so 
that it makes contact with the segment (S) when the 
piston is at the top, or slightly over the top, of the 
compression stroke. This is termed “ignition tim- 
ing’’ and is treated farther on. 


Condenser: A condenser is always used with 
high-tension coils, by placing it across the inter- 
rupter points, to prevent a spark at the interrupter 
points, which would otherwise occur as shown in 
Fig. 11, page 184, if a condenser were not used. 
The condenser is not shown in Fig. 1, but is shown 
in Fig. 3. The condenser is fully explained farther 
on. 


How and why the high tension, or voltage is 
induced into the secondary winding of sufficient 
intensity to jump the spark-plug gap (X) is explained 
in the text following. 


Note. In Fig. 1, the circuit is slightly different from that 
in Fig. 2. The principle is the same. Fig. 1 explains the 
relation of the spark plug to the cylinder and also how the cur- 
rent flows through the engine frame. The connections from 
the battery to the coil, etc., could be as in Fig. 1 or 2. The 
connections shown in Fig. 2, however, are in conformity with 
the general practice. 


Note that, as shown in Fig. 2, the (—) terminal of the battery 
is usually grounded. The secondary and primary windings are 
also usually grounded together. For instance, if the left ends 
of both primary and secondary winding were connected together 
in the coil and then grounded, and if the (—) terminal of the 
battery was grounded, the circuit would be a “grounded” 
system instead of an “insulated” system, as shown in Fig. 2. 
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Principle of a High-Tension Coil 


How a high-tension current is induced in the 
secondary winding can best be understood after 
first reading the explanation of the principle of the 
low-tension coil on pages 182, 184; since the self- 
induction action of the primary winding is the base 
for building up the high-tension voltage in the 
secondary, by what is termed mutual-induction. 


The difference between ‘self-induction’” and 
“mutual-induction” is that self-inductance is pro- 
duced in the same coil in which the current -was 
allowed to flow, as the primary winding. Mutual 
inductance is where an e.m.f. or current is induced 
into a separate coil of wire, as in the secondary 
winding. 


We learned on page 184 that the greater the num- 
ber of lines-of-force and the greater the rate of speed 
at which the lines cut the turns of wires, the greater 
the induced e.m.f. for voltage. 


Therefore, as we have several thousand turns of 
wire in the secondary and a few hundred turns 
of wire in the primary, we thus have a greater num- 
ber of cuttings of lines-of-force, because very nearly 
all the magnetic lines-of-force produced by each 
turn in the primary will cut all the turns in the 
secondary coil, hence the total number of cuttings of 
lines-of-force will be greatly increased. ‘The lines- 
of-force will cut the turns of wires at a greater rate of 
speed when contact is broken than when contact is 
made, thus the voltage developed at the “break” of 
the circuit is enormously greater than at the “make.” 
This is explained as follows: 
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Fig. 3. Showing how the lines-of-force build up around the 
windings when contact is closed, and how they collapse and 
cut the turns of wire when the circuit is opened. 


Commutator 


When the primary circuit is closed by the com- 
mutator (Fig. 3), the primary circuit is completed 
through the points (P) on the vibrator screw and 
blade (C), and the lines-of-force spring from the pri- 
mary turns of the wires, and a magnetic field is 
built up around the wires, as explained on page 181. 
This magnetic field in buildmg-up forms an electro- 
magnet, with lines-of-force flowing from (N) to (8), 
therefore these lines must necessarily eut (wp) 
through the turns of wires on the iron core as they 
build up. In doing so, they generate an induced 
e.m.f. which has a tendency to create a counter- 
voltage, or counter-electromotive force, which bucks 
or opposes the incoming current from the battery 
(see page 184). Consequently the magnetic field 
is momentarily retarded and builds up with com- 
parative slowness, and thus we do not obtain a very 
high rate of speed of the lines-of-force cutting the 
wires during the building-up process. 
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In building up this field, the lines-of-force cut 
through the secondary as well as through the 
primary. In doing so, an e.mf. is generated in 
the secondary which flows in an opposite direction, 
due to the movement-up of the lines-of-force, which 
is an operation similar to that of moving a wire 
down in a magnetic field (Fig. 10A, page 183). 


The induced voltage in the secondary is thus not 
great enough to jump the spark-plug gap (X). 
Therefore we must make use of another action. 
This is accomplished by breaking, or interrupting 
or opening the primary circuit. In other words, 
the moment the lines-of-force build-up, the core 
(A) becomes an electro-magnet and draws the inter- 
rupter blade (C) to it, thus interrupting, or opening, 
the primary circuit. 


When the primary circuit is opened or interrupted 
quickly, an entirely different action takes place. 
The magnetic field of lines-of-force, which have by 
this time built-up around both windings and reached 
maximum value, collapse or recede into the iron 
core. In doing so, the lines-of-force cut at a great 
deal more rapid rate than when being built up. 
Therefore, as the lines-of-force collapse or recede 
to the iron core with great rapidity, they cut the 
secondary turns of wire in an opposite direction to 
that in which they did so in building-up, and the 
current then flows in the same direction as the 
dying primary circuit. They thus assist in causing 
self-induction! in both the secondary and primary 
circuits, which generates a very high voltage, but 
still not as high as necessary. 


Bear in mind that the primary circuit is now open. 
Thus we are dealing with ‘‘self-induced” current, 
produced by the lines-of-force cutting the turns of 
wires as they collapse or recede to the core. 


The point to be noted is, that if this iron core is 
demagnetized, so that the lines-of-force can pass 
back to it at a greater speed, the turns of the wires 
would be cut at a greater rate, correspondingly 
increasing the induced e.m.f. in the turns of the 
wires. 


Owing to the fact that this primary circuit is now 
carrying a self-induced current, caused by the line 
cutting its own turns of the wires, this prevents 
the rapid demagnetization of the iron core, and a 
heavy spark will occur at the interrupter points 
(P), just as it did on the break of the low-tension 
coil (Fig. 11, page 184). 


The condenser assists in demagnetizing the core. 
Therefore, if we could absorb this spark at the inter- 
rupter points (which comes from the self-induced 
current in the primary winding) in some way, and 
thus cause a more rapid demagnetization of the 
iron core, the lines-of-force would then pass back to 
the iron core more quickly and would thus cut the 
secondary turns of wires at a still greater rate of 
speed. In other words, it is the secondary winding 
into which we wish to induce a very high voltage. 
Therefore, by placing in the coil a condenser which 


1 “Self-induction” means induction produced in a circuit at 
the moment of starting or stopping the currents flowing therein, 
by induction of the current on itself. For instance, when 
starting current to flow through the primary circuit, if the cir- 
cuit is closed, lines-of-force spring out from the center of the 
wire through which the current is flowing, and thus produce a 
temporary “‘self-induced” current in an opposite direction, 
eis momentarily retarding the building-up of the lines-of- 

orce. 


_ When stopping or opening the circuit of the primary, the 
lines-of-force collapse into the core and, in doing so, cut in an 
opposite direction, or in the same direction as that in which 
the battery current was flowing. 


HIGH-TENSION COIL IGNITION 


is connected across the interrupter points (P, Fig. 3), 
we can absorb or suppress the spark across the 
interrupter points (P) of the primary circuit and 
stop the flow of self-induced current which is still 
trying to build up lines-of-force in the core, and 
thus aid the primary current to fall to zero value 
more quickly. Hence the reason for placing the 
condenser (Fig. 3) across interrupter points (P) of 
the primary circuit. 


Purpose of the Condenser 


1. To absorb the self-induced current of the pri- 
mary, thereby allowing the magnetic field to 
collapse with the greatest possible speed, and 
also eliminating the spark at the contact points. 


2. To discharge in an oscillating (alternating) 
manner back and forth into the primary circuit, 
thus completely neutralizing or demagnetizing 
the iron core and thereby preparing it for repeated 
action. 


Condenser Construction 


The condenser consists of a series of sheets of 
tinfoil separated from each other by a good insulator, 
such as mica, or several sheets of wax paper. These 


Fig. 4 


are built up in a pile, somewhat as shown in Fig. 4. 
The even-numbered sheets of tinfoil, 2-4-6, etc., 
are connected, making one terminal (T) of the 
condenser. The odd-numbered sheets, 1-3-5, etc., 
are likewise connected, making the second terminal 
(T1) of the condenser. There is no connection 
between the two series of sheets. These connec- 
tions are then made across the primary circuit at 
the contact points, as shown in Fig. Ue 


Condenser Action 


With contact points (P) closed (Fig. 5), the current 
flows as shown by arrows through the primary 
winding. The condenser and _ secondary winding 
are not considered, as they are inactive. A current 
of low value is induced in the secondary in a direc- 
tion opposite to that of the primary-current flow. 


With contact points (P) open (Fig. 6), the con- 
denser is charging. The spark of highest value 1s 
now at the secondary terminals. Note that when 
points (P) open, the magnetic field of lines-of-force 
collapse, and the induced current in the secondary 
is then flowing in the same direction as that in 
the primary. This spark is greatest Just as the 
points open, because the condenser absorbs the self- 
induced current of the primary and thereby stops its 
flow, thus preventing it building up lines-of-force 1n 
the core. On the other hand, it neutralizes the 
core, and also eliminates any flow of current or of 
sparking at the contact points. 


1 Never attempt to open a condenser, as this will destroy it. 
In the manufacturing process the tinfoil and insulating sheets, 
with the aid of an insulating compound, are pressed closely 
together under heat, with high pressure (Fig. 4A). Obtain a 
new one when necessary. 
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On account of this action the lines-of-force or 
magnetic field can collapse with greater rapidity 
and cut the turns of wires faster, thus inducing a 
current in the secondary winding of a much higher 
voltage. 


The current flows into the condenser in one direc- 
tion when charging, which action takes place 
immediately the points are opened. 


When the condenser is charged with the (+) 
positive current flowing into the (+) side, it will 
establish a (—) negative charge on the other side. 
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The condenser, after being charged, makes an 
oscillating discharge of high voltage and frequency 
through the primary winding and battery (Fig. 7). 
That is, the discharge is first in one direction and 
then in the other, the strength of this current eradu- 
ally decreasing (owing to the resistance of the cir- 
cuit) until it dies down to zero. This alternation 
or reversal of the current flow is very rapid, some- 
times reversing from one direction to the other as 
many as two hundred thousand times every second, 
and its discharge can therefore be considered almost 
instantaneous. 


The main purpose of the alternate discharges 
shown in Fig. 7 is to completely demagnetize or 
neutralize the iron core, thereby preparing the core 
for a repeated action of building-up again as shown 
in Fig. 5, and collapsing, as shown in Fig. 6. 


As this is written out, or as it is read, it seems a 
rather long action. The process, however, does 
not require one-thousandth of a second, inasmuch as 
the current alternates at an extremely high fre- 
quency, sometimes having as many as 100,000 cycles 
per second. 


192 


Meaning of Cycle and Frequency 


A cycle means a, series of events which continually 
reoccur. In the case of a condenser, for exarnple, 
the current discharge at one instant is a maximum 
(+), as shown at (C) (Fig. 7A). It gradually 
declines to 0 at (A), then builds up to a maximum 
(—) as shown at (D), again declining to 0 at (B), 
reversing in direction and building up to a maximum 
(+) at (E), which is the same condition as at (C), 
thus reversing the direction twice at (A) and (B) 
and completing the cycle evolution, which is 
repeated over and over again until the discharge 
dies down to O (zero). 
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Fig. 7A. Explanation of the meaning of cycle. 


Frequency means the number of cycles completed 
per second. As mentioned above, it is 100,000. 


The Ignition Commutator 


Because the secondary current is only needed 
when it is time for the spark to pass and ignite the 
mixture, the primary current is switched into the 
primary winding only once during two revolutions 
on a single-cylinder engine. The switching is done 
by a commutator, which might be termed a revolv- 
ing switch. 
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Where there are four cylinders to an engine, 
then it would be necessary to have four segments 
(S) on the commutator, because four sparks are 
required during two revolutions of the crank shaft. 


A four-cylinder ignition commutator is shown in 
Fig. 8. An ignition commutator is used only 
with a vibrator-type coil, as on the Ford. The 
vibrator-type coil and commutator are seldom used 
on any other make of car. 


The spark timing device (commutator) is so 
named because it “times” the spark at the right 
time. In other words, the roller makes contact 
with one of the segments (1, 2, 3, or 4 on a four- 
cylinder engine). Each segment controls one of 
the spark plugs (through a coil) in one of the four 
cylinders. When the right cylinder is ready to 
fire, the timer makes contact and starts the vibrator 
on the coil, which causes a spark at the points of 
the spark plug. This device is called a “commu- 
tator,’ and is used only with a high-tension coil 
using a vibrator. 
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Commutator construction: There are many dif- 
ferent constructions. One which will explain the 
principle of a commutator is shown in Fig. 8. 


The metal roller hub is connected to the cam 
shaft, of the engine. A roller (R) revolves in a 
housing lined with an insulated, non-conducting 
material, usually fiber. Metal segments (S) are 
placed 90° apart for a four-cylinder engine. These 
segments are connected with one terminal of the 
primary winding of the coil. There are as many 
segments on the commutator and as many coils as 
there are cylinders. Since the cam shaft makes 
one revolution while the crank shaft makes two 
revolutions, then the roller (R) would revolve the 
same number of times as the cam shaft, because it 
is connected with it. Thus roller (R) would make 
contact with each of the four segments during 
one revolution, and so would produce four sparks 
in the engine cylinders, or one spark for each 
cylinder during one revolution of-the roller (R), or 
two revolutions of the crank shaft of the engine. 


Electric Circuit of a Four-Cylinder Vibrator 
Coil Ignition System 


The illustration (Fig. 9) explains how a commuta- 
tor is driven from the cam shaft of a four-cylinder 
engine and how it is conneeted with the primary 
windings of four-vibrator type coils contained in 
one coil box. 


The illustration also shows the primary wiring 
connection from the battery, through one of the 
coils and connections to the other three coils and 
to the commutator, back to the battery; also the 
secondary circuit from coil to spark plugs, back to 
the coil. 


Primary circuit: Place your pencil on the drawing 
at the positive pole (P+) of No. 1 battery, and 
follow out the circuit. 


We will begin with the positive pole connection 
of No. 1 battery; there are two sets of batteries, but 
only one set is used at the time. If one runs down, 
the other one is thrown into service by a switch on 
the coil. 


The switch is now on No. 1 contact, and the 
circuit is from No. 1 battery to the switch, through 
the switch lever to the bus-bar on the front of the 
coil, which connects to the contact screw (V) of 
the coil, thence through the platinum points, through 
the magnetic vibrator spring, to the primary wind- 
ing which is wrapped around a core or bundle of 
soft iron wires. 


The other end of this primary wire of coil connects 
with the segment on the commutator; the current 
is closed here at the proper time. ‘The commutator 
roller-contact revolves as explained. previously. 
When this contact is completed, the primary circuit 
is closed on one of the four coils (it is now closed on 
No. 1 coil). When this circuit is closed, the bundle 
of iron wires (core) becomes magnetized and draws 
the vibrator down, but the moment the vibrator 1s 
drawn away from the contact with the vibrator 
screw, the circuit is broken and the vibrator springs 
back and makes contact again, but is immediately 
drawn down again; this, of course, 18 quick and 
rapid. This vibration is kept up as long as the 
contact is made on the timer, which, of course, 18 
only for a moment, but during that time the vibrator 
makes several vibrations or “buzzes” as explained 
previously. 


Secondary circuit: When these vibrations, or 
interruption of current, occur, a current 18 inducec 
into the secondary winding of fine insulated wire 
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wrapped around the primary winding of the coil, 
called a “secondary winding.” (How and why this 
current is induced into the secondary winding 
without any metallic connection was explained). 


This secondary winding, of course, has two 
terminals; one end goes to a spark plug, and the 
other end connects to one side of the primary wire, 
which grounds it through the commutator roller to 
the engine, when the roller makes contact; thence 
the circuit is to the metal shell of the spark plug in 
the engine, across the spark-plug gap, to the 
insulated part of the spark plug, back to the coil. 
A separate coil unit is provided for each cylinder. 


The duty of the commutator, therefore, is to make 
contact at a certain time in order that the right coil 
will operate and supply an electric spark to the right 
cylinder at the right time. 

Note. When one wire (on any wiring diagram) passes over 


another wire without making contact, a half-circle is made, as 
shown above. 


How the Commutator Helps Control the Speed 


The commutator is connected to the spark lever 
on the steering wheel (Fig. 10). When the spark- 
lever is pushed forward, the commutator is shifted 
forward so that the metal roller makes contact earlier 
with the contact segment. This is called ‘‘advanc- 
ing” the spark. 


If the commutator is shifted back instead of for- 
ward, the contact is made later. This is called 
“retarding” the spark. 
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Fig. 10. Note the manual (hand) method of “advancing”’ 
and ‘retarding’? the commutator. (Four-cylinder engine as 
example.) If the roller is revolving to the left, by shifting 
the commutator housing to the right, contact would be made 
earlier. This would be called “advancing” the spark. If 
the commutator is shifted to the left, contact would be made 
later—called ‘‘retarding.”’ 

When using a vibrator coil (which is the case here), the time 
of the spark is set earlier than when using the single-spark 
system, because plenty of time must be given the spark to 
ignite the gas so that it will ignite and combust when the 
piston is at the top of its stroke instead of after the top. (Note 
the connections to the commutator for firing order of 1, 2, 4, 3.) 


The setting for the time of spark to occur is done 
by placing the contact roller at a certain position, 
as will be explained under “Ignition timing.” 


The gas-throttle lever is the lever used to run on, 
and is used to increase or decrease the speed of an 
engine. This is done by opening and closing the 
throttle, as explained under the subject of Carbure- 
tors. 


It is well to run with the spark lever as well for- 
ward, or advanced, as possible, as it will tend to 
keep the speed of the engine up and consume less 
gasoline and. create less heat. If the spark lever is 
too far advanced, then the engine will pound or 
knock, because the ignition will take place before 
the piston is over the center. A retarded spark 
produces heat- ' 
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The amount of advancing and retarding of the 
spark by hand must be learned by actual practice, 
in order to get the best results. 


High-Tension Vibrator Coil Using a Commu- 
tator as Used on One, Two, and Four- 
Cylinder Engines 


As previously stated, the vibrator-type coil is 
now seldom used on automobile engines. It. will 
often be found on small marine and stationary 
engines. A few examples of connections are shown 
below. 


There are as many coil units and as many com- 
mutator segments as there are cylinders. 
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Fig. 11. One-cylinder engine with a vibrator type of jump- 
spark coil and two sets of dry batteries for ignition. Only 
one set of batteries is in use at the time. The commutator 
revolves at one-half the speed of the crank shaft. Note that 
there is one commutator segment, 


PRIMARY TO TIMER~ 


TWO H.T. 


Twosets COllSy 


OF BATTERIES 


Pa 


— — 
eS———= 


: * 
comer & ea 
MTATORI Ce 
0 


2 


Fig. 12. Two-cylinder vertical engine (180° crank shaft) 
with a vibrator-type of Jump spark coil and two sets of dry cells 
for ignition. Note the position of the segments on the com- 
mutator. The commutator revolves at one-half the speed of 
the crank shaft, (This type of engine is seldom used.) 


Fig. 13. A two-cylinder opposed-type of engine with a two- 
cylinder Jump-spark coil and a set of dry cells and a storage 
battery, either of which may be used. The two contacts on 
the commutator are placed opposite. This revolves at one- 
half the spedd of the crank shaft. 
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Fig. 14. A four-cylinder vibrator-type coil, using a com- 
mutator with four segments and a set of dry cells and a storage 
battery, either of which may be used. (S) are secondary ter- 
minal connections to the spark plugs. 


Fig. 15. _ A single-cylinder vibrator-type of jJump-spark coil. 
This type is usually called a ‘‘box coil,” and is only used on 
small marine or stationary engines. Quite frequently a single- 
cylinder box coil has but one secondary connection on top. In 
this case the secondary connection shown at the front of the 
coil is connected inside of the coil to the primary wire which 
connects to binding post (P). 


The Master Vibrator Coil 


With the “high-tension” vibrator coil system, 
just described, as many coil units, each with vibra- 
tors, would be provided as the engine had cylinders. 
If a four-cylinder engine, four vibrator coil units 
would be necessary. If a six-cylinder engine, six 
vibrator coil units would be necessary. 


It will be noted that with this number of vibrators, 
one or more would be constantly sticking, unless a 
great deal of attention was given to them. 


Therefore, by using a master vibrator, only one 
vibrator coil is used, which is connected with the 
other coils as shown in Fig. 16 (page 195). 


The master vibrator coil has but a Single primary 
winding, and is connected in series, so the primary 
current must travel through it before reaching any 
of the coils. The usual commutator is employed. 


The master-vibrator coil can be connected with a 
“multiple” of coils, by screwing down the vibrators 
on all coils and short-circuiting them, by connecting 
as shown in Fig. 16A. Note that the coils are the 
regular double-wound, high-tension coils. 


The advantage of such a system is that there is 
but one vibrator to keep in adjustment, since this 
vibrator serves for all the cylinders ; Whereas, with 
several vibrator-coil units the difficulty of keeping 
several adjustments is a considerable factor. 


The disadvantage is the great amount of wiring 
necessary with the multiple-coil system. Although 
the master vibrator is easily connected and requires 
very little wiring, the “distributor” system, which 
will be explained next, requires considerably less 
wiring. ‘The master vibrator is an excellent addi- 
tion to be applied to a multiple system of ignition, 
already installed, which uses vibrator-type coils. 
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Fig. 16. A simplified illustration of a master vibrator coil 
on a four-cylinder, engine, as an example. (W) secondary 
winding; (PW) primary winding; (P) primary wire; (VB) 
vibrator; (C) coils; (G) secondary ground wire; Fig. 16A, 
shows how the vibrator on the coils C1, C2, C3, and C4 are 
short-circuited. 
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Fig. 16A. How to short-circuit vibrators on coils. 


The firing order is 1, 2, 4, 3. No. 1 segment of the com- 
mutator igs now connected; therefore coil (C1) is firing No. 1 
cylinder. Note that the master vibrator is in series with this 
coil. The primary circuit in this instance is from (+) battery, 
through the winding of the master vibrator, through the 
vibrator points, through the primary winding of coil (C1), to 
the commutator segment, through the metal roller, through 
the ground of the engine, to the other terminal of the battery. 


The secondary circuit is from wire (S) to the spark plug, 
through the engine, back to the other end of the secondary 
winding on the coil. 


The next cylinder to fire will be No. 2, and coil (C2) will be 
the next one connected by the roller on the commutator. The 
next to fire will be cylinder No. 4 through coil (C4), then 
cylinder No. 3. through coil (C3). 


The ‘Distributor’? or Synchronous System 
of Ignition 


In the foregoing examples it will have been noted 
that the amount of wiring required for engines hav- 
ing more than one cylinder becomes increasingly 
complicated. A system now generally used, known 
as the ‘distributor system,’ very considerably 
simplifies the wiring, and at the same time a more 
accurate timing of firing of the respective cylinder 
is obtained. (See Fig. 17). 


One vibrator coil only is necessary, this having 
the high-tension terminal joined up to the “dis- 
tributor,”’ which is a special form of rotating switch 
highly insulated, which directs the high-tension 
current to the cylinders in the required order. 


The secondary distributor brush (B) rotates at 
the same speed as the commutator roller contact- 
maker, and in perfect unison with it; that is to say, 
when the low-tension circuit is completed, the high- 
tension circuit is completed likewise. The diagram 
should make the system clear, it being borne in mind 
that the distributor is rotating as well as the contact 
maker, and in perfect “synchronism” with it. 


The secondary distributor is made in combination 
with a commutator, each with as many contacts as 
the engine has cylinders, and with the moving parts 
of each attached to the same shaft and revolving. 
(See Fig. 18). 


The battery is connected to the single coil in the 
usual manner, and a wire is run from the primary 
terminal of the coil to the commutator, where it 1s 


connected to the four segments of the commutator. 
Thus when the commutator revolves, the current is 
passed through the one coil every time that contact 
is made. 


If with this arrangement a wire was run from the 
secondary terminal of the coil to the four spark 
plugs, sparks would pass in all four cylinders when- 
ever the timer made contact. Instead of this, one 
secondary wire is run from the secondary terminal 
to the moving part of the distributor, termed the 
“distributor brush,” or “rotor,” and from each 
contact point, or distributor segment of the distrib- 
utor to the proper spark plug. 


When the commutator makes contact, and the 
secondary current is formed, it flows to the second- 
ary distributor, which at that instant has made con- 
tact with one of its segments, so that that secondar 
current flows across the contact and to the seer 
plug that is connected. 


The advantage of this system is that there is only 
one vibrator to keep in adjustment, and only one 
coil, thus fewer parts. The disadvantage is that 
the constant action of the vibrator is liable to burn 
the vibrator points, and destroy them. Electrical 
lag is also a factor to be considered, as is also a 
greater consumption of current. 


The more modern ignition system uses a distribu- 
tor for distributing the secondary current to the 
spark plugs in a similar manner, but instead of using 
4 coil with a magnetic type of vibrator, or interrup- 
ter, a coil without a vibrator, termed a ‘non-vibrat- 
ing” high-tension double-wound coil, is used, and 
instead of using a commutator, a timer or “onter- 
rupter,”” which is mechanically operated from the 
engine, is used. This system will be treated in the 
next instruction. 
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Fig. 17. A simplified illustration showing the principle of 
a high-tension distributor or synchronous system of ignition 
using a vibrator type of coil. Not in general use. (P) primary 
winding; (S) secondary. Note that one end grounds to the 
engine (usually grounded on the coil). (VS) vibrator screw. 
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Fig. 18. Simplified illustrations to explain the principle of a 
distributor and commutator in one housing and operated by 
one drive shaft, used in connection with a vibrator type of coil. 
This method is obsolete, but a similar principle, of different 
construction, is the modern method, as will be explained farther 
on. Note that the distributor and commutator are together. 
The wiring diagram (Fig. 17) shows the two separated merely 
to explain the action. 
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MODERN BATTERY AND COIL-IGNITION SYSTEMS: High-Tension Coil 
(Non-Vibrator Type); Open and Closed-Circuit Ignition System; 
Distributor; Resistance Unit; Safety Gap 


THE MODERN BATTERY AND COIL IGNITION SYSTEMS 


In order to understand the modern “coil and 
battery” ignition systems, it was necessary that the 
reader study the elementary principles of the early 
forms or methods used for ignition, such as the low- 
tension coil, the high-tension vibrator coil, the 
commutator and the distributor, which have all 
been explained. It ought not therefore to be diffi- 
cult for the reader to grasp the principle of and the 
difference between the various modern ignition sys- 
tems now to be treated. — 


The battery and coil system is the modern ignition 
system, such as used on the Atwater-Kent, Delco, 
Remy, and others which are supplied with a “con- 
stant” source of electric supply when used in connec- 
tion with a storage battery which is kept charged 
by the generator. 

“Constant source of supply”’ means that the ignition appara- 
tus is not dependent upon a mechanical method of generating 
current, as in a magneto, but the supply of electric current is 
constantly supplied by a storage battery and the storage 


battery is constantly supplied with current (direct) by a 
generator. 


The Non-Vibrator Coil Ignition System 


The same underlying principle of operation of a 
vibrator-type coil, explained on the preceding pages, 
applies to the non-vibrator coil. The only difference 
to be noted is that the commutator is dispensed 
with, and instead of having a “magnetically operated 
vibrator” or “interrupter” on the coil, a ‘“‘mechani- 
cally operated timer,” or “interrupter,” is driven 
from the same shaft as the secondary distributor 
and is used for exactly the same purpose. 
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_ Fig. 1 represents the “single spark””—a hot one at the right 
time, which causes the gas to ignite quickly without lag, and 
consumes very little current, as produced by a high-tension 
coil ignition system of the non-vibrator type. 


Fig. 2. Note the succession of sparks. This represents 
the sparks as they occur on the old-style magnetic vibrator coil 
—several after top of stroke. The hottest one ignites the gas, 
but usually late. 


The non-vibrator coil uses a mechanical inter- 


rupter and gives but one “single spark” (see Figs. 
3, 4 and 5). 


Open and Closed-Circuit Interrupters 


The non-vibrator coil system of ignition can be 
classified as an open-circuit system and a closed- 
circuit system. It gives a “single spark.’ 


The open-circuit system consists of a single non- 
vibrator coil, timer, and distributor (if a multiple- 
cylinder engine). 
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Fig. 3. A non-vibrating high-tension coil ignition system, 
using an open-circuit timer. 


Timer. 


The open-circuit timer contact points (Fig. 3), 
used in connection with this system, are normally 
open. The cam is attached to a shaft, usually 
driven from the cam shaft, and must therefore be 
set so that the high point or lobe on the cam will 
raise the arm (C) so that it will make contact at 
the proper time. The spark does not occur at 
the spark plug when the contact is made, but when 
the contact is opened. This is therefore, a double 
operation, which causes “electrical and mechanical 
lag,” and this is eliminated by the use of a contact 
arrangement which is normally closed. Thus the 
improved method (Fig. 4) is termed a “closed- 
circuit” system, and is the system in general use 
today. 


While all lag factors deal with time in seconds, their effect 
on the engine is the number of degrees they cause the spark to 
occur off the point where it should. Consequently a time 
factor of only one-thousandth of a second means only a varia- 
tion of 3° at 500 r.p.m., yet means 12° at 2,000 r.p.m., and 18° 
at 3,000 r.p.m. 


Mechanical lag is eliminated much for the same reason, and 
the quicker and simpler the mechanism to “interrupt” the flow 
in the primary, the quicker the spark, 


_ Compare the timer in Fig. 3 with the interrupter 
in Fig. 4. 
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MODERN BATTERY AND. COIL-IGNITION SYSTEMS 


Note that in Fig. 3 the cam raises the arm (C) 
which makes contact at points (P), which are nor- 
mally open. The strong spark does not occur when 
contact is made, but when it is opened. 
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Fig. 4. A non-vibrating high-tension coil ignition system, 
using a closed circuit interrupter (also called contact-breaker). 


+ condenser 


Note that in Fig. 4 the contact points (P) are 
normally closed, and the high point on the cam 
raises the interrupter arm, thus opening the points 
(P) with one single operation. Thus the closed 
primary circuit of the coil is interrupted; hence its 
name “interrupter,” or ‘contact breaker” as it is 
also often called. 
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_The closed-circuit ignition system using a non- 
vibrator coil and a closed-circuit “interrupter” in 
connection with a distributor is more clearly shown 
in Fig. 5. This represents a modern “battery-and- 
coil” ignition system. 


Note that the distributor shaft, which is driven 
from the cam shaft of the engine, operates the in- 
terrupter cam which opens the interrupter contact 
points. The same shaft operates the distributor 
brush which distributes the secondary high-tension 
current to the spark plugs. 


The cam has as many high places, or lobes, as 
there are cylinders. On the cam in Fig. 5 there are 
four high places. This would, therefore, be suitable 
for a four-cylinder engine. It is fastened to a shaft 
which is driven at cam-shaft speed. It is set or 
timed so that the high point on the cam pushes 
the moving contact blade point away from the 
stationary contact point, thus opening the primary 
circuit of the coil. By this method the operation 
of first closing the circuit, then opening it, as on the 
open-circuit timer is eliminated, and makes the 
action much quicker. 


Circuit of the Modern Closed-Circuit System 


The primary circuit of the closed-circuit system 
(Fig. 5, below), is from (++) of the battery, through 
the ignition switch, through the resistance, through 
the primary winding, through the insulated station- 
ary contact point, through the movable interrupter 
or contact points, through the frame of the inter- 
rupter, to which it is grounded, to a ground connec- 
tion of the frame of the car, to (—) ground of the 
battery. 
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A simplified illustration of a high-tension non-vibrating coil, closed circuit ignition system. The outer circuit, in light 


lines, is tht secondary; the inner circuit, in heavy lines, is the primary circuit. 
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The condenser in this instance is placed across 
the contact points of the interrupter and in the 
interrupter, one end being connected with the 
insulated stationary contact and the other end 
grounded to the frame of the interrupter. The 
condenser could be in the coil, which it 1s, in some 
systems; in such cases it must connect directly 
across the contact points, as explained on page 189. 


The secondary circuit and distributor: One 
terminal is grounded. ' The other leads to the center 
terminal of the distributor, and makes contact with 
the metal spring on the insulated rotating distribu- 
tor brush, also called the “rotor.” 


The other end of the spring on the rotor passes 
close to, but not touching, the metal distributor 
terminals of the distributor head (made of insulated 
material) which leads to the spark plugs (termed 
the “distributor gap’’!); thence through the center 
terminal of the spark plug; it then jumps the gap 
at the spark-plug points, thence to the shell of the 
plug to the engine, back to the grounded connection 
of the secondary. 


The distributor rotor, of course, is synchronized 
or set so that the rotor spring makes contact with 
the spark plug in the cylinder to be fired; at the 
same time the interrupter cam opens the circuit. 


The ignition switch of course is supposed to be 
opened when the engine is idle. However, the 
operator may not always think to open the ignition 
switch, and therefore an ignition resistance unit is 
placed in series with the primary winding on very 
nearly all closed-circuit battery and coil-ignition 
systems, to take care of any possible damage that 
might occur. 


Ignition Resistance Unit 


The purpose of the ignition resistance unit is 
twofold, one being to protect the battery from dis- 
charging back through the primary winding and 
thus overheating the winding and discharging the 
battery, if the switch is left on and engine is not 
running. 


The ignition resistance is made of iron wire, 
usually mounted on a porcelain spool on the ignition 
coil. It turns a cherry red when the primary cur- 
rent flows through it for any length of time. When 
iron heats it offers resistance; thus the discharge 
through the primary winding is greatly decreased. 
If current is left on for a long period of time when 
the engine is idle, the resistance may burn out and 
open the circuit and a new resistance unit becomes 
necessary. This sort of thing happens frequently. 
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When the engine is running, the circuit is con- 
tinually opened and closed and thus the heating 
effect is not as great. 


In the instruction on the principle of the ignition 
coil (page 190), we learned that the coil core is slow 
in its action of “building up’’ lines-of-force, or in 
being magnetized, when the circuit is closed. This 
being the case, it would appear that at high engine 
speeds the interruption or opening of the circuit 
would take place before the iron core of the coil was 
fully magnetized, thus producing a weak spark. 
This is quite true and possible. 


To overcome this, the coil is wound so that it 
takes an excess of current, or more than is required 
in order to compensate for this slow action of mag- 
netizing the core. The question next to arise is, if 
the excess of current takes care of high speeds, 
what is the situation in the case of low speeds? At 
low speeds, the points are closed for a longer period 
and the excess of current would injure the coil. 


The answer is, that the resistance unit heats when 
the circuit is closed for a longer period of time and 
offers resistance which cuts down the flow of current to 
normal. At high speedsit does not heat so much and 
the resistance is less, and the current is permitted to 
pass at full value through the winding at high speed, 
thus assisting in quickly building up magnetism in 
the core.! 


High-Tension Safety Gap 


Safety gap: The fact that the distributor spring 
does not make full contact with the distributor 
terminals leading to the spark plugs brings up the 
subject of safety gaps. 


The safety gap on the ignition coil is always a 
“shunt” gap placed across the secondary circuit, 
usually on the coil. If the external secondar 
circuit is open, the safety gap provides another path 
to ground (see Fig. 6). It is used more on high- 
tension magnetos than it is on ignition coils, It is 
practically a safety valve for the high-tension cur- 
rent. The safety gap is usually set slightly farther 
apart than the spark-plug gap, or about 5/16”. As 
long as the wires to the spark plug are connected, 
the safety gap is inactive, but if the spark-plug 
wire should come loose, then the safety gap becomes 
active by a spark jumping across its gap instead of 
trying to jump from the end of the loose wire to 
the engine. If this were a greater distance than wy" 
which it might well be, it might cause the high-ten- 
sion current to force a circuit through its own 
pass winding to its ground, thus damaging 

re coil. 


CONNECTICUT IGNITION, CLOSED-CIRCUIT SYSTEMS: MODELS 16, 14, AND 15 


As an example of an ignition system using a 
“safety gap’ and a “thermostat resistance,’”’ the 
Connecticut ignition system as used on the Dort 
’ and also on the “model 89” Willy-Knight six, is 
shown in Fig. 6. The diagram represents that of 
the Dort. The Connecticut ignition system using 
the Connecticut automatic thermostat switch, is 


1 The gap between the distributor brush and the spark-plug 
terminals (Fig. 5) is about .010’, It may vary .003” or .004’’ 
either way. 


The prime advantage of this gap is the fact that no rubbing 
parts are employed; therefore there is no friction or wear, 


The high-voltage secondary current is able tojump the gap, 
and as soon as the gap is broken down its resistance becomes 
very low and the secondary discharge passes without noticeable 

oss. 


clearly Shown in this illustration. 
system is known as the model “16.” 


The purpose of the thermostat switch. It must be 
understood that the timer, or interrupter (Fig. 7) 
is a closed-circuit type;- therefore if the engine is 
not running and the switch is left “on,” a waste of 
current and heating of the ignition coil results 
eae this automatic switch is used to open the 
circuit. 


This ignition 


There are two types of Connecticut thermostat 
switches: one which is operated by magnet coils, 


1It is a very easy matter to check the resistanc i 
. . . . eye e unit, 
observing its heating when the ignition button is out pan he 
contacts of the interrupter are closed. If it is shorted, out, it 
will not heat up, and will cause missing at low speeds, 
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Fig. 6. The Connecticut model “16” high-tension non-vibrating coil closed-circuit ignition system. Note that a thermostat 
: ‘GA” 


of the thermal type, termed ‘‘automatic switch,” is used to open t 


he circuit if the ignition switch should be left “on. 


” 


Type ‘ 


coil is used in this system. Note that the interrupter is grounded at (A). 


which is an early type described in Figs. 13 and 14, 
and a later model where a thermal, or thermostat 
blade (D), (Figs. 6 and 8) takes the place of the 


magnets. We shall describe the later model, using 
the thermal blade. “Thermal” refers to heat. 
roller 
Retaining 


breaker 
plate 


Fig. 7. Top view of Connecticut interrupter or contact-breaker. 


Thermostat action (see Figs. 6 and 8). The 
battery current flows from battery (++), to (B), then 
through insulated spring (S, Figs. 6 and 8). If 
the ignition button is pushed in, then an insulated 
plunger (E) on the switch button presses against 
spring (S1) causing spring (S2) to close points (O). 
The current then travels through (A) to (1), through 
resistance wire ribbon (T) (thermostat wire which 
is insulated from A, except where grounded to A at 


1), to insulated connection (C), to (C) connection 
on the coil. 


So long as the engine is running, the intermittent 


opening and closing of timer contact points prevents 
(T) from heating blade (A). 


Tgnition button o> 


Fig. 8. Connecticut thermostat switch, also called “automatic 
switch.” 


If the engine stops with ignition switch “in,” then 
the timer points are closed, ‘and within for 30 or 40 


seconds the continuous current passing through 
resistance wire (T) heats spring blade (A), causing 
it to bend down, thus making contact with (J) at 
(X). The current then flows through (J) to (T) on 
blade (D), through (2) to ground connection of 
switch box at (G). 


Blade (D) then becomes heated and bends up, 
releasing a wedge-shaped lug (L) which is attached 
to under part of (D), from a groove in the ignition 
button shaft. The spring (Sl) then easily forces 
the ignition button “out,” thus opening the circuit 
at (O) and (X). 


The primary ignition coil circuit can be traced 
by starting at (+) of battery (Fig. 6) to thermostat 
connection (B) through spring (S) to connection 
(C) (when ignition button is “in’’), thence to the 
primary winding of coil (C), through the coil, out 
coil terminal (B) to stationary contact (B) on model 
16 timer, through points (P) to movable contact 
(A) (which is grounded), to the grounded terminal 
of the coil primary winding at (A), through ground 
plate (GP) to ground (—) of battery (type GA coil). 


The secondary ignition-coil circuit is from the 
secondary winding to center terminal (CT) of the 
distributor, to distributor arm (D) which passes 
the secondary current as it revolves, to spark plugs, 
thence through center terminals of spark plugs 
across spark-plug gaps to the shell of the spark plug 
to the engine frame, thence back to ground plate 
(GP) on the coil to the grounded terminal of the 
secondary winding. 


The safety gap is shunted across the secondary 
circuit of the coil, as shown in Fig. 6, and explained 
above. 


The condenser (Fig. 6) is shunted across the 
contact points of the timer, but is located in the coil. 


The lighting and ignition switch (type K.V.B.) 
is combined with the Connecticut automatic thermo- 
stat ignition switch; a front and rear view is shown 
in Fig. 6° It has two buttons. 


When the button at the left is pushed in, the 
ignition is “on.” When it is pulled out, the ignition 
is “off.” 

When the button at the right is pushed all the way 
in, the headlights will burn “dim,” as the dimmer 
resistance (RS) is in series with the circuit. | When 
pulled all the way out, the headlights will burn 
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“bright,” as the resistance (RS) is then cut out of 
the circuit. When placed in the center, the lights 
are “out.” 


The fuse for the lights is under the hood on the 
right side, and a fuse for the horn is on the left side. 
Tf all lights fail to burn or the horn fails to operate, 
see if the fuse is blown. The fuses are 7 volt, 10 
ampere enclosed No. 1 type, di. 14” x 5%” glass 
tube. 


Timing ignition (Dort). Open priming cocks. 
Turn starting crank until 1 and 4DC (cylinders No. 
1 and 4 are on dead center of compression stroke) 
appears on the flywheel and is in line with the center 


mark on the crank case; then turn flywheel 1’ past 


this dead-center line. 


Retard the spark lever and loosen the set screw on 
the distributor shaft. 


Push in the ignition-switch button. Disconnect 
the spark-plug wire on cylinder No. 1, and place it 
so that the terminal may be about 1/16” from the 
metallic part of the spark plug. 


Turn the distributor shaft very slowly, in a clock- 
wise direction, till a spark is seen between the spark 
plug and the wire terminal, and stop. 


Screw securely the set screw on the distributor 
shaft, put the handles of the priming cups in a verti- 
cal position, and the spark is correctly timed. 


The firing order is 1, 3, 4, 2, and the wires to spark 
plugs should be attached to the distributor in this 
order. No. 1 cylinder is the one next to the fan. 
Spark plug is 74-18 thread, and the gap should be 
022” to .025”. 


The generator shown in Fig. 6 (which is the electric diagram 
on the Dort) is the Westinghouse, using a third-brush regula- 
tion with a cut-out switch (reverse-current type) contained in 
the generator. Note that one terminal of the generator is 
grounded, likewise the (—) terminal of the battery. When 
starting, the ignition current is taken from the battery. After 
starting, and generator gains sufficient speed (8 or 9 miles per 
hour car speed), and then the generator supplies current for 
ignition and charges the battery. The generator produces 
12 to. 15 amperes at 18 miles per hour. At higher speeds the 
charging rate decreases shghtly. 


The starting motor (not shown) is located on the left side of 
the engine, at the rear. It is fitted with a Bendix drive which 
automatically engages and disengages the fly-wheel gear, as 
explained in the instruction on starting motors. One terminal 
of the starting motor is grounded, the other terminal connects 
with the starter switch, from the starter switch to battery (+), 
through the battery to ground, 


Secondary 


Fig. 134 


Fig. 183. The Connecticut models ‘14” and “15,” high- 
magnetic thermostat switch, 


Fig. 13A. Top view of the closed-circuit interrupter or contact-breaker, 


in Fig. 6, but insulated. 


spark gap 
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Renewing Interrupter Points 


To dissassemble interrupter (timer), model 16: 
first, unclamp the spring and remove the distributor 
cover (Fig. 9); second, remove the distributor arm 
(Fig. 10); third, unscrew the retaining screws (Fig. 
11); fourth, lift the breaker-plate, unscrew nut and 
loosen the primary wire. Install new breaker plate 
(Fig. 12). After installing a new breaker-plate, 
which is always necessary when renewing inter- 
rupter points, reassemble and adjust. 


Interrupter (Timer) Adjustment 


The opening of contact-points should be .016” 
for a six-cylinder engine, .020” for a four-cylinder, 
and .012’" for an eight-cylinder engine. When 
adjusting, the roller should rest on the point of 
the cam. Set spark-plug gap .022” to .025”. 


Connecticut Ignition; Models 14 and 15; 
Closed-Circuit System 


This ignition system was used on many of the 
Overland cars. The thermostat switch was con- 
trolled by magnets and enclosed in rear of a switch 
mounted on the dash. In many of the Overland 
cars this switch, called a “combination switch” 
box, was placed on the steering column. 


Switch 


THERMOSTATIC, 
CIRCUIT BREAKER 


STORAGE BATTERY 


‘Fie. 13 


tension non-vibrating coil, closed-circuit ignition System, using a 


Note that the interrupter is not grounded, ag 
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The timer or interrupter (Figs. 13 and 13A) is 
the model 14 and 15, where both contact points (U), 
one on arm (A), the other on arm (B), are insulated 
from each other and two wires connect with termi- 
nals (T) and T1) from coil, battery, and switch. 
(R) is a fiber roller and (C) a cam, which turns at 
one-half the engine speed and has as many lobes as 
there are cylinders. Both contact-points are nor- 
mally closed until separated by cam (C). It is thus 
a closed-circuit type. 


The distributor sets above the timer, and the 
rotor or distributor arm sets on top of the cam shaft 
and revolves at the same speed as the timer cam. 
The rotor in models 14 and 15 is of the ‘‘brush-type” 
contact (R), which makes a wiping contact. 


_ The model 16 timer-distributor (Fig. 6) is very 
similar, except, instead of having two binding-posts 
to the timer, there is one binding-post and a wire, 
end the distributor rotor (or arm) is of the “gap- 

ype. 


The coil is a non-vibrating type. A safety-gap 
is provided to protect the coil from liability to a 
puncture of the winding insulation if the spark plug 
or secondary wires come loose. 


The switch on this system isthe model G. When 
(B) button is pressed, the storage battery supplies 
current for ignition. When (M) button is pressed, 
the magneto supplies current for ignition. When 
the lower button is pressed, it will release either of 
the above, whichever may be in. 


The thermostat, as explained below and also 
shown at the right in Fig. 13, is contained in the 
back of the switch. This switch is now seldom 
used except where magneto ignition is employed. 
The switch below is the model 41Y ignition and 
lighting switch with thermostat. Where a genera- 
tor is on the car, it is connected with a separate cut- 
out, between battery and switch. 


The thermostat consists of blade (T) (see Figs. 13 
and 14), which heats when current passes through it 
' for from 30 seconds to 4 minutes without interrup- 
tion, and causes it to bend to contact with (L). 


LIGHTING 
SWitcH 


DIMMER 


IGNITION SWITCH 


Fig. 14. Connecticut magnetic thermostat switch (early 
model, as used in Fig. 13). An automatic thermostat in the 
Connecticut system breaks the circuit in the event that the 
switch is left in the ‘‘on” position with the motor idle. The 
light switch and dimmer are housed at the right. 


This completes an electrical circuit which ener- 
gizes the magnets (M), causing releasing hammer 
(K) to operate like the clapper in an electric bell. 
This arm strikes against a plate (P) which releases 
whichever of the two ignition switch buttons in 
switch may be depressed or ‘‘on,” ‘The thermostat 
can be set to act from 4 to 4 min. 
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An adjusting screw (Fig. 13, right illustration) is 
provided directly over the thermostat spring (T) 
which regulates the time. If the thermostat was 
made to disconnect in less than 30 seconds it would 
probably “kick-off”? when putting on ignition, before 
the engine could be started. 


The condenser (C) (Fig. 13) is located in the coil, 
but by tracing the coil primary circuit it will be 
ee that it is shunted across the timer contact 
points. 


Example of Timing Connecticut Ignition 
System 


To time the breaker and distributor six-cylinder 
engine as example): When replacing, if for any cause 
it becomes necessary to remove the breaker and dis- 
tributor, crank the engine by hand until the piston 
of No. 1 cylinder (first from front end of car) comes 
up on its compression stroke, and stop when the 1-6 
mark on the flywheel is on top in a line with the fly- 
wheel indicator. At this point the piston is at the 
uppermost point of the compression stroke or ‘‘dead 
center.” You can determine when the piston is 
coming up on the compression stroke by opening 
the relief cock on the cylinder and holding your finger 
over the opening. 


Now advance the spark lever on the steering 
wheel one-quarter of the way. Remove the dis- 
tributor cap, then set the combination breaker and 
distributor on the driving shaft with set screws 
loose; connect the advance lever, turn the hub on 
the shaft in the direction of rotation (counter- 
clockwise) until the contact points are just opening, 
which is the point at which the spark takes place; 
then tighten the hub set screws. 


Now replace the distributor cap, carefully notic- 
ing which segment of the distributor brush is 
opposite, for this is the connection to the spark plug 
of No. 1 cylinder. Now connect up the balance of 
the spark plugs in their firing order—t, 5, 3, 6, 2, 4. 


The Chevrolet timing: Place the piston on top of 
the compression stroke. Retard spark, loosen set 
screw and turn igniter unit until contact points are 
just opening, which is the point for spark. Tighten 
the set screw. The firing order is 1, 2, 4,3. ‘There- 
fore connect the plug terminals accordingly. 


See also Index under ‘Lexington ignition timing,’”’ which is 
another example of the Connecticut system. 


Testing Ignition Circuits and Parts 


Testing coil: In order to determine if the coil is 
operating properly, secure a piece of wire and, hold- 
ing one end to the frame of the car, engine casting, 
or other metallic “ground,” bring the other end to 
within one-quarter inch from the point where the 
high-tension wire (running from the coil to the 
central terminal of the distributor) leads from the 
coil, and turn the engine over by hand with the switch 
on. If aspark occurs at this point and not at the dis- 
tributor, the trouble is in the high-tension wire 
which leads from the coil to the distributor. If, 
however, no spark occurs at either point, see if the 
safety gap in the top of the coil is wet. In this case 
dry out the coil for several hours in a warm oven. 
The safety gap may be observed by removing the 
cover on the top of the coil. 


1To suit individual requirements it may be necessary to 
advance the ignition slightly when timing, if greater speed is 
required, or to retard it slightly for very slow running. This is 
done by loosening set screw and turning timer, with rotation 
of shaft if it is found to be timed early—or against rotation if 
it is found to be timed late. 
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The thermostat (or ignition resistance unit in 
other systems) would cause missing if burned out. 


The condenser, if shorted, will cause a weak spark. 
These subjects are treated farther on. 


If this does not correct the trouble and the pri- 
mary circuit is intact, it is evident that the coil 
should be replaced or returned for repairs. 


Tt is a good plan regularly to examine the clamp- 
ing rods holding the coil to the generator, tightening 
when needed to prevent vibration from loosening 
the terminals or breaking them. 


Test of primary circuit: When testing the primary 
circuit, there are practically only two things to be 
taken into consideration, namely, the condition of 
the contact points in the breaker box and the wiring. 


DYKE’S INSTRUCTION No. 19 


When tracing the primary circuit, first see if any 
of the fuses have “blown,” then trace all the wiring 
of the ignition circuit. 


Testing ignition switch: In order to test the 
switch and determine if current flows through it, 
attach a wire to the negative terminal on the storage 
battery and remove the wire from the terminal on 
the coil. Then push the ignition button on the left 
end of the switch in and make and break the circuit 
with the two wires by touching their free ends 
together. If a spark occurs, there is a circuit 
through the switch. If asparkis not obtained, there 
is doubtless an open circuit in the interior; therefore 
it should be returned for repairs. 


(The address of the Connecticut Tel. and Electric 
Co. is Meriden, Conn.) - 


ATWATER KENT OPEN-CIRCUIT IGNITION SYSTEM 


As an example of a coil and battery ignition sys- 
tem, using an open-circuit timer system of ignition, 
we will take the Atwater-Kent type K2 open-circuit 
system. (This concern also manufactures a closed- 
circuit system, as illustrated on page 205.) 


The distributor and timer (called the Unisparker) 
is illustrated in Figs. 1 to 7. It consists of a timer 
with its contact breaker, or ‘‘maker,’’ which would 
be more appropriate, mounted on the timer shaft, 
but independent of each other. 


The timer is illustrated in Fig. 3. 
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The parts consist of: (1) the distributor and 
timer, which is called the Unisparker; (2) the coil, 
which consists of a simple primary and secondary 
winding, sealed in an insulated cylinder; the coil has 
no vibrators, contacts, or other moving parts; (3) 
the depolarizer switch; (4) the automatic spark 
advance. 


The function of the Atwater-Kent ignition system 
is to produce a single hot spark for each power- 
impulse of the engine, accurately timed to occur at 
the right instant to produce the greatest possible 
power and efficiency. 
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The timer shaft is a half-inch shaft, driven usually 
from the cam shaft and at cam-shaft speed. It is 
also quite often mounted on the generator and 
driven from it, as shown on page 210. It should 
ee be installed in the coolest location avail- 
able. 


The contact points in the timer (Fig. 3) do not 
touch except during the brief instant of the spark. 
The ignition circuit is therefore normally open and 
no current flows, even though the ignition switch 
be left ‘‘closed.”” This dispenses with the use of a 
resistance unit, or thermostat. 


_ Where the hand-spark control lever is also used, 
it should be so proportioned as to give not more than 
one-quarter to one-half inch of movement for the 
entire range of the spark lever on the steering-wheel 
sector. 


Range of spark advance: The high-tension dis- 
tributor is carried on a central shaft, which connects 
below the governor, so that the distributor block is 
not moved by the automatic advance mechanism. 
This permits of a wide range of spark advance with- 
out affecting the synchronism. The maximum 
advance is about 45° of crank-shaft travel, at 2,400 
r.p.m. 


The source of electric supply for this system, also 
all other systems of this kind, is from the storage 
battery. The storage battery, as previously 
explained, is charged from an electric generator 
run from the engine. 


The current consumption is very small, but the 
strength or pressure of current as required by the 
coil is necessary for a single-spark system. There- 
fore keep the battery fully charged at all times. 


In case of an emergency, dry cells can be used. 
connected six in series. 


Adjusting A.K. Open-Circuit Timer 


Adjustment of the gap between contact-points 
should be .010”, when the lifter (D) (Fig. 3), is in 
the notch. This adjustment can be made by 
placing more or less thin shim washers (see W), 
(Fig. 3) on the contact screw. 


When taking up this distance between points, 
arising from natural wear, remove both screws and 
dress with a very fine file; then replace and shim up 
to .010’. The points are made of tungsten steel, 
which is very hard. 


Remember that when the points are working 
properly, small particles of tungsten will be carried 
from one point to the other, forming a roughness 
of a dark gray color. This, however, does not In 
any way affect the working of the points, as the 
rough surfaces fit each other perfectly. The spark- 
plug gap should be .025”. 


Do not think that the parts of the timer (Figs. 
8 to 11) do not work properly because you cannot 
see their movement. The contact maker of the 
Unisparker may be likened to a watch, which, be- 
cause of the small size and extreme accuracy and 
hardness of its moving parts, is subject to very little 
wear. Don’t change the tension of spring or alter 
the parts. 


Polarity Switch 


The polarity switch, also termed a “pole-changing 
switch” and “depolarizing switch,” is intended to 
prevent the points on (B) and (C) (Fig. 3) from 
becoming worn and pitted. “Direct” current 1s 
used, which has a tendency to burn and pit the 


points, whereas an alternating current is much 
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easier on the points. Therefore the purpose and 
principle of this style of switch is to alternate the 
flow of current from (N) to (S) and (S) to (N), or 
from positive to negative and negative to positive. 


As stated above, “direct” current is used with all 
battery systems; therefore a steady flow in one 
direction has a tendency to deposit the metal from 
one point to the other—but by changing this flow of 
current occasionally, the deposit will be put back 
to the other point again. This is similar to electro- 
plating. 


Note the action of the polarity switch (Fig. 5): (C) 
to (A) is now flowing positive, and (D) to (B) is flowing 
negative. By turning the switch one-quarter turn, 
the poles are changed; (C) to (D) will become posi- 
tive and (A) to (B) will become negative. ‘This 
change is made occasionally when running, and has 
a tendency to keep the contact points clean. 


Automatic Governor 


The governor (Figs. 6 and 7) is mounted directly 
under the timer. One arm of the governor (G1), is 
attached to the upper part of the timer shaft which 
is free to advance with the action of the governor. 
The other arm of the governor automatically 
advances the time of spark as the speed of the engine 
increases, by centrifugal action of the governor 
weights (GW), as shown. Note the position of the 
end of the timer shaft (A), at retard (Fig. 6), and 
advance (Fig. 7). Note that at “retard,” the 
governor arm (G1) is at (C), whereas at full speed 
it has advanced to (D) (marks shown on left-hand 
side of housing). 


Explanation of the Automatic Advance 
of Spark 


Governor: The Delco, Remy, Atwater Kent, and 
many other systems employ a mechanical governor 
for advancing the spark when the engine is speeded. 
A governor of the centrifugal type is usually 
employed, but of slightly different construction on 
different systems. The purpose of the governor is 
to cause the timer notched shaft to turn in the 
direction of rotation, causing the contact to make 
and break earlier as the speed increases. 


For instance, refer to Fig. 6, page 202. Assume 
that the engine is running slow and that the governor 
is in retarded position. Note the position of the 
notch (A) and the governor weights at the top of 
the timer shaft. If the engine is speeded up, the 
governor weights (GW) fly outward (Fig. 7), caus- 
ing the timer shaft to turn a farther advance in the 
direction of rotation. It is clear that the contact 
would be made earlier at contact points. The top 
of the timer shaft is driven through the governor 
arm—(G1) (Fig. 2); thus as weights (GW, Fig. 7) 
are forced outward by centrifugal force, (G1) moves 
the timer shaft (Fig. 2) in the direction of rotation. 


The automatic spark control is for the purpose of 
securing the proper control due to variations in 
speed alone, and all that is required for normal 
driving is to secure the proper spark control for 
slow driving from 10 to 15 miles per hour (set the 
spark lever about two-thirds advanced), and the 
automatic feature will give the proper spark position 
for all higher speeds and for all lower speeds, except- 
ing when the throttle is wide open, at which time 
the spark lever should be slightly retarded. 


The advantage of the automatic spark advance, 
as further explained is this: With the spark lever 
set at the running position on the steering wheel, 
the “automatic” feature gives the proper spark for 
all speeds excepting a wide-open throttle at low 
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speeds, at which time the spark lever should be 
slightly retarded. When the ignition is too far 
advanced, it causes loss of power and a knocking 
sound within the engine. With too late a spark 
there is a loss of power (which is usually not noticed 
excepting by an experienced driver or one very 
familiar with the car), and heating of the engine 
and excessive consumption of fuel are the results. 


Manual and Hand Advance of Spark 


In addition to the governor advance—the dis- 
tributor housing can also be advanced by hand, the 
two working independent of each other (see Fig. 3). 
(L) is connected with the spark lever on the steering 
wheel. This is termed “manual control.” 


The manual or hand control is for the purpose of 
securing the proper ignition control for carburetor 
adjusting, slow idling, retard for starting, and 
variable conditions which cannot be held constant. 
See explanation below. 


The reason for using the manual (hand) control 
of spark, where a system is equipped with an auto- 
matic advance, is as follows: a heavy charge burns 
quicker than a light one. For this reason the 
engine will stand more advance with a half-open 
throttle than with a wide-open throttle. The hand 
control is therefore installed in order to secure the 
proper timing of the ignition due to these variations 
and to retard the spark for “starting,” “idling,” and 
“carburetor adjusting.” 


The automatic advance mechanism varies slightly 
in construction on different makes, but almost all 
are of the centrifugal type. 


When starting the engine, where ignition is 
manual and with automatic advance, the spark 
lever should be retarded. After starting, move the 
hand spark lever to a position on the quadrant on 
top of the steering wheel, known as “driving posi- 
tion.” It can then be advanced or retarded as 
occasion demands. 


Operation of [the Atwater Kent Open-Circuit 
imer 


The operation of the timer: This consists of a 
pair of contact points, normally open, which are con- 
nected in series with a battery and the primary 
circuit of a simple non-vibrating induction coil. 


A hardened steel latch, against which the trigger 
strikes on its recoil and which in turn operates the 
contact points, completes the device (see Figs. 8, 9, 
10 and 11), 


The distributor forms the upper part of the Uni- 
sparker; the high-tension current from the coil is 
conveyed by the rotating distributor block arm (DA) 
(Fig. 2), thence to the spark plugs in their proper 
order of firing. 


Fig. 7A. Illustrating the distributor and timer unit a; 
shown in Fig. 2. Termed the “Unisparker,”’ i 
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The distributor, which distributes the current to 
the spark plugs (six, in this instance) in their respec- 
tive firing order of 1, 4, 2, 6, 3, 5, is mounted on the 
upper end of the shaft. The distributor arm (DA), 
revolves with the timer shaft and passes the high- 
tension current to the terminals of the distributor. 
As six sparks are required per revolution, there are 
six notches on the timer cam, and the distributor 
points are spaced 60° apart. Fig. 7A shows the 
parts of the distributor. A secondary cable of 5/16” 
outside diameter is used for the secondary circuit. 


Gap type distributor: ‘The distributor arm (DA, 
Fig. 2) does not touch the contacts above it, but 
passes close to them (gap .010 in.) as it revolves, and 
the high-tension current jumps the slight gap. Itis 
therefore termed a “gap-type” distributor. 


CONTACT , 
SCREW 


LIFTER 


CONTACT 4 
LIFTER 


SPRING 


Fig. 9. 


Fig. 10. Contact made. Fig. 11. Contact broken. 


Figs. 8, 9, 10, and 11. 
operation, 


Atwater Kent open-circuit timer 
Figs. 8, 9, 10, and 11 show the operation of the 
Atwater-Kent open-circuit timer clearly. 


+ In returning, it strikes against the latch, 
throwing this against the contact spring and closing 
the contact for a very brief instant—far too quickly 
for the eye to follow the movement (Fig. 10). Note 
that the circuit is closed only during the instant of 
the spark. 


Fig. 11 shows the lifter ready to b 
by the next notch, y 0 be pulled forward 


The ignition coil (Fig. 4) is a box-type coil with 
Secondary and a primary winding. The primary 
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current (6 volts), coming from the battery or genera- 
tor, is carried through a pole-changing switch (Fig. 
5) through timer contacts, where the current is 
opened and closed at the proper time by the contact 
arm (D) (Fig. 3) coming in contact with notches 
(N, Fig. 2), which raises latch (E), causing contacts 
(B and C), which are insulated from each other, to 
come in contact, thereby closing the primary circuit 
in the coil. This causes a secondary current to be 
set up in the secondary winding of high voltage. 
This secondary current is then distributed to the 
spark plugs by the distributor. (Cylindrical type 
coil is now used.) 


The condenser in this system, using the box-type 
coil, is mounted in the coil, as shown in Fig. 4. The 
condenser is connected or shunted across the timer 
contact points. 


Where a cylindrical type of coil is used, the con- 
denser is mounted on the timer (Fig. 12A), and 
connects across the timer contact points. 
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A box-type coil is the type as shown in Fig. 4, 
page 202. 

A cylindrical type coil is the type shown in Fig. 14, 
this page. 


Fig. 12. Atwater Kent open-circuit timer, as shown in Fig. 
3, The condenser is in the coil box (Fig. 4). 

Fig. 12A. INSEL open-circuit timer with condenser mounted 
onthe timer. In this instance a cylindrical type of coil is used. 


THE ATWATER-KENT CLOSED-CIRCUIT IGNITION SYSTEM 


The closed-circuit system is similar in many 
respects to the open-circuit system, except that the 
timer, or interrupter, is constructed differently. 
The points are normally closed instead of open. 
This system is termed the type “CC.” When it is 
equipped with a governor or automatic advance it 
is termed the type ‘‘CA.” 


When using a closed-circuit timer, it is necessary 
to use resistance in connection with the primary 
winding of the coil, else the coil might be damaged 
if the switch was left on when the engine is not run- 
ning, as the timer points are normally closed. The 
resistance unit also protects the coil during varia- 
tions of speed of the generator, which slightly 
increases in voltage at high speeds, when the genera- 
tor supplies current for ignition. At low speeds 
the battery (6 volts) supplies current for ignition. 


At medium and high speeds the generator supplies 
current for ignition (about 8 or 9 volts). 


Base Plate 
Screw 
Contact Maker 

Base Plate 


ontact Arm 


Stationary 
Contact, 


Condenser 
INSIDE 


Fig. 13. Top view of Atwater Kent type “CC” closed- 
circuit timer (also called interrupter and contact-breaker). 


The closed-circuit timer (we will term it an ‘‘inter- 
rupter,”’ because it interrupts the flow of current 
in the primary winding instead of first closing and 
then opening) is shown in Fig. 13. Contacts are 
normally closed by a spring on the contact arm. 
Rotation of cam brings it in contact with a fibre tip 


on contact arm (A), thus separating contact-points 
(P) and breaking the circuit, at which instant the 
coil delivers the strongest current). 


DISTRIBUTOR SCREW AND Sg 


MADE 
OF NON- 
EONDUCTING MATERIAL 


Fig. 13A. Top and side view of the distributor rotor which 
is placed on the top of the cam (Fig. 13), and serves to distribute 
the secondary current to the spark plugs in a manner similar 
to (DA) (Fig. 2). 


Adjustment of the interrupter points on a closed- 
circuit system can be made by loosening screw (S) 
(Fig. 13) and moving arm (B). 

The gap between contact points should be .006’’; 
the spark-plug gap, .025’’. 

The wiring of the AK closed-circuit system is 
shown in illustration below (Fig. 14). 


TO PLUG 


TO PLUG 


IGNITION CO/L 
CYLINDRICAL TYPE 


INTERRUPTER [Anat on C) 
CLosep circuit: CeveR 


TYPE 
GROUND wee 
a Das 


ae BATTERY 


i 
a 


a 


INSULATED & 
ADJUSTABLE 
CONTACT 

CONDENSER 
COVER on 
INSULATED ==GT 


CONTACT MAKER — CONDENSER GROUNDED 


BuO! REN TO BASE PLATE ATA 


GROUND 


Fig. 14. Wiring of the Atwater Kent closed-circuit ignition 
system. Note that a cylindrical type of coil is used. 
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Circuit of the AK closed-circuit interrupter and 
distributor (Fig. 14): Note one wire from the timer 
and one wire from the battery is grounded; there- 
fore it is a “single-wire’ system. The open or 
closed-circuit system could also use either a “single” 
or “‘two-wire” system. 


To trace the primary circuit, start at the switch, 
follow the black line to the insulated terminal (4), 
then to the insulated contact point through grounded 
contact point to grounded terminal, to ground (GT), 
to ground on battery (GB). (Note that the con. 
denser connects across the contact points.) 


To trace the secondary circuit, start at (S1) 
thence to distributor rotor, through spark plug to 
ground (SG). 


The Atwater Kent Condenser 


The condenser on the type “CC” closed-circuit 
system, instead of being in the coil, is located on 
the interrupter (Figs. 13 and 14). Note the circuit 
in Fig. 14. The condenser short-circuits across the 
timer contact-points for reasons stated on page 190. 


To understand how the condenser is connected, 
see Figs. 14, 15, and 16. A metal cover (Fig. 15) 
is placed over the condenser to protect it, and to 
this is attached the insulated contact-point of the 
interrupter. 


Stationary Corts 
cactus 


Cond 


<>) 


Fig. 15 


Base Casting, / 


Fig. 16 


Figs. 15, 16. Sequence of operations in installing condenser: 
(1) insulated washer placed in osition; (2) condenser placed 
in pocket; (3) insulated was er laid on top of condenser 
terminal; (4) condenser cover placed in position; (5 and 6) 
ae Screws put in; (7) Note that contact adjustment ig 


This condenser cover is insulated from the base 
of the interrupter by screws 5 and 6 which have 
insulated washers on them. 


Note the terminals (A) and (B) of the condenser 
(Fig. 16). Terminal (A) is grounded to base (C) of 
the timer below It, then an insulated washer (8) is 
placed over (A). The other terminal (B) has an 
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insulated washer (1) under it to insulate terminal 
(B) from the base. Cover (4) is then placed over 
the condenser and terminal (B) makes contact with 
the cover. We then have one terminal (A) of the 
condenser grounded to base (C) and the other 
terminal (B) connected with cover (4) which ig 
insulated from the base. The circuit would then 
be as shown in Fig. 14. 


It is seldom necessary to remove the condenser, but ifignition 
fails in case the timer should become water-soaked, feel the 
coil, with switch on. It should show some heat from current 
passing through resistance unit in the coil. You will then 
know that current is passing through the coil all right; there- 
fore open the switch. Then remove the distributor cover and 
condenser cover and clean all contacts and screws and replace 
the condenser cover; also wipe water from the other parts and 
wires. Theignition may also fail by these screws coming loose; 
however, this seldom happens, but if ignition fails, and you 
know that current is passing through the coil, and if no spark 
can be obtained, then this might be investigated. 


Oil: Use light machine oil at points shown by the lines 
on the open-circuit timer (Figs. 12 and 12A). Oil lightly 
about every 1,000 miles. See that the contact-breaker points 
are free from oil. 


Testing 


If the engine misses without regard to speed, test each 
cylinder separately by short-circuiting the plug with a screw 


driver, allowing a spark to jump. If all cylinders produce a 


good, regular spark, the trouble 1s not with the ignition. 


If any one cylinder sparks regularly, this will indi cate that 
the system is in working order, so far as the Unisparker and 
coil are concerned, and the trouble is probably in the high- 
tension wiring between the distributor and plugs, or in the 
plugs themselves. i J iri 
Leaky secondary wiring is frequently the cause of missing and 
back-firing. 


Frequently, when high-tension wires are run from the dis- 
tributor. to the spark plugs through metal or fiber tubing, 


Wherever possible, the distributor wires should be separated 
by at least half an inch of space, and should be supported by 
brackets or insulators vather than run through a tube. In no 
case should the main distributor wire be run through a conduit 
with the other wires. 


If irregular Sparking is noted at all plugs, examine first the 
battery and connections therefrom. If the trouble commences 
suddenly, it is probably due to a loose connection in the wiring. 
If gradually, the batteries may be weakening or the contact 
points may require attention. 


bright, and also that the moving parts are not gummed with 
oil or rusted, 


Timing Atwater Kent Ignition System—Open 
and Closed-Circuit Type 


Open-circuit type when hand-spark control is not 
used (automatic advance) : First, place the piston 
of No. 1 cylinder on top of the compression stroke. 
Second, slowly turn the Unisparker backwards until 
a click is heard, which is the exact instant of the 
Spark. Third, tighten the set screw on the timer 
shaft which was loosened when starting to time, Be 
careful not to change position. Fourth, remove the 
distributor cover and note the position of the dis- 
tributor block or rotor. It should be on the terminal 
for No. 1 cylinder. Then see if the wires from the 
distributor are connected properly, in accordance 
with the firing order of the cylinders, keeping in 
mind the direction in which the rotor turns. 


The spark set thus, is on top-dead-center re- 
tarded, and the governor action will take care of 
the advance as the Speed increases, 


The closed-circuit type when the hand-spark 
control is not used (automatic advance): The timing 
is the same as above, except that the timer should 
be turned backwards until the contact-points com- 
mence to open. As they open the Spark occurs, A 
good way to test is to have spark plugs on top of 
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the cylinders and current on, so that the spark can 
be seen at points of plugs. If the timer with auto- 
matic advance is used in connection with the regular 
spark lever on the steering wheel, then do not give 
over five-eighths or three-quarters of an inch move- 
ment of the timer from full retard to full advance. 


Open-circuit type with hand-spark control: The 
setting is the same, except that the position of the 
spark-advance lever on the steering wheel should be 
within half an inch of full retard and the lug on the 
timer should have three-eighths to one-half an inch 
movement from full retard to full advance. After 
retarding the spark lever to within one-half an inch 
full retard, then with the driving member loose, and 
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piston on top of the compression stroke, turn back- 
wards until a click is heard, at which point set the, 
timer. Then see ‘Fourth’ procedure above. 


Closed-circuit type with hand-spark control: 
Same as above, except that the timer is turned 
backwards until contact points commence to open, 
at which point set the timer by set screw or clamp, 
or if driven by a shaft on which the timer cannot be 
loosened, then the setting can be made with the 
advance lever shaft or drive gears loosened. The 
lug on the timer should have seven-eighths to one 
inch movement from full retard to full advance. 
(The address of the Atwater-Kent Mfg. Co. is 
Philadelphia, Pa.) 


THE WESTINGHOUSE VERTICAL IGNITION SYSTEM 


The Westinghouse battery and coil vertical type 
ignition system (Mig. 17) is of the closed-circuit type. 


= To Spark Plugs 


/gnition 
Switch 


<) 


jee 
~ 
VA ~ 


= GROUND From Battery 


Fig. 17. Westinghouse high-tension non-vibrating coil, closed- 
circuit ignition system. 


The timer-distributor unit is vertically mounted 
and is operated from the cam shaft or can be 
attached to the generator, as all other systems of 
this type can be. Only hand-operated advance 18 
provided. 

The condenser is mounted close to the breaker 
mechanism, being below the coil and distributor. 
Note the condenser, coil, and contact-breaker are 
all in one unit. 


DISTRIBUTOR PLATE 


DISTRIBUTOR 
BRUSH ARM 


DISTRIBUTOR BRUSH 
Fig. 17A. Distributor plate and distributor brush. 


A metal ring can be slipped upward so as to 
permit of inspection or adjustment of the several 
contacts. 


The distributor (Fig. 17A) is the same as that 
used in the regular Westinghouse systems in which 
a circular carbon brush on the distributor brush arm 
makes contact with terminals embedded in the cover 
of the distributor plate. 


The standard ignition switch is of the snap type 
and combines the lighting switches in one plate 
which is mounted flush on the dash. Each time 
the ignition switch is turned, the polarity of the cur- 


rent is reversed. On this account, it would be 
termed a polarity or “pole-changing” switch. 


In the back of the switch plate there is what is 
termed a “ballast coil.” This is a small resistance 
in series with the final winding, and is intended to 


‘ protect the winding and prevent excessive drain on 


the battery, in case the engine should at any time 
remain idle with the switch in the ‘“‘on” position. Ii 
this ‘ballast coil” should at any time be accidentally 
broken the ballast terminals may be temporarily 
short-circuited with a piece of wire or with a 
standard 5-amp. fuse, as will be understood by an 
examination of Fig. 17. 


Westinghouse adjustment: In adjusting the 
breaker the contacts should be dressed with a fine 
fle and should be so adjusted that the maximum 
opening of the interrupter contact points is .012”, 
as shown in Fig. 18. The spark-plug gaps should 
jerey Oa" 
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CONTACT- 
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FIBRE BUMPER (NDUCTION COIL 
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Fig. 18. Contact-breaker or interrupter with condenser. 


Fig. 18A (right). The double-wound, high-tension ignition 
coil winding shown as (S) in Fig. 17. 

This cam (Fig. 18) has four high points; therefore it is 
intended for a four-cylinder engine. ‘These high points will 
raise the contact-breaker arm, or interrupter arm, four times 
during one revolution of the cam. 

We can thus tell that this is a closed-circuit ignition system 
by observing the interrupter points or contacts and the cam— 
because, normally, the contact points are closed and are opened 
by the cam, whereas with an open-circuit ignition system, as 
explained on page 204, the contact points are first closed, then 
opened. 

The Westinghouse Co. makes several different constructions 
of ignition systems. This is only one example. Manufacturers 
are Westinghouse Electric Co., Pittsburgh, Pa. 
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THE BOSCH IGNITION SYSTEM 


One type of the Bosch battery and coil ignition 
system is shown in the illustrations below. The 
distributor and contact-breaker are shown in Figs. 
19 and 20. 


BOSCH TIMER & 
DISTRIBUTOR 


Fig. 19 


The contact-breaker (also called “timer” and 
“Anterrupter’’), is shown in a cross-sectional view in 
Fig. 20. The distributor is mounted above the 
interrupter mechanism. In Fig. 19, a top view of 
the interrupter is shown. 


The contact-breaker arm (A) (Fig. 19), is actuated 
by the high points on cam (C) pressing against a 
fiber block on arm (A), thus separating the contact 
points which are normally closed by the tension of 
the spring. It is thus a closed-circuit type of inter- 
rupter. 


The distributor is fully as simple and is mounted 
directly over the breaker, as shown in Fig. 20. Only 
hand-operated advance of spark is provided. 


The switch (Fig. 21), incorporates a vibrator 
attachment to facilitate starting when the engine is 


cold or the carburetor is out of adjustment. This 
mechanism is controlled by the pointed button in 
the center of the switch plug. Under normal start- 
ing conditions, momentary pressure on the button 
will produce a single spark at the plug. Turning 
the plug to the right and depressing it makes the 
necessary connection to provide a continuous stream 
of sparks at the plug. If desired the button can 
be locked in this position until the engine has 
started. 


ih 
BATTCRY 
Fig. 21 


The switch provides for the use of a magneto, 
the engine running on the magneto with the switch 
in one position and on the battery with the switch in 
the other position. 


Adjustment for the gap at the contacts: With the fiber block 
(Fig. 19) resting on top of the cam, the contacts should be 
separated about .016”. To alter the adjustment the lock nut 
must be released first, and carefully secured after the adjust- 
ment is made. Occasionally expansion of the fiber bushing 
prevents the free movement of the lever, and in this case the 
bore of the bushing can be slightly enlarged with a reamer. 


The spark-plug gap should be .020” to LO257. 


The manufacturers are: American Bosch Magneto Corpn., 
Springfield, Mass. 


REMY DISTRIBUTOR, INTERRUPTER, AND IGNITION COILS 


The waterproof type of Remy distributor and 
interrupter, as used on many different cars is shown 
in Fig. 22. The Remy automatic advance dis- 
tributor is shown on pages 211 and 212. The systems 
are of the closed-circuit type. 


Parts are as follows: (A) Distributor for the 
center terminal connecting with the secondary 
terminal of coil; (B) one of the spark-plug terminals 
of the distributor; note that the lower part (Z) is not 
in contact with (Y), but 1/64” from it; (C) rotor or 


FIBRE BLOCK ON 
CONTACT- BREAKER, 
ARM. 


Fig. 22. Remy distributor and interrupter (contact-breaker). 


segment insulated; (D) lock nuts holding interrup- 
ter cam in place; (E) reference pin; (F) interrupter 
on the contact-breaker cam; (G) fiber block on the 
breaker lever arm; (H) spring with a carbon button 
on the rotor which connects the secondary circuit 
coming in at (A) with the rotor metal plate (Y); 
thus as the rotor (C) revolves, the secondary current 
jumps an air-gap clearance of 1/64” to the spark- 
plug terminal (Z) and other spark-plug terminals 
as it revolves; (K) end of the shaft above the cam 
which the distributor rotor fits over ; (L) pin in cam 
(F) which fits into the under part of the rotor to 
drive it; (S) shaft driven from the engine which 
drives the interrupter cam (F) and rotor (C). Note 
that cam (F) is fitted on top of this shaft (S) which 
is tapered; thus lock nuts (D) force it down; 
te} adjustable metal plate on rotor or segment 


To Check Distributor Settings and How to 
Time When Putting in New Parts 


For distributors with counter-clockwise rotation: 
In observing Fig. 22A, from the top, the cam appears 
to be revolving in a clockwise rotation; however, 
by referring to the standard practice of determining 
rotation (looking from the drive end), it is seen 
really to be rotating counter-clockwise, 


The spark-control lever (I) (Fig. 22A) connects with 
the lever on the steering wheel and should be in a 
fully retarded position after having located the 
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Vig. 22A 


“Clockwise rotation’ is from right to left, in the 


Note. 
same direction as the clock hands rotate. “‘Counter-clockwise”’ 
(or “anti-clockwise”’) is in an opposite direction to clockwise. 
When considering the rotation of ignition devices or generators 
the drive end is the point from which to consider rotation. 


cylinder attached to the terminal (B) (Fig. 22) on 
top of the dead-center compression stroke with the 
distributor coupling connected up. 


(E) is the reference pin (Figs. 22 and 22A) over 
which the reference slot of the distributor cap is set; 
(B) is the exact location of the pin in the distributor 
cap when the distributor cap is installed; therefore, 
always time by bringing the piston in the cylinder 
on top of dead-center of the compression stroke, 
which is attached by high-tension lead to the 
terminal (B), or to the terminal opposite reference 
pin (E). 

Remove the segment or rotor and cam lock nut 
(D) (Fig. 22), and lift the cam. Replace the dis- 
tributor segment (C) in its original position over 
shaft (K) and cam pin (L) with the cam loose. Then 
turn cam (F) around (with distributor shaft station- 
ary) in the direction of rotation until the distributor 
segment (C) is opposite the reference pin (E) with 
one point of the cam (F) against the fiber block (G), 
and the breaker points are just ready to separate. 


Again remove the segment (C) without disturbing 
the setting of the cam, install the cam lock-nut (D), 
tightening it up securely, then install the rotor or 
segment (C) and the distributor cap, being sure that 
all high-tension leads are connected to it, in accord- 
ee with the direction of rotation and of firing- 
order. 


For counter-clockwise distributors use the instruc- 
tions just given, transposing the control position so 
that the segment and cam rotate in the opposite 
direction. 


When installing new high-tension wiring always 
connect cylinder No. 1 to high-tension terminal (B), 
connecting the rest of the cylinders in accordance 
with the direction of rotation, and as per the seg- 
ments and firing order (unless the distributor cap 
is marked otherwise). 


Spark-plug gaps should be .025” to 0300. 


If the engine misses when idling or at light loads, 
the gaps at the plugs should be wider. If the engine 
misses at high speed or when pulling hard, the gaps 
should be narrower. 

The oiler on the shaft should be kept filled with 
medium cup grease and screwed down two or three 
turns occasionally. On some instruments a wick 
oiler is used. In this case use pure vaseline instead 
of grease. 


For adjusting Remy interrupter, see page 211. 


Manufacturers are Remy Electric Co., Anderson, 
Ind. 
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Remy Ignition Coils 


ie Coils are usually classified as ‘‘two-terminal” and 

three-terminal” coils. The designation ‘“two- 
terminal” or “‘three-terminal” applies to the top of 
a Se Ae coil, and not to all of the terminals on 
a coil. 


To Distributor 
Resistance 


RESISTANCE 
UNIT: 


HIGH, TENSION CO}L 
t—§TERMINAL > = 


Fig. 23 Fig. 24 
Fig. 23. Remy two-terminal coil. 
Mig, 24. 
Big: Zo: 


Remy three-terminal coil. 
Side view of Remy ignition coil (cylindrical type). 


A two-terminal ignition coil, top view, is shown in 
Fig. 23, a wiring diagram in Fig. 26, and a top and 
side view in Fig. 25. This coil is known as model 
284B, F, G, and A, and has a condenser in the coil. 


Gl 
CIRCUIT BREAKER 


£44 444 2TERMINAL 


465 362 COIL CIRCUIT 
Fig. 26 
Fig. 26. Circuit of Remy two-terminal coil (grounded con- 
tact-breaker) . 


Fig. 27. Circuit of Remy three-terminal coil (insulated 
contact-breaker). 


STERMINAL 
COIL CIRCUIT 


The primary circuit (Fig. 26) would be from (+) 
of battery, through the ammeter, through the igni- 
tion switch, to terminal 1, through the resistance 
unit, through the primary winding, out terminal 2, 
to the stationary insulated contact point on the 
interrupter, through the points, through the movable 
arm, to ground (G1), to ground of battery (G2), 
thus completing the primary circuit. (This is 
termed a “grounded” system.) 


The condenser is connected across the contact 
points, one end being grounded at (G3). 


The secondary circuit is from the secondary wind- 
ing which is wrapped around the same core as the 
primary, to the center terminal of distributor, to 
the rotor arm of the distributor, to the spark 
plugs, through the frame of the engine to ground 
(G3) of the coil. 


Marks on coils vary. Note that terminal 1 is 
marked “B,”’ meaning to battery, or sometimes 
“SW,” meaning to switch. ‘Terminal 2 is marked 
“T” or “INT,” meaning to timer or interrupter. 
Where a coil has a mark on the terminal as “MAG,” 
it usually means that it is intended to be used in 
connection with a magneto. 


When testing a coil, by connecting with (B) and 
(T), the primary circuit can be tested, including the 
resistance unit. 


PACs 
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The resistance unit can be cut out of the test by 
placing the test point on the screw or terminal (R) 
(Fig. .23). 


When testing the condenser, terminal (T) and 
ground (G3) would be the circuit across the con- 
denser, 


A three-terminal ignition coil is shown in Figs. 24, 
27. Many of the three-terminal coils were used with 
“pole-changing”’ switches, and ‘‘insulated”’ ignition 
systems (meaning that the primary circuit is fully 
msulated, or with two wires to the contact 
breaker). 


The primary circuit (Fig. 27) would be from (+) 
of battery to 1 on switch, through “pole-changing 
switch” blade (B) which, if turned in one direction, 
would connect with 1 and 2 of the switch, thence to 
terminal 1 of the coil, through resistance unit (R), 
through the primary winding, to terminal 2, to 
movable interrupter-contact arm (M), through 
points (PS), back to terminal 3 on coil, thence to 4 
on the pole-ehanging switch, through blade (B1) 
(now disconnected), connecting 4 and 3 together, 
out 3 to ground (G1), to ground terminal (G2) of 
battery (—), thus completing the primary circuit. 
This is termed an “insulated” system. 


If the pole-changing switch was turned in the 
opposite direction, so that blade (B) would connect 
with 1 and 4, and blade (B1) with 3 and 2, the pri- 
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mary circuit would then first go to the stationary 
contact point (S) on the interrupter instead of to 
the movable arm (M). For instance, the primary 
circuit would then be from (+) of battery to 1 on 
the switch, through blade (B) to 4, to terminal 3 of 
the coil, to the stationary contact point (S), through 
the points, out movable arm (M), to 2 on the coil, 
through the primary winding, through resistance 
(R), to coil terminal 1, to switch terminal 2, through 
blade (B1) to 3, to ground (G1), to ground (G2) of 
battery. 


Thus the flow of the primary direct current 
through contact points could be reversed so that it 
would flow first in one direction and then in another 
by moving the switch first one way and then the 
other. This is termed a “pole-changing switch” 
or ‘depolarizing switch,” and a three-terminal coil 
is often used with it. See also Index under ‘‘Wiring 
diagram, Oakland 32,’”’ which clearly shows a pole- 
changing switch. 


The purpose of a pole-changing or depolarizing 
switch is explained on page 203. 


The pole-changing switch is not used very much 
at the present time, because tungsten metal is now 
used for points. It is very hard and does not have 
the electrolytic! effect to such an extent as the silver 
points which were formerly used. Note that the 
condenser is connected across the points with either 
direction of the flow of the current. 


DRIVING THE INTERRUPTER AND DISTRIBUTOR 


One modern method of driving the timer (inter- 
rupter, also called “contact breaker’) and distribu- 
tor, is from the generator shaft, as shown in Fig. 8. 


The generator shaft is driven by gears or by a 
silent chain, encased. The timer shaft is driven 
from the generator shaft by a spiral gear, and is 
geared so that it will run the distributor and timer 
usually at one-half the speed of the crank shaft. 


Quite often the timer and distributor shaft are 
operated from the cam shaft. In fact, there are var- 
ious methods employed, but in most every instance 
it runs at cam-shaft speed (one-half the speed of the 
crank shaft). 
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Fig. 8. Modern method of driving the timer and distributor 
through the generator shaft. 


On the Packard double distributor, explained far- 
ther on, the cam operating the double set of inter- 
rupter contact breakers is driven at crank-shaft 
speed, but a three-lobe cam is used. 


Relation of Speed of Distributor-Rotor, and 
Interrupter Cam to Crank Shaft of Engine 


The crank shaft of the engine must make two 
revolutions (720°), to complete its four-cycle revolu- 
tion. 


The distributor rotor always revolves at cam- 
shaft speed, or half the crank-shaft speed. 


The interrupter cam in all instances except one, 
as on the Packard twelve, revolves at cam-shaft 
speed, or half crank-shaft speed. 


6 
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Four cylinder engine: When the engine crank 
shaft makes 2 revolutions— : 


The interrupter cam (4-lobe) makes 1 revolution 
and makes 4 interruptions of the primary low-tension 
current, 90° apart, or 180° of fly-wheel movement. 
(See Fig. 9.) 


The distributor rotor makes 1 revolution and 
makes 4 high-tension contacts, 90° apart, or 4 sparks. 


1 Electrolytic (electrolysis) refers to the depositin, 
from one point to another, as in electro-plating. Sa 
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Six-cylinder engine: When the engine crank shaft 
makes 2 revolutions— 


The interrupter cam (6-lobe) makes 1 revolution 
and makes 6 low-tension interruptions, 60° apart, or 
120° of fly-wheel movement. (See Fig. 10.) 


The distributor rotor makes 1 revolution and 
makes 6 high-tension contacts, 60° apart, or 6 
sparks. 


Eight-cylinder engine of the ‘“V” type: When 
the engine crank shaft makes 2 revolutions— 


The interrupter cam (8-lobe) makes 1 revolution 
and makes 8 low-tension interruptions, 45° apart, or 
90° of fly-wheel movement. (See Fig. 11.) 


The distributor rotor makes 1 revolution and 
makes 8 high-tension contacts, 45° apart, or 6 sparks. 


Twelve-cylinder engine of “‘V” type: When the 
engine crank shaft makes 2 revolutions, or 720°— 


The interrupter cam (3-lobe) makes 2 revolutions 
(720°), or revolves at crank-shaft speed instead of 
cam-shaft speed; therefore it makes 6 interruptions 


All 


of the low-tension primary circuit 60° apart. There 
being two contact-breaker arms instead of one, 
connected with two separate primary coils, then 
each breaker arm would make 6 interruptions, or 
12 interruptions 30° apart, or 60° of fly-wheel rota- 
tion, during 2 revolutions of the 3-lobe cam. (See 
Fig. 12.) 


Distributor rotor: Note that there are two dis- 
tributors driven at half the speed of the crank shaft; 
therefore each rotor would make one revolution, or 
360°, while the crank shaft made two revolutions. 
Distributor segments are 60° apart, therefore each 
distributor rotor would make six high-tension con- 
tacts during one revolution, or twelve sparks during 
one revolution with both distributors, during which 
time the crank shaft makes two revolutions. 


_With these explanations we have dealt with single 
distributors and single contact breakers, with the 
exception of the twelve-cylinder engine, as explained 
above. 


Attention is called to the Delco double distributors 
and double interrupters, as explained under “Delco 
ignition coils, distributors and interrupters.” 


REMY IGNITION ON STUDEBAKER “LIGHT SIX” 


As an example of a modern method of driving the 
generator and ignition system, the Studebaker 
“Light Six,” model “EJ” engine is used. 


» DISTRIBUTOR & INTERRUPTER 
4 DRIVEN FROM ACCESSORY SHAFT 
WHICH DRIVES DISTRIBUTOR 


ACCESSORY 
HAFT DRIVEN 
LENT CHAIN 


Fig. 1. lees aeationt Fig. 1A. Right side view. 


Figs. 1 and 1A. Studebaker Light-six method of driving 
ignition system. 


The Remy distributor and closed-circuit inter- 
rupter are connected with a vertical shaft which is 
driven from a shaft called the “accessory shaft.” 
The accessory shaft is driven by a silent chain (see 
page 51), which also drives a water-circulating 
pump and generator. 


The speed of the distributor shaft is 1 revolution 
to 2 of the crank shaft of the engine, or at cam-shaft 
speed. 


There are six high points or lobes on the inter- 
rupter cam, and six terminals on the distributor 
(Figs. 2 and 3); therefore, there are six sparks, one 
for each cylinder during two revolutions of the crank 
shaft. 


The distributor and interrupter (Figs. 2 and 3) 
are advanced by a manual control connecting from 
the spark-control lever to the spark lever on the 
steering wheel. An automatic advance is also pro- 


vided, 
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Fig. 2. 


Section of Remy distributor. 


Fig. 3 


The interrupter is of the closed-circuit type. See 
page 208 for construction of the Remy distributor 
and interrupter. 


Adjustment of Remy Interrupter Points 


To check the opening of the breaker points on the 
interrupter, remove the distributor cover, then turn 
the crank shaft over by hand-crank until the contact- 
breaker lever (Fig. 3) rides on one of the high points 
of the cam, then slip a thickness gauge through 
the space between the points. If the opening is 
greater than .025’’, loosen the cam lock nuts and 
turn the contact screw until adjustment is not less 
than .020” nor more than .025”. Be sure to tighten 
the lock nut. 


Contact points should always be flat, and make 
good contact with each other. When they have a 
frosty appearance all over their surface, it indicates 
good contact. If they are not making good contact, 
the surfaces can be smoothed up with a fine file or 
with No. 00 sandpaper and can then be readjusted. 


See also pages 221 and 224 under the subject of _ 
“contact-point surface and removal” and “dressing 
and testing platinum points.” 


By referring to the Index under “Wiring dia- 
grams,” the wiring diagram of the Studebaker Light- 
Six car will be found. This diagram clearly shows 
the ignition circuit, 
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REMY SEMI-AUTOMATIC IGNITION SYSTEM 


This is a recent development of Remy ignition, 
and is similar in many respects to the Remy system 
used on the Studebaker ‘“Light-Six.” 


In the design of the Remy semi-automatic 
distributor there is nothing radically different from 
the manual type that has served so well on the 
many Remy-equipped cars and trucks. 


The condenser mounted on the breaker plate, a 
slight change in the breaker lever, and the addition 
of an automatic control mechanism as illustrated, 
are the only distinguishing features. 


The type of advance used is known to the trade 
as semi-automatic, which means that part of the 
advance is performed automatically and part is 
taken care of manually. Under all ordinary 
driving conditions the advance mechanism adjusts 
the spark position to the engine requirements. 
The hand advance need be used only when a wide- 
open throttle at very low speed, or at maximum 
speed, is desired. 


Contact Point and 
Support Assembly— 
Gap Adjustment is 
Made by Loosening 
Screws and Moving 
Assembly, 


Tungsten Points — 
Gap Should be .023° 
—.025". Clean Points 
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No. 00 Sandpaper sionally. 


Condenser Mounted 
on Breaker Plate. A 


Self Contained Unit minal 


Breaker Plate 
Assembly. 


Automatic Advance 
Mechanism = 


Manual Advance 
Lever. 


Screw 
Lever 


SECTIONAL VIEW OF 
SEMI-AUTOMATIC DISTRIBUTOR 


Contact Lever and 
Point Assembly. 


Cam Surface Should 
Be Robbed With a 
Very Small Amount 
of Vaseline Occa- 


High Tension Dis- 
tributor to Coil) Ter: 


Distributor to Spark 
Plug Terminals 


Distributor Rotor 


Oiler— Distributor 
Should Be Oiled 
Every 500 Miles. 


The automatic advance mechanism is simple. 
Three centrifugal weights advance the cam as the 
speed increases. The cam shaft carries a star- 
shaped punching against which rest the tangs on 
the weights, and as the weights fly outward, due 
to increase in speed, the cam is advanced. 


From normal retard position the weights move 
easily and the spark starts to advance at very low 
speeds. 


The primary circuit is from the battery (+) grounded 
battery terminal, to the grounded contact lever or arm, through 
the points, to the ignition-coil terminal marked ‘‘Timer,’”’ 
through the primary winding, through the resistance unit 
“IGN” on the switch, to the battery (—) terminal. Note 
that this is a two-terminal ignition coil, and the condenser 
is mounted on the breaker plate, placed across the points, 
one end being grounded. The cam which raises the breaker 
contact lever, or arm, has six high points; therefore the one 
shown in this illustration would be for a six-cylinder engine. 


The secondary circuit is from the ignition coil of the 
secondary winding, to the distributor rotor, to the spark-plug 
terminals (note that the gap between rotor and terminals in 
the distributor cap leading to the spark plugs is 1/64”). Note 
that there are six terminal leads from the distributor cap to 
the spark plugs; therefore it would be for a six-cylinder engine. 
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Fig. 4. Descriptive wiring chart of the Remy semi-automatic ignition, together with names of parts and adjustment data 
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DELCO IGNITION: Coils; Distributors and Interrupters 


The Delco distributor might be classified in three 


ways: 


1. Single distributor, with one set of timing contact 
points on the interrupter, using one ignition coil. 


2. Single distributor, with two sets of timing contact 
points on the interrupter (connected in parallel), 
using one ignition coil. 


3. Double distributor, with two sets of timing con- 
tacts, using two ignition coils. 


The following explanations will serve to make the 
foregoing classification clear. 


Delco Ignition Coils 


_ Four general types of non-vibrating, single-spark 
ignition coils have been used. They are: 


1. Round type with straw-colored shell. This type 
does not incorporate either the resistance unit or 
the condenser. 


2. Round type with black shell. This type does not 
incorporate the condenser, but the resistance unit 
is mounted on the outside of the coil shell. 


3. D-type with bakelite shell. Certain of the coils 
carry the resistance unit mounted upon the end 
of the shell. This type does not incorporate 
the condenser. 


4, D-type with black shell. This type incorporates 
the condenser within the shell and the resistance 
unit on the end of the shell. 


Figs. 1 and 2 show the internal circuits in typi- 
cal coils. Note in Fig. 1, that the resistance unit 
1s mounted on the right end of the coil and in Fig. 2, 
it is on top at the right end. 
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THRU SWITCH INTERRUPTER 
TO DISTRIBUTOR 
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SECONDARY RESISTANCE UNIT: 
WINDING 
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Fig. 1. Delco model “2158,” ignition coil with condenser in coil. 


In Fig. 1, note the condenser in the coil which is 
connected across the interrupter points, one end of 
the condenser being connected to terminal 2, and 
the other end grounded. The primary-circuit 
terminals are numbered 1 and 2; the secondary 
terminal is No. 3. 
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Fig. 1A illustrates a grounded ignition circuit 
using a condenser in the coil and a single distributor 
and interrupter. 


RESISTANCE IN17 


(ccerere-- 


CONDENS E 
IN 
CO/L 


CONTACT POINTS 
TO SPARK PLuGs ON INTR. 
Fig. 1A. Circuit when using coil shown in Fig. 1. 


The primary circuit (Fig. 1A) runs from (+) of 
battery, to ignition switch to terminal (1) of the 
coil, through primary winding, through “resistance 
unit,” to coil terminal (2), to the insulated inter- 
rupter contact point, across contact points (P), to 
grounded interrupter contact, to grounded (—) 
terminal of the battery, thus completing the primary 
low-tension circuit. 


The secondary circuit runs from the secondary 
terminal (3) on the coil to the center terminal of 
the distributor, through the rotor, to the spark-plug 
terminals of the distributor, to the spark plug, 
through the spark-plug gap, to the spark-plug shell 
grounded to the engine, through the ground of the 
engine and frame, to the grounded terminal of the 
secondary in-coil, thus completing the secondary 
high-tension circuit. 


FROM BATTERY 
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Fig. 2. Delco model “2159,” ignition coil. Condenser is not 
in coil. 


Movunine Nurs 


In Fig. 2, the condenser is not in this coil. Itis 
located in the interrupter housing, either inside or 
outside, and is connected across the interrupter 
points (P). (This is the coil used on the Buick.) 


The primary circuit (Fig. 2A) runs from (+) of 
battery, to the ignition switch, to the resistance unit 
(1), through the primary winding (P), to the terminal 
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Fig. 2A. Circuit when using coil shown in Fig. 2. 


INTERRUPTER 


(2), to the interrupter points (P), to ground, to 
(—) ground of battery, thus completing the primary 
low-tension circuit. 


The secondary circuit: runs from the secondary 
terminal (3) to the center terminal of the distributor, 
to the spark plugs, to ground on engine and frame, 
to the battery ground (—), through battery (or 
generator, if generator is supplying current instead 
of battery), to the terminal (1) of the coil (+), 
through the primary winding (P), to the secondary 
connection to the primary winding at (S), thus 
completing the high-tension secondary circuit. 


Delco Interrupter with a Single Contact- 
Breaker Using One Coil 


The top view of a Delco closed-circuit interrupter 
with a single contact breaker is shown in Fig. 3. 
The cam in this instance, has 8 high points or lobes 
and revolves at cam-shaft speed; thus 8 interrup- 
tions, or 8 sparks occur during two revolutions of 
the crank shaft of the engine. One spark plug per 
cylinder is used. 


BREAKER CAM 


TERMINAL 
TIMING CONTACTS 


Fig. 3 


Delco Interrupter with Two Contact-Breakers 
Connected in Parallel, Using One Coil 


In Figs. 4, 5, 6, and 6A, note that the closed-circuit 
type interrupters have two interrupters or contact 
breakers operated by one cam. 


One spark plug per cylinder is used and also one 
coil, but two contact points are connected in parallel 
both of which open at one time. The primary 
ignition current which could otherwise flow through 
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only one set of points is divided between the two sets, 
and the resultant wear upon the points is less and 
an additional factor of safety is provided. The 
Marmon, Cadillac, and Cole use this principle. 
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Fig. 4. Delco interrupter with two contact-breakers in 
parallel (top view). 
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Fig. 5. Sectional side view of Delco ignition unit, a t 
view of which is shown in Fig. 4. : 4 e 


The distributor, interrupter, automatic spark 
advance mechanism and the ignition drive shaft are 
shown in Fig. 5. Manual advance of the spark, as 
shown in Fig. 5. Manual advance of the spark, 
controlled by a lever, as well as by an automatic 
advance, are provided for. 


Delco-Cadillac Distributor and Timer 


The Cadillac electric system consists of a Deleo 
starting motor and generator in one unit, which is 
explained in the later discussion of electric systems. 
The wiring is a “single wire” or grounded return sys- 
tem. See Index under “Cadillac wiring diagram.” 


Ignition: The distributor and timer are carried 
on the fan-shaft housing, and are driven through 
a set of spiral gears attached to the fan shaft. The 
distributor consists of a cap or head of insulating 
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Fia. 54—Location of the distributor and timer, and of the 
motor-generator on the Cadillac. 


material, carrying one contact in the center with eight 
additional contacts placed at equal distances about the 
center and a rotor which maintains constant communi- 
cation with the center contact. 


The rotor carries a contact button which serves to 
close the secondary circuit to the spark plug in the 
proper cylinder. 
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Fig. 6. The Delco distributor and timer. The Delco 
electric system as used on the Cadillac. 


Beneath the distributor head and rotor is the timer. 
The timer cam is provided with a lock screw in the 
center of the shaft. (See Figs. 6 and 6A.) 


A manual spark control is provided in addition to the auto- 
matic spark control. The manual spark control is for the pur- 
pose of securing the proper ignition. control for variable condi- 
tions, such as starting, differences in gasoline, weather condi- 
tions, and amount of carbon in. the engine. The automatic 
control is for the purpose of securing the proper ignition control 
necessary for the variation due to engine speed alone. 


- The timer, more properly termed an interrupter, is 
shown in Fig. 6A. It is of the closed-circuit type. 
Note that there are two contact-breaker, or interrupter 
points. The object for using two contact-breaker 
points, is to distribute over two sets of points the cur- 
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Fig. 6A. Delco-Cadillae timer (interrupter) with two con- 
tact-breakers. (A) is the adjusting screw; (B) cam; (C) and 
(D) contact-breaker arms; (E) and (F) breaker points. 


rent which would otherwise pass through one. This 
greatly lessens wear and burning of the points. 
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Fig. 6B. Illustration showing circuit where two sets of 


contact-breakers (connected in parallel) are used. 


The primary circuit (Fig. 6B) runs from battery 
(+), to switch, to (1), through the primary winding 
(P), to (2), to the ignition resistance unit mounted 
on the interrupter housing, to the interrupter points 
(P) connected in parallel, to ground, to (—) ground 
of battery. Note that the condenser is shunted 
across the two contact points. 


Note. Cadillac and Marmon have the positive (+) of the 
battery grounded. 


The secondary circuit runs from terminal (8), to 
the distributor, to the spark plugs, to ground of 
engine, to (—) ground of battery, to (1) on coil. 


Deleco-Cadillac Distributor Connections 


Distributor connections on the Cadillac—Delco igni- 
tion system are shown in Fig.6C. The cables lead 
from connections on the distributor to the cylinders in 
the order which they fire. 

Note that the brush (B) makes contact consecutively, but 


cables from the distributor are connected to the plugs in their 
respective firing order. 


© ©) 
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Fig. 6D 


DISTRIBUTOR CONNECTIONS 
Fig. 6C 
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The firing order is shown in Fig.6D. The cylinder 
marked (1L) fires first, then 2R, 3L, 1R, 4L, 3R, 2L, 
4R. Follow the black figures on the side of the cylin- 
ders which show consecutively how the cylinders fire. 


Fig. 7B (right). 


Fig. 7 (upper). 
Fig. 7A (lower). 


The relative movement of timer cam, distributor, rotor, and 
piston is shown in Figs. 7, 7A, 7B. The movement is shown in 
degrees. There is an impulse or firing spark at every 90° move- 
ment of the crank shaft, which is approximately one-half of a 
stroke of the piston, or one-quarter of a revolution of the crank. 


When the crank shown in Fig. 7B travels 90° (A to B) the 
timer or distributor brush (B, Fig. 7A) being run at cam-shaft 
speed, or one-half crank-shaft speed, it then moves 45°, as does 
also the timer cam (Fig. 7). 


When the crank makes two revolutions, or 720°, the timer 
cam and distributor brush (B) move 360° or one revolution, 
Therefore there are 8 sparks to two revolutions of the crank. 


Delco-Cadillac Ignition Timing 


The timer contact points are set as follows: Turn the engine 
over until the contact arms (D) and (C), Fig. 6A are directly on 
top of the lobes of the cam (B): (Note that there are eight lobes 
or high points on the cam.) Then adjust the contact points at 
(E) and (F) so that they stand .020” (twenty-one-thousandths of 
aaa apart. Both sets of contact points should be adjusted 
alike. 


To time the ignition proceed as follows: Move the spark 
lever to the extreme left on the sector; open the compression 
release cocks on the cylinder blocks, and crank the engine by 
hand until the piston in No. 1 cylinder is on firing center. 
(No. 1 cylinder is the one nearest the radiator in the left-hand 
block of cylinders.) 


Next remove the distributor cover, also the rotor, and loosen 
the lock screw (A) just enough to allow the cam (B) to be turned 
by hand after the rotor is fitted. (The lock screw should not 
be loosened enough to allow the cam to turn on the shaft when 
the engine 1s cranked by hand.) 


‘Then replace the rotor and turn it by hand until the dis- 
tributor brush in the rotor is directly under the terminal 
marked No. 1 on the distributor cover. Replace the distributor 
cover, and move the spark lever to the extreme right on the 
sector. 


Then switch on the ignition; hold the high-tension wire to 
the spark plug in No. 1 cylinder about one-eighth of an inch 
away from the cylinder casting, and turn the engine slowly by 
hand in the direction in which it runs, Stop turning immedi- 
ately a spark occurs between the wire and the casting, (It 
will be necessary to turn the engine nearly two complete 
revolutions before the spark occurs.) 


If the cam (B) is properly set, a spark will occur when a point 
on the fly wheel 1 21/32” (one and twenty-one thirty-seconds 
of an inch) in advance of the center line for No. 1 cylinder is 
directly under the pointer or “‘trammel” attached to the crank 
case of the engine. This point for each cylinder is marked on 
the fly wheel by the letters ‘“IG/A.” 


_ If the spark occurs before this, rotate the cam (B) slightly 
im a counter-clockwise direction to correct the adjustment. 


If a spark occurs later than this, rotate the cam slightly in a 
clockwise direction. 


After the adjustment has been properly made, lock the cam 
securely to the distributor shaft by the lock screw (A). 
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After locking the adjustment, it is a good plan to check the 
timing by fully retarding the spark lever; in other words, by 
moving it to the extreme left on the sector, holding the high 
tension wire to the spark plug, in No. 1 cylinder about one- 
eighth of an inch away from the cylinder casting, and again 
turning the engine slowly by hand in the direction jn which it 
runs, stopping immediately when a spark occurs. 


If the ignition is properly set, the spark will occur under 
these conditions when the center line on the fly wheel for No. 
1 cylinder is directly under the pointer attached to the crank 
case, or has passed the pointer. 


Caution: Do not set the ignition so that the spark occurs 
before center with the epark lever at the extreme left on the 
sector, 


Resistance unit and ignition coil are explained in the discus- 
sion of the subject “Ignition.’’ 


Note. See Index under “Synchronizing two sets of interrup- 
ter points.’’ Type 1 connection under this heading applies to 
the Cadillac. 


Delco Double Distributors Using Two Distrib- 
utors, Two Contact-Breakers, and Two Igni- 
tion Coils and Two Sets of Spark Plugs 


Figs. 8 and 9 illustrate the Delco distributor used 
on the six-cylinder Pierce-Arrow “38-48” models. 
It is termed a “double ignition system” and consists 
of double distributors, double contact breakers 
(closed-circuit type) and a double set of spark plugs. 
Two coils are used. Automatic and hand (manual) 
advance of spark is provided. There are two dis- 
tributor heads: one contains the two contact 
breakers and the other the condensers. There is 
a distributor head for each set of spark plugs. One 
single six-lobe cam, driven at cam-shaft speed, is 
used. Either the “single” or “double” ignition 
system may be used. 


BREAKER ARM ADVANCE LEVER 


BREAKER ARM 
Fig. 8. Top view of Delco-Pierce-Arrow double distributors. 


‘Two sparks occur at slightly different times in each 
cylinder; one coil furnishes high-voltage current to 
the plugs over the intake valves, while the other coil 
supplies the plugs over the exhaust valves. The 
Stutz uses a Delco distributor which is similar, 
except that interrupter points open simultaneously. 


Fig. 9. Side view of Fig. 8. 


DELCO IGNITION COILS, DISTRIBUTORS, INTERRUPTERS 


Attention is called to the method of adjusting 
the relative time of separation of the timing contacts 
in the No. 5216 Pierce-Arrow double distributor. 
The left-hand set of contacts, viewed from the driv- 
ing end of the distributor, and operating with the 
ignition of the plugs on the exhaust side of the 
engine, must be adjusted to separate 3° (flywheel) 
or 14° (distributor) ahead of the other set of 
contacts. To make the adjustment accurately and 
easily, a method must be used very similar to that 
described on page 221 for the use of testing lamps. 
The firing order is 1, 5, 8, 6, 2, 4. 


See Index for ‘“Pierce-Arrow wiring diagram.” 


Delco-Packard (Twin-Six) Ignition 


Figs. 10 and 11 are top and vertical sections of 
ee are nomen distributors and inter- 
rupters of the closed-circuit type (Twin-six models 
“3-25” and 3-35’). hed nls 


_ The interrupter contact-breaker mechanism con- 
sists of a separate set of timing contacts for each low- 
tension circuit. These are operated by a single 
three-lobed cam mounted on the top of a vertical 
shaft which is driven at crank-shaft speed. Thus 
each low-tension circuit is broken three times during 
each revolution of the crank shaft. 


DISTRIBUTOR HE AD 


CONDENSER 


RESISTANCE UNIT 
Fig. 10. Top view of Delco-Packard (“Twin-Six’’) distributor. 


The distributor is equipped with the automatic 
spark advance. ‘There are two coils used for engine 
ignition and one coil for fuelizer ignition. 


A feature on the ignition unit used on the twelve- 
cylinder Packard models is the auxiliary breaker 
mechanism mounted on the top of the distributor 
and used in connection with a separate ignition coil 
to operate the spark plug in the ‘‘fuelizer.”’ See 
Index for Packard “Fuelizer’ and Packard ‘Wiring 
diagram.”’ The wiring diagram will more clearly 
explain the principle. 

It should be observed that the 5220 and 5238 distributors use 


a 15249 auxiliary breaker, while 5161 and 5220 distributors 
use a 14805 auxiliary breaker. 


Note that in the system described above a three- 
lobe cam is used which revolves at crank-shaft 
speed, whereas with most all other systems it 
revolves at cam-shaft speed. 


The fact that twelve interruptions, or sparks, can 
take place in the two six-cylinder blocks of cylinders 
during two revolutions of the single three-lobe cam 
is explained by the fact that there are two inter- 
rupter arms with separate contact points operating 
against opposite sides of a three-lobe cam. Note 
that the cam is triangular in form, with the sharp 
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Fig. 11. Side sectional view of Deleo-Packard (“Twin-Six”’) 
distributor. 


corners rounded off; thus the lobes are 120° apart. 
Therefore when one contact arm is raised at the 
highest point on one of the lobes of the cam (which 
is the wide-open position of the contact points), the 
interrupter arm on the opposite side of the cam will 
be exactly between the two lobes (which is the 
closed position of the contact points). 


Because there are three lobes 120° apart, three 
sparks would be produced per revolution of 360° for 
each set of contact points, or six sparks during one 
revolution for both interrupter contact points. 
Since the cam travels at the same speed as the 
crank shaft, then for two revolutions of the cam, 
there would be twelve sparks. 


The high-tension distributor, like all distributors, 
revolves at cam-shaft speed, or one revolution to 
two revolutions of the crank shaft, and distributor 
terminals on the two distributor heads, each with 
six segments, leading to the twelve spark plugs, 
have the segments 60° apart. 


Separate high-tension distributor heads are pro- 
vided for each cylinder block. These are mounted 
on either side of the ignition apparatus housing and 
are operated by rotors on a cross-shaft driven from 
the vertical timer shaft. 


The firing order in each block is: 1, 4, 2, 6, 3, 5. 
The impulses alternate between the two blocks. If 
we number the cylinders in succession, beginning 
with number one at the front of the right block, the 
firing order would be: 1R, 6L, 4R, 3L, 2R, 51, 6R, 
1L, 3R, 4L, 5R, 2L, the R and L designating the 
right and left cylinder blocks. 


Arcing across the contact points when they are 
separating is minimized by the use of separate con- 
densers for each set of breaker points, located in 
the rear side of the ignition timer and distributor 
housing. Indirectly these condensers also serve to 
intensify the high-tension current wave. 


Resistance units in both low-tension circuits, and 
located on either side of the common ground return 
terminal on the timer housing, serve to keep the low- 
tension current down to the proper rate of flow at 
various ear speeds. These also prevent excessive 
discharge from the battery when the ignition switch 
is left on and the engine is not running. 


See Index for ‘Packard wiring diagram.” 
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The Delco-Lincoln Ignition System 


Figs. 12, 13, 14 show the interrupter and distribu- 
tor used on the Lincoln. The vertical shaft viewed 
from the top turns counter-clockwise at one-half 
engine speed, and carries the manual spark advance 
mechanism, governor assembly controlling the auto- 
matic spark advance, the four-lobe breaker cam, 
and the rotor. The four-lobe cam produces eight 
sparks during one revolution of the cam, due to 
the two interrupters. 


Each of the two sets of contacts are connected 
with the primary circuit of a separate ignition coil. 
In this manner the right-hand set of contacts (when 
viewed from the driver’s seat) connected with the 
right-hand ignition coil, controls the ignition in the 
right bank of four cylinders. Likewise the left- 
hand set of contacts connected with the left-hand 
ignition coil controls the ignition in the left-hand 
bank of cylinders. 


= ® 

A rotor (Fig. 15), carried on upper end of distributor 
shaft, carries two steel rotor brushes, both electri- 
cally connected. One of them connects with the 
small carbon brush, which makes contact with 
the slip-ring in the distributor head. The other 
rotor brush connects with the center plunger contact 
in the distributor head. 
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Figs. 12 and 13. Side and top view of Delco-Lincoln dis- 
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CONTACT BREAKER 

sel CONTACT ADJUSTMENT 
CONDENSER 

LEADS ROTOR BUTTONS 


RUBBING BLOCK 
TIMING CONTACTS 
CONTACT BREAKER CAMADS. 


Fig. 14 


Fig. 15 


Fig. 14. Clearer top view of Lincoln. On the interru 
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Leads from each of the eight equally spaced 
terminals around the distributor head shone be 
connected to spark plugs in the cylinders which 
carry a corresponding number. 
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The high-tension lead from the right-hand ignition 
coil is connected to the center terminal (the long 
screw) of the distributor head. Current from this 
coil takes care of ignition in the right bank of cylin- 
ders Nos. 1, 3, 7, and 5, through the rotor brush 
connected with the center plunger contact in the 
head, 


The left-hand bank of cylinders Nos. 6, 8, 4, and 
2, receive ignition current from the left-hand ignition 
coil whose high-tension lead is connected to the 
terminal (the short screw) near the center of the 
distributor head. This current passes through the 
rotor brush connected with the carbon brush. 


Care must be taken to see that the leads from both 
primary and secondary terminals of the ignition 
coils connect to their correct terminals on the dis- 
tributor. 


The distances between the contact points when 
opened by the cam are adjustable by means of the 
contact screws which carry the stationary contact 
points. They should be adjusted so that they are 
.020” apart when the fiber rubbing block of the 
contact arm rests directly on top of the cam lobes. 
Due to the slight wear of the fiber block during the 
first 2,000 miles driving, it may be necessary to make 
one or two adjustments of the points, after which 
practically no attention is necessary other than to 
note occasionally that the adjustment conforms to 
specifications. 


The thickness of the gauge on the distributor . 
wrench provided in the tool equipment should be 
used in adjusting the points. 


When a slight readjustment of the contact points 
will not affect the timing noticeably, it is recom- 
mended that the ignition timing be checked, and if 
necessary corrected after each adjustment of the 
contact points. 


After assembly of the parts of a repaired Lincoln 
distributor it will be necessary correctly to adjust 
the two sets of timing contacts, so that they separate 
at intervals of exactly 30° and 60° of distributor- 
shaft travel. 


These values correspond to 60° and 120° on the 
flywheel, which are the intervals of crank-shaft 
travel between cylinder firings. 


To obtain the correct setting, first adjust each of 

the two sets of contacts to the correct maximum 
dimension of .020’’.. Then shift slightly the position 
of the contact-point mounting plate until a setting 
has been found which will cause the contacts to open 
exactly at 30° and 60° intervals. This plate may be 
shifted within small limits after loosening the three 
screws securing it to the distributor housing, and 
ane the plate to pivot on the screw nearest the 
oiler. 
_ In order to measure accurately the 30° and 60° 
Intervals, the mechanic should connect a small lamp 
In series with each set of contacts similar to the test 
set in Fig. 20, page 221, to indicate the instant the 
points separate. An ordinary protractor, or similar 
measuring device calibrated in degrees and approxi- 
mately 4” in diameter, must be used to measure 
the number of degrees of interval between the 
separation of the contacts. Small scratches may 
then be made on the distributor housing opposite a 
previously made scratch or mark at any point on the 
edge of the rotor, indicating the actual intervals 
between the separation of the two sets of contacts. 
These angular distances may then be measured 
with the protractor, and if not correct, the contact 
mounting plate may again be slightly shifted. 
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If during the shifting of the plate, the adjustment 
of the contacts is appreciably changed, their adjust- 
ment should be corrected, after which a re-check 
should be made with the protractor and lamps of 
the intervals between the separation of the two sets 
of contacts. It would be advisable to check up 
the adjustment of the contacts once or twice during 
the first 2,000 miles driving, so that any necessary 
correction might be made. 


Lubrication of the upper ball bearing is taken 
care of by placing in the oiler three or four drops of 
engine oil every 500 miles. The lower ball bearing 
of the distributor shaft and the advance ring of the 
manual-spark control mechanism receive their lubri- 
cation from the light cup grease carried in the lower 
part of the distributor housing. This section of the 
housing should be kept filled with light cup grease 
to a level just above the advance ring. _ Lubricant 
may be placed in the housing by removing the cover 
plate near the spark-advance lever on the forward 
side of the housing. 


A very small amount of light grease or vaseline 
should be applied to the surface of the breaker cam 
each 500 miles. The rubber track containing the 
eight inserts or contacts should receive a very small 
amount of vaseline applied occasionally during the 
first 1,500 miles driving. The track will then 
become glazed, and no further lubrication will be 
required. It is then only necessary to wipe out 
the distributor head occasionally with a clean cloth. 
No lubricant is required on the slip ring in the dis- 
tributor head, against which the carbon brush rests. 
The center plunger contact in the distributor should 
always make contact with the rotor, and the carbon 
brush in the rotor should always make contact against 
the slip ring. 


A slight blackening of the surface of the dis- 
tributor head inserts has no effect whatever upon 
the perfect performance of the ignition system. 


Delco-Lafayette Distributor 


Figs. 16 and 16A show the top and side cross-sec- 
tion views of the interrupter and the distributor 
used on the Lafayette model, which is similar to 
that shown in Fig. 4, page 214. The vertical shaft, 
turning at one-half engine speed, carries the manual 
advance mechanism, governor assembly controlling 
the automatic spark advance, the eight-lobe breaker 
cam, and the rotor. 
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Figs. 16 and 16A. Side and top view of Delco-Lafayette 
distributor. 


Two sets of timing contacts are provided, the 
object being to distribute over two sets of points 


the current which would otherwise pass through 
one set. Both sets of points separate, and therefore 
are arranged to separate at the same instant. 


See Index for ‘Wiring diagram.” 


Delco-Packard (Six-Cylinder) Distributor 


_ Fig. 17 shows the general construction of the 
interrupter and distributor used on the six-cylinder 
Packard models. 
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Two sets of interrupter contacts are provided, 
each set being connected in series with a separate 
ignition coil. One of these coils provides ignition 
for the engine cylinders, while the other coil supplies 
ignition at the fuelizer spark plug. Electrical connec- 
tions of this system are shown clearly in the circuit 
diagram. See Index for “Wiring diagram.” 


Delco-Buick Distributor 


Figs. 18 and 19 show the top and sectional views 
of the Delco distributor and interrupter used on the 
1921 Buick models. The design of the present 
Buick distributor is such that advance and retard 
of the ignition is accomplished through an advance 
ring (see Fig. 18) within the distributor instead of 
by an oscillating movement of the distributor head 
changing the angular position of the timing contacts 
with the distributor cam. 


A condenser, mounted in former models inside 
the ignition coil, is now contained in a moisture- 
proof metal case within the distributor housing, 
next to the interrupter. Delco coil (1921) is Delco 
No. 2159 (Fig. 2, page 218). 
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Fig. 18. Side view of Delco-Buick distributor. 


220 


The distributor consists of parts as shown in Fig. 
18. The rotor revolves at cam-shaft speed, or 
one-half the speed of the crank shaft. The shaft 
is driven from the generator shaft which, through a 
one-way clutch, drives the generator (see Index for 
“Buick generator” and ‘Buick wiring diagram’’). 
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Timing the Buick-Six Ignition 


_ 


. Place the spark lever on the steering wheel in the fully 
retarded position. 


2. Turn the engine to the seven-degree mark (which is 
approximately one inch after dead center), with the No. 1 
cylinder on the firing stroke. 


ies) 


. Loosen the timing-adjustment screw in the center of the dis- 
tributor shaft and contact-breaker cam, Turn the cam so that 
the rotor button will be in position under No. 1 high-tension 
terminal when the distributor head is properly located. 


DYKE’S INSTRUCTION No. 20 


the contact-breaker cam carefully in this position 
ae when the backlash in the distributor gears is rocked 
forward the contact points will be opened, and when the 
backlash in the gears is rocked backward the contacts will 
just close. The distributor shaft turns clockwise when 
viewed from the top. 


4. Tighten the adjustment screw securely and replace the rotor 
and distributor head. The cylinders fire in the following 
order: 1, 4, 2, 6, 3, 5. 


The proper spark-plug gap should be thirty-thousandths of an 
inch (.030’). The contact-breaker points should separate 
.020’ when they are separated the maximum distance by the 
cam, 


On account of the wearing to a seat of the fiber 
rubbing block on the contact arm, one or two adjust- 
ments may possibly be necessary during the first 
2,000 miles of driving, after which practically no 
attention is necessary other than to note occasion- 
ally that the adjustment of the contacts conforms 
to specifications. 


A frosted appearance of the contacts indicates 
that they are making good contact with one another, 
and should not be disturbed as long as proper opera- 
tion is maintained. The contact points are made of 
tungsten. This metal is too hard to file. Should 
it be necessary to dress them, an oil stone should be 
used. Care should be taken that they seat properly 
against each other and are correctly adjusted after 
being replaced. 


It is a good plan after adjusting the timing con- 
tacts to check the ignition timing. See instructions 
under ‘Timing the Ignition.” 


DELCO IGNITION TIMING 


Adjusting Timing Contacts 


See also the instruction on “Ignition Timing,” 
which explains the advance and retard of the 
spark, etc. 


The timing contacts should be adjusted so that 
when they are separated by the breaker cam they 
are apart by the following thickness: All Delco 
distributors for four and six-cylinder engines should 
have their contacts adjusted to .020” to .0275”; all 
distributors used on eight-cylinder cars, except 
Cadillac, should be adjusted to .015’’ to .0225”; 
Cadillac should be .015” to .020”; Packard should 
be .020” to .025”. : 

On those distributors, except the Packard and Pierce-Arrow, 
having two sets of timing contacts, the separation of the con- 
tacts, where there are two sets, should be as nearly simultaneous 
as possible. Both are intended to separate at the same time, 
and the maximum contact separation of each set of contacts 
should be held to the specifications. Should difficulty be 
encountered in obtaining the adjustment to synchronize the 
operation of the points, the contact-breaker plate on which the 
contacts are mounted may be shifted within certain limits after 
loosening the three screws holding it in place. These screws 


should be carefully tightened after the necessary adjustments 
have been made, 


On account of wearing to a seat of the fiber rubbing block 
on the breaker arms, the points will require one or two adjust- 
ments during the first season’s driving, after which practically 
no attention is required. 

Interrupter contact points are made of pure tung- 
sten metal, which is very hard and of long life. 
Should the contacts require cleaning or redressing, 
rub the points lightly over an oil stone—the tung- 
sten metal is too hard to file. The contact arms may 
be removed by lifting them from the posts on which 
they are pivoted, after taking out the cotter-pins 
and loosening any clamping nuts holding the ends 
of the steel springs. 


Timing the Delco Ignition 


The breaker cam js secured to the distributor 
shaft with the cam adjustment screw, as in Fig. 4, 


page 214, in the majority of distributors; in others, 
by the timing adjustment screws. The adjusting 
screw permits the cam to be placed in any angular 
position for timing. 


The manufacturer of the car should be consulted 
for the exact directions for timing the engine. How- 
ever, the following directions will give an approxi- 
mate timing which will prove satisfactory under 
ordinary conditions: 


1. Place the spark lever on the steering wheel in a 
position one-third advanced. 


2. Turn the engine by hand until the piston in No. 1 
cylinder is just on top dead center on the com- 
pression stroke, 


3. Loosen the timing adjustment screw in the center 
of the cam, and locate the proper lobe of the-cam 
by turning the rotor until the rotor button comes 
under the high tension terminal of the distributor 
head connected to the No. 1 cylinder. 


4. Locate this lobe of the cam so that when the 
back-lash in the distributor gears is rocked for- 
ward the timing contacts will be opened and when 
the back-lash is rocked backward the timing con- 
tacts will just close. The distributor shaft 
usually rotates in a clockwise direction when 
viewed from the top. Tighten the adjusting 


na and replace the rotor and distributor 
ead. 


Note. The Lincoln distributor rotates counter-clockwise, 


in the Stutz double distributor (similar to the 
Pierce-Arrow, Fig. 9, page 216), the distributor cam 
and collar, which carry the two rotors, are keyed 
In position, and are not adjustable. Timing is 
accomplished through an adjustable coupling 
through which the distributor is driven, 
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Adjusting Spark Plugs for Delco Ignition 


The adjustment should be .030”. On spark plugs 
having more than one gap, all but one gap should 
be made wide, and closest gap adjusted to .030”. 


An exceptionally wide adjustment may be the 
cause of missing at the higher speeds. Too close 
an adjustment will cause the ignition to be poor at 
very low speeds when idling, 


Synchronizing Two Sets of Interrupter 
Contact Points (Delco) 


Fig. 20 shows a simple device which is of material 
assistance in synchronizing the operation of two sets 
of timing contacts. This handy test set consists of a 
small block of wood upon which are mounted two 
small 6-volt lamps provided with the leads (C), (D), 
and (E). Terminals (A) and (B) are each made of a 
thin piece of fiber 114” by 1”, one side being covered 
by a thin piece of brass or copper to serve as a contact. 
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Fig. 20. Device for synchronizing interrupters. 
Distributors with which this set is used are 

divided into two types: type 1 (Fig. 21) has two 

sets of timing contacts connected in parallel; in type 

2 (Fig. 22) the double distributors have two sets of 

contacts, each of which is connected to a separate 

primary ignition circuit, as in the Pierce-Arrow and 

Stutz distributors. 


Type 1 connection for synchronizing two inter- 


Fig. 21. | 
rupter contact-breakers (CB) connected in parallel. 


When used with distributors in type 1 (Fig. 21), 
each of the terminals (A) and (B) are slipped between 
the contact-arm spring, and the distributor housing 
with the metal side of the terminal in contact with 
the spring. Connect lead (E) to “ground.” Cur- 
rent is obtained from the storage battery on the car 
by placing the ignition switch lever in “on”’ position. 


During this operation it will be well to place a 
piece of cardboard beneath one of the generator 
brushes on those generators not equipped with a 
cut-out relay, in order to prevent a flow of current 
through the generator windings. 


In this type of distributor which is supplied with 
two sets of contacts the primary ignition current 1s 
divided between the two sets, which reduces the 
amount of burning and offers an additional factor 
of safety to the system. 


The separation of each set of timing contacts will 
be indicated by the lamp in the circuit, and when 
both lamps go out at practically the same instant 
the contacts are properly synchronized. 


When used with type 2 distributor (Fig. 22), the 
notches in the ends of the terminals (A) and (B) 
permit them to be readily connected to the two 
terminals on the distributor as shown. 


Models R-10: 
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_In the Pierce-Arrow (page 216) and Stutz double 
distributors there are two sets of timing contacts. 
Tn these cases each set of contacts interrupt a sepa- 
rate primary ignition circuit, giving double ignition. 
One circuit supplies high-tension current to the plugs 
over the intake valves, while the other circuit takes 
care of plugs over exhaust valves. 


Fig. 22. Type 2 connections for synchronizing two inter- 
rupter contact-breakers used on double ignition, 


By examining the connections as shown in Fig. 
22, it will be noted that as each set of contact- 
breakers separate, the lamp in its circuit lights. 
When contact-breakers are closed, a short-circuit 
will be formed around lamps, causing them to go out. 


_ In setting the Stutz contacts, both lamps should 
light at the same time; that is the timing contacts 
should be synchronized. 


Pierce-Arrow interrupter contacts are not syn- 
chronized. By referring to the Pierce-Arrow wiring 
diagram, page 403, and to Fig. 8, page 216, it will be 
noted that one contact-point is for the ignition 
system on the exhaust side of the engine and the 
other is for the ignition system on the intake side. 


The contact points for the exhaust side are set 
ahead of the intake, as mentioned below, the degrees 
referred to being flywheel degree movement. 


Models 31 and 51: exhaust set to open 3° before inlet. 
Models 32 and 33: exhaust set to open 3° to 7° before inlet. 
Models X-5-W-2: exhaust set to open 0 to 3° before inlet. 
exhaust set to open 0 to 8° before inlet. 


For example, with models 32 and 33, the lamp 
connected in the circuit (Fig. 22) with the contact- 
points for the exhaust side should light 3 to 7 fly- 
wheel degrees before the one connected in the circuit 
with the contact-points for the intake side. 


Contact-Point Surfaces and Removal 


The contact-point surfaces often have a frosted 
appearance. This is not an indication of trouble, 
as is often believed, but shows that the contacts are 
making good contact with one another, and they 
should not be disturbed as long as proper operation 
is maintained. The contact points are made of 
tungsten. This metal is too hard to file. Should 
it be necessary to dress them an oilstone should be 
used. Care should be taken that they seat equally 
against each other after being replaced. 


The contact arms may be removed by lifting them 
from the posts on which they are pivoted, after 
taking out the cotter-pins and loosening any clamp- 
ing nuts holding the ends of the steel springs. 

See Index for “Delco motor-generators and wiring 
diagrams.” 
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INSTRUCTION No. 21 | 
TESTS AND ADJUSTMENTS OF THE VIBRATOR TYPE OF HIGH 


TENSION COIL 


This instruction deals only with vibrator-type 
coil adjustments and tests. The next instruction 
will deal with the non-vibrator type. 


Adjusting Vibrators of an Ignition Coil 


The usual method of adjusting a coil trembler or 
vibrator is the rather rule-of-thumb method of 
screwing down the trembler screw till there is a 
sharp musical “buzz’’ obtained, and, as near as it 
is possible to determine, to adjust the screws so as 
to obtain the same note from each trembler. 
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Fig. 1 


Current consumption of the coil depends largely on 
how close the vibrator contacts are set. Very often 
it happens that a good deal of current is wasted in 
having too close contact, and at the same time the 
platinum points on both the vibrator and the adjust- 
ing screw are soon “pitted” and worn out from the 
excessive sparking. 


There is a further serious disadvantage, inasmuch 
as the firmg point cannot be synchronized for each 
cylinder, the closely-set trembler firing the charge 
earlier than the lightly-set one, and thus it happens 
that an engine rarely gives off the full amount of 
power. Perfect synchronization is required in 
obtaining full power. This explains why some 
engines often give more power on the magneto. 
The fault lies in bad setting of the coil and sticking 
vibrators. 


Instructions for Adjusting the Ford Vibrator 
Coil (K.W. Ignition Co.’s Make) 


There are four vibrator-type coil units (Fig. 2) 
contained in the Ford coil box. 


The primary winding starts at the bottom of the 
coil unit, which consists of a metal disk which makes 
contact with a spring inside of coil box and which 
is connected with electric current, either from the 
battery, the generator, or the magneto (see Index 
under “Ford wiring diagram’’). 


The primary current passes through the primary 
winding, through vibrator blade (VS), through 
points (P), to the contact spring, to the primary con- 
tact to the timer, to the contact on the timer or 
commutator. 


e 
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Ford Ignition Coil 


The secondary winding is shown in Fig. 2. See 
also Index, for ‘Ford wiring diagram.” 
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Fig. 2. Ford vibrator coil unit (K.W.) 


Adjustment of vibrator: The K.W. coil unit shown 
in the illustration is designed to operate on a current 
consumption in the primary winding of 1 1/10 to 
1 2/10 amperes at a voltage of 6 to 8 volts. 


When the vibrator tension on a coil is increased, 
or more vibrations are produced in a given time by 
screwing down on the vibrator adjusting screw, the 
secondary voltage is increased and the primary will 
draw more current. 


Therefore the proper adjustment of this adjusting 
screw for certain current values is necessary in order 
to prevent the building up of too high a voltage, 
which is liable to puncture the insulation of the 
secondary winding. 


A Ford coil unit (K.W., Fig. 2), when tested on a 
6-volt circuit with a low-reading ammeter in series 
with the primary circuit, should register 11/10 to 
1 2/10 amperes. 


When the vibrator spring is pressed down against 
the iron core, the air-gap clearance between points 
(P) should be 1/32” apart. It is very essential that 
this vibrator spring have the proper tension, inas- 
much as on this depends the amount of current that 
the primary winding consumes, as well as the effec- 
tiveness of operation. 


The tension, or number of vibrations, can be 
adjusted by the vibrator adjusting screw. First, 
however, in order to adjust properly, the vibrator 
corns itself should be tested for proper tension as 
ollows: 


Remove the top bridge. If “tungsten”? contact 
points are used, the vibrator spring should stand 
exactly 14” above the iron core. If K.W. “spark- 
ite” springs and contact points are used, the spring 
tension is less, owing to the low-surface resistance 
of this metal; therefore the vibrator spring should 
be 5/32” above the iron core. 


It is important that the vibrator-spring tension be 
Correct, as just stated, before attempting to adjust 
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TESTS OF VIBRATOR TYPE OF HIGH-TENSION COIL 


the tension of the vibrator spring with the adjust- 
ment screw. 


The condenser is located in each coil unit, and is 
connected or shunted across the vibrator contact 
points. 


Hard starting, due to vibrator adjustment: If 
there is too much tension on the vibrator springs, 
the weak current generated by the magneto at 
cranking speeds will not be sufficient to cause the 
vibrators to buzz, and it will be difficult to start the 
engine. Too little tension will not let the vibrators 
respond quickly, and the engine will run unevenly. 


__A defective coil unit can be detected by noticing 
if the vibrator buzzes without producing a spark at 
the plug. Then the suspected unit can be ex- 
changed with another unit to make sure that the 
trouble is actually in the coil unit. A defective or 
punctured condenser is indicated by a heavy spark 
at the vibrators and a weak spark at the spark 
plug. 
If the engine has a tendency to miss when driving 
over rough roads, this may be due to the coil units 
not fitting tightly in the coil box. The bouncing 
of the car makes the coil units touch the metal cover 
of the box and causes misfiring. Coil units in the 
Ford coil box depend upon spring tension for con- 
tact. 


Sometimes, misfiring is due to the wooden lining 
of the metal coil box being damp and allowing the 
electric current to leak across from one terminal to 
another. 


The spark plug: On the Ford and some magnetos 
where there is a volume of spark, a spark plug 
recommended by the manufacturer should be used, 
as the points usually have metal of slightly high 
resistance to prevent pitting and burning of points, 
due to the excess of current supply. The spark- 
plug gaps are 1/32” apart on Ford plugs. 


Vibrator Coil Cause of Missing 


In rare instances one of the coil sections will 
become short-circuited or the insulation may become 
punctured on the secondary winding. ‘This is com- 
monly caused by using too many batteries or too 
high a voltage. In this case the plug would not 
spark at all, therefore it would be advisable to try 
changing positions of the coil units in the box. If 
the plug sparks properly on one of the other coil 
sections, then you may know that that particular 
coil unit is defective. Therefore, inspect the plati- 
num points on the vibrators and contact points, as 
they may be partially burned away or badly pitted. 
If this coil section still fails to give a spark, then it 
is evident it is burnt out inside. 


In some instances a coil may have its insulation 
short-circuited for only half its length of winding 
and would give a spark. If a short circuit was near 
the beginning of the winding, it would not spark at 
all. 

Testing the Coil 


If a multiple-cylinder engine, test each unit 
separately until it is determined which coil is miss- 
ing. After assuring yourself the missing 1s not 
caused by a spark plug, weak batteries, carbure- 
tion, or other causes, then test the coil itself. 


Vibrator Coil Tester 


A very serviceable device for testing Ford coil 
units, single and double contact lamps, as well as 
spark plugs, is the B.W. Tester’ illustrated above. 
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CONTACT CLIPS 


HOLDERS FOR TESTING 
SPARK PLUGS 


ADJUSTABLE GLE 
SPARK GAP FOR CONTACT 
TESTING SECONDARY LAMP SOCKET 
WINDING OF COIL SOUBLE CONTACT. 
LAMP SOCKET 


Fig. 3. The “BW” tester. Designed for testing Ford coil 
units, spark plugs, and lamp bulbs. 


To test a Ford coil: The coil to be tested is slipped into place 
so that the contact springs touch the proper contacts. A 6- 
volt battery is attached by means of cord and test clips. The 
ammeter on the Tester has zero (0) center, and it is proper for 
it to read in either direction. The adjustable spark gap should 
now be set with one-quarter inch (14’’) gap. This may be 
measured by gauging the gap with one-quarter inch (14’’) drill 
or rod. This gap is much greater than the gap in the spark 
plug, due to the fact that a spark takes place in the open air, 
while in the case of the spark plug, the sparking takes place in 
a highly compressed charge in the cylinder which requires the 
spark gap’to be considerably smaller. 


The switch is now closed, and the ammeter should give a 
fairly steady reading of about 1144 amperes. While this cur~ 
rent is flowing, a continuous flow of sparks should follow across 
the spark gap. If the flow of sparks is not constant, this indi- 
cates that the vibrator contacts of the coil have probably 
become pitted; they should be removed and smoothed with a 
fine file. The adjusting screws on the coil should be turned 
one way and another until the stream of sparks appears the hot- 
test. 


If at this point of adjustment the current is lower than 1,2 
amperes, then the vibrator spring on the coil is weak and should 
be strengthened as follows: Remove the cross-piece that car- 
ries the adjustable contact. Now note the distance that the 
vibrator spring stands away from the coil head. Increase this 
distance slightly by bending the vibrator spring away from 
the coil head; then replace the adjusting cross-head, and the 
current will have increased as well as the stream of sparks. If 
the current is higher than 1.8 amperes, then the vibrator spring 
is too strong and stands away too far from the head of the coil. 
In this case the vibrator springs should be bent inward. 


If the ammeter pointer flies over to the end of the scale, then 
this indicates that the vibrator contacts are stuck together. 
If in this case they are worn out aiid cannot be smoothed with 
a file, they should be replaced. 


If it is impossible to get a reading of 114 amperes and a con- 
tinuous hot spark across 14” spark gap, after making all the 
adjustments named above, the coil is no longer serviceable and 
should be replaced. 


To test a spark plug with the tester shown above: Connect the 
Tester toa source of power, as instructed above. Place a Ford 
coil into the coil guides in the same manner as in testing the coil. 
Now open the spark gap to at least 14’, then place the spark 
plug into the rack provided on the Tester and close the switch. 
Where it is possible, it is a good idea to open the spark gap of 
the spark plug to about 14”, so as to get the same condition in 
the open as with the small gap in the highly compressed 
cylinder. 


If the spark plug is only foul from carbon deposit on the 
porcelain, the carbon will be immediately burned off. If there 
is a cracked procelain, the spark will short-circuit through this 
crack and no spark will flow at the spark-plug gap, and the plug 
is no longer serviceable. 


To test lamp bulbs: Both the single and double-contact 
sockets provided for testing lamps are directly connetted to 
the transformer, and all that is necessary to test lamps is to con- 
nect to source of power as instructed above and push the lamp 


into the proper socket. 


1 This can be secured of A. L. Dyke, Electrical Department, 
Granite Bldg., St. Louis, Mo., price $11.65. 


224 


Causes of Spark Plug Missing 


The usual cause of missing of explosion is that 
the spark plug becomes fouled by carbon, or soot: is 
deposited on the porcelain insulation, causing the 
plug to become short-circuited. It is generally 
caused by using a poor grade of oil or loose piston 
rings, which permits the oil to pass too freely into 
the head of the cylinder. 


Other causes are sticking vibrator points, a 
defective commutator, or a weak battery. 


When mis-firing occurs, particularly when running 
at high speeds, it would be advisable to inspect the 
commutator, as the fiber may be worn so that the 
roller touches only the high spots, or it may be that. 
the roller has worn out of round and consequently 
forms imperfect contact on all of the points. 


At slow speeds, mis-firing is apt to be the result 
of improperly seated valves or air-leak in the carbu- 
retor or cylinder-head gaskets. 


A weakness in compression may be detected by 
lifting the starting crank slowly the length of its 
stroke for each cylinder in turn. In rare instances 
an exhaust valve may become warped by the engine 
becoming overheated, in which case the valve seat 
will have to be reground or the valve replaced. 


When starting to test for the trouble, first deter- 
mine if the missing occurs when running slow or 
when running fast, or if at all times. Also be sure 
the carburetion is right. 


Testing for Miss with Vibrators 


We will assume the engine is a four-cylinder 
engine. 


To ascertain which, if any, of the four plugs are 
fouled with oil, short-circuit with carbon, or inoper- 
ative from some other cause, open the throttle two 
or three notches to speed up the engine; now hold 
your two fingers on two outside vibrators so that 
they cannot buzz. The evenness of the exhaust 
will show that the other two are working correctly 
and that the trouble is not there; or an uneven 
exhaust will indicate that it is between the two that 
are free. 


Fig. 4. Testing for missing with vibrators on the coil. 


If the two cylinders fire evenly, change the fingers 
to the two inside vibrators and again listen to the 
exhaust. Having ascertained in which pair the 
trouble is, hold down three fingers at a time until 
you find the one which does not fire. 


Cylinder No. 1, we will say, is the front cylinder, 
and they number in rotation 1, 2, 3, 4. No. 1 coil 
unit would be the one farthest. from the steering 
ee (left-side drive), and they number 2, 3, 4 to the 
eft. 


Causes of commutator troubles (Hig 5)29(1) 
worn metal segments (C) often cause missing by not 
making good con act, (2) The commutator may 
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also become loose on the shaft and get out of time. 
(3) Spring weak. (4) Loose connections at binding 
posts. (5) Depressions worn on face of fiber on 
which the roller (R) travels, resulting in the roller 
jumping (at high speeds) almost over the metal 
contacts (C). The roller (R) and pin of the revolv- 
ing part will also probably be found in bad shape. 
To repair, turn down in a lathe or replace with a 
new one. (6) Grease will coat the insulated fiber 
ring (C) from one segment to another, and cause a 
short circuit. Too much oil will also cause a glazed 
surface over the segments (B), and good contact 
cannot be made between roller (R) and these metal 
segments. 


Dressing Platinum Points 


Every time the contact separates, a minute quan- 
tity of platinum is transferred from one contact to 
the other. If the current is reversed by means of 
a reversing switch, the lost platinum will be trans- 
ferred back to some extent. This is called depolar- 
izing. Therefore, when using “direct” current for 
vibrator-coil ignition, it is a good idea occasionally 
to change the connection on the battery. The 
current flowing in one continuous direction causes 
this pitting of points. Where “alternating” current 
is used, as with a magneto, the points do not pit as 
ee because the current is changing its direction 
of flow. 


On the Ford, the magneto generates “alternating” 
current. Therefore the pitting of points is not s9 
bad, but when the ear is run continuously at high 
speed, naturally the magneto generates a higher 
voltage, hence pitted platinum points. 


Testing Platinum Contact Points 


Imitation platinum will also cause “nitting.”’ You 
can test to see if genuine platinum has been used by 
putting nitric acid on it. If it eats into the metal, 
It 1s not genuine platinum. A jeweler’s stone can 
also be used for this test. Ask any jeweler, 


Fig. 6 (left). Shows pitting, and is the state ti hi 
properly set contact-point finally arrives. ar 


Fig. 7 (right) is the result of a badly set contact which is worn 
unevenly. The platinum would have to be filed away right 
down to the steel, and the spark would then soon eat the rivet 
hole and cause serious mis-firing, 


Dressing Ignition Contact Points 


To dress the platinum points, remember that the 
main requirements are to remove only as small an 
amount of the valuable metal as possible and to 
trim the surface dead level and smooth. In making 
ete Sajuseont of the screw, do not. set the 
piatinums closer than necessary to gi 
steady buzz of the vibrator, zs ae 
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For dressing the points (also magneto points), 
suitable small jeweler’s files are sold at accessory 
Shops. These are very thin and finely cut files. 


If the surfaces are merely blackened, insert a strip 
of 00 emery paper between the two points, and 
pull the paper through them a few times. 


_ An oil stone is excellent for dressing points, espe- 
cially Tungsten points, which are too hard to file. 
An example of dressing the tungsten contact points 
on an oil stone is shown in Fig. 8. 


BRIDGE TUNGSTEN. 


fine 


O[L STONE 


Fig. 8. The coil point screw (S) is clamped, by means of two 
nuts, to the center of the metal strip. The strip is moved 
forward and backward over the oilstone, thus securing a true 
surface on the tungsten point, which makes it last much longer 
without grinding. 


Platinum and Tungsten Contact Points 


Procure genuine platinum points when purchas- 
ing new screws or vibrator springs, if possible. 
Platinum-inidium and Tungsten metal points are 
both used. Imitation points will ‘pit’? and burn 
together and cause missing. 


Platinum-iridium alloy, which consists of 80 per 
cent platinum and 20 per cent iridium, should be 
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used on all magneto contact-breaker points. Pure 
platinum would hammer under action of the inter- 
rupter, therefore iridium, which is harder, is used 
with it. 

Tungsten points are quite often used on coil and 
battery systems because of the extreme hardness 
and infusibility of this metal, but its disadvantages 
for magneto use are oxidation of points when heavy 
currents are carried. The oxidation results in a 
high resistance oxide which makes it difficult to 
start, and the arcing makes it very difficult to dis- 
tinguish when a condenser is defective. When 
platinum-iridium contacts are used, extreme arcing 
is always an indication of a defective condenser. 
Tungsten points therefore require a greater condenser 
capacity to overcome arcing than platinum does. 


Platinum-iridium is best for all contact points, 
but, as stated, tungsten can be used on coil and 
battery systems. See also Index for “Platinum 
points for magneto contact breakers.” 


The foregoing applies to contact points on vibra- 
tor coil screws and springs. 


Spark Plug Gap Suggestions 


Do not set.spark plug gaps over 1/32” apart. A 
longer gap will likely cause a mis-fire. 


When testing the spark, by removing the wire 
from the plug, do not separate the terminal wire 
from the plug or engine frame more than 34”, as it 
will strain the coil and break down the insulation. 


INSTRUCTION No. 22 


TESTING IGNITION COILS OF NON-VIBRATOR TYPE: Condenser Tests; 
Resistance-Unit Tests 


As an example of the procedure for testing an igni- 
tion coil of the non-vibrator type, the North East Ig- 
nition system as used on the Dodge car will be used. 


See Index for ‘Dodge wiring diagram” for the 
internal circuit of this system, and study it care- 
fully. 


LOCATING IGNITION TROUBLE: N. E. IGNITION SYSTEM (MODEL ‘‘O”’’) 


1. Whenever it is determined that trouble has 
been located in the ignition mechanism or in the 
coil windings, and that it is not in the spark plug or 
loose connections, or due to a run-down battery, 
then turn off the ignition switch and remove the dis- 
tributor head in order to expose the interior of the 
breaker box. Crank the engine slowly until it is 
seen that the breaker cams come together. 
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Fig. 1. Testing the North East ignition coil as used on the 
Dodge. 


2. Disconnect the wire at the contact breaker 
leading from the switch to the contact breaker, and 
insert a low-reading ammeter in the circuit, as 
shown in Fig. 1. (The ammeter shown is the 
model “280” Weston.) 


Note. 


on The use of a screwdriver is not resorted to in this 
est. 


Fig. 1 is used to illustrate several different tests. 


3. Turn on the ignition switch and note the 
amount of current through the primary circuit. 
With a battery voltage of 12 volts, the normal 
amount of current consumed by the coil with the 
engine idle and breaker contacts (P) closed, is 
approximately 2.5 amperes. This will determine if 
the primary circuit of the coil is in proper shape. 
Legh eee ee pee? 
it will read far more than 2.5 and burn out the meter. If a low 


reading is thus obtained, then connect the 3-ampere shunt and 


use the lower reading scale, which is more accurate for low read- 
ings, 


To Test the Secondary Winding 


a) A ground in the secondary from the second- 
ary winding to the coil box cannot be tested with an 
ordinary test lead, because the inner end of the 
secondary coil is normally grounded to the core. A 
ground from the coil to the core can usually be indi- 
cated by burning of the insulation appearing on 
the outside of the coil where the spark has punc- 
tured it. 


b) The simplest method of testing for a short 
circuit of the secondary winding is to substitute 
another coil temporarily for the suspected one, and 
to compare their behavior under similar operating 
conditions. 


c) To test for an open circuit in the secondary 
winding: Remove the high-tension terminal bush- 
ing (B) (Fig. 1) on the side of the coil, and then run 
the distributor unit at a moderate speed with igni- 
tion switch on, while a screwdriver is held against 
the housing with its tip about 14” from the high- 
tension contact button (B) on the ignition coil. If 
no spark jumps, the winding is probably open-cir- 
cuited. Before accepting this as final, however, be 
sure the primary coil winding is in proper shape, 
because the induced current comes from the pri- 
mary coil. 


If the primary winding test shows abnormal 
ammeter readings, either more or less when the 
meter is inserted between switch, coil, and breaker 
box, as in Fig. 1, or if there is an open circuit, then 
aad portions of the circuit should be tested as 
ollows: 


1. Test the wiring from coil to switch by placing 
one lamp test point on 2, and one on 3, then from 
switch to ammeter (2 to 5), and ammeter to breaker 
(6 to 7), to see if these are open circuits, grounds, 
short circuits, or loose connections. Also examine 
the switch and coil connections. The 110 or 220- 
volt direct-current test lamp and leads (Fig. 3 can 
be used for this, but be sure no current is passed. 
through the ammeter and that the ignition switch 
is open. 


2. Test the battery: If the battery shows 2.6 
volts across each cell, it is fully charged. If it shows 
1.8 volts or less per cell, it is discharged. However, 
voltmeter readings are not accurate, for if a battery 
is sulphated, unreliable high-voltage readings will 
result when tested while on charge. Therefore a 
battery should be tested on discharge also. See 
Index for “Testing a storage battery on dis- 
charge.” 


3. Examine Switch, ammeter, and also the storage 
battery connections for loose or poor connections or 
grounds. Quite often poor or loose connections on 


Through the courtesy of N.H. Electrie Co. 
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TESTS OF IGNITION COILS OF NON-VIBRATOR TYPE 


the battery or switch will cause lack of proper cur- 
rent supply, as a loose connection not only causes 
missing, but offers resistance and cuts down the 
current supply. 


To Test the Condenser! 


The condenser in the N.E. Dodge, Model ‘“O” 
interrupter is in the contact breaker housing, and 
connects across the points of the contact breaker. 
One point of the contact breaker in this system, is 
grounded, and so also is one end of the condenser 
(see Fig. 2). The purpose of the condenser is 
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_ Fig. 2. Testing condenser on N. H. (Dodge) model AO? 
interrupter or contact-breaker. 


explained on page 191. On some ignition systems 
the condenser is placed on the coil. 


To test condenser for a ground: Disconnect 
condenser leads (D, D1) from the contact breaker 
mechanism (Fig. 2). Hold one test lead (110 or 220- 
volt direct-current lamp and leads) against the 
condenser case, and touch the two condenser leads 
(D, D1), one at a time with the other lead. The 
test lamp will light if there is a ground; if the con- 
denser is in proper shape, the lamp will not light. 


To test condenser for a short circuit: Separate 
breaker contact points. Place a test lead on each 
of the condenser terminals (D, D1). If the conden- 
ser is short-circuited the lamp will light; if nothing 
is wrong, it will not light. 


To test condenser for an open,circuit: This test 
should be made with a test lamp from alternating 
current. Separate the contact breaker points. 
Hold one test lead on one terminal (D) of the con- 
denser and touch the other condenser terminal (D1) 
lightly with the other test point. If the condenser 
is in proper condition, a slight spark will occur every 
time the test lead is applied. If the condenser is 
open-circuited, no spark at all will occur. In either 
case the test lamp will not light, because even with 
a normal condenser, the current permitted to flow 
through the test lamp is so small that no visible 
effect will be produced. 


To Test Contact Breaker 


. To test contact breaker for a ground: Disconnect 

the wire to the contact breaker binding post at (B), 
(Fig. 2). Separate the contact points. Touch one 
test lead to the shell of the contact-breaker box and 
the other to breaker arm (A). The lamp should 
not light if everything is correct. If the breaker is 


1A method where many coils are tested is to have an inter- 
rupter connected with a drive system of some sort. See Fig. 
12, page 230. 
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grounded it will light. The condenser should be 
tested first, as a short-circuited condenser would 
cause the lamp to light, since it would be in the cir- 
cuit. 

Note. If the contact breaker has two binding posts and 
has an insulated return instead of a grounded return, the test 
should be made with breaker points closed in order to include 


the stationary contact point (S), as well as the rest of the 
breaker mechanism. 


To test contact breaker for short circuit: Discon- 
nect wire at (B) (Iig. 2) to contact breaker. Sepa- 
rate points. Place one test lead on the terminal (B), 
and the other on the stationary contact (S). If 
the lamp lights there is a short circuit. Be sure the 
condenser is in good order, for the reasons given in 
the test immediately preceding. If the lamp does 
not light it is without defect. 


To test contact breaker for open circuit: Make 
the same test, except that the contact points should 
be closed instead of being separated. If the test 
lamp fails to light when the breaker contact points 
are closed, an open circuit is indicated. 


To Test Primary Winding 


To test primary winding of ignition coil for ground: 
Remove the coil-housing cover and disconnect the 
coil leads from the terminal block on the cover (Fig. 
3). Hold one test lead against rod (6) in the center 


Mov.0IREG 
CURRENT, 


SECONDARY COIL 


PRIMARY COIL 


Fig. 3. Testing primary winding of ignition coil, 


of the coil and touch the lead to the primary winding 
terminal (3), then (4). The test lamp will light if 
there is a ground. 


To test primary winding for an open circuit: Place 
one test lead on (3) and the other on (4). If the 
lamp does not light there is an open circuit. 


To test primary winding for a short circuit: See 
paragraphs 2 and 3 under “Locating Ignition 
Trouble.” If the ammeter reads more than 2.5 
with switch closed, points together, and engine idle, 
it indicates a short circuit either in the primary 
winding or elsewhere in the circuit. 


Operating Test: Bench Running Test of N.E. 
Ignition System (Model **O”’) 


The N.E. ignition test! is made on a special test 
bench (Fig. 4) with apparatus designed for the pur- 
pose. 


1Through the courtesy and with the permission of the 
North East Electric Co., Rochester, N.Y. 
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Fig. 4. N. E. ignition test-board for testing the ignition 
system, generator, and cut-out. 


The ignition unit is placed on the test-bench and 
connected to a motor which drives the ignition unit 
under conditions as nearly like those encountered 
in service as practical, and is carried out with a 
range of speeds equal to that of the engine. The 
test-board shown in Fig. 4 is the N.E. testing outfit 
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for testing the ignition system, generator, cut-out, 
etc. 

The ignition unit, consisting of distributor, inter- 
rupter, nd coil, allin one unit (see Index for “Dodge 
ignition unit’’), is connected with a motor which 
drives it at various speeds as stated above. The dis- 
tributor is connected with an adjustable spark device 
(Fig. 4), with the points (P) adjusted to 14” gap. 
The unit is first driven at 1,200 r.p.m., and switch 
(C) is closed. High-tension sparks are at once pro- 
duced at points (P). The speed is varied from 1,200 
to 2,000 r.p.m. A low-reading ammeter is inserted 
in the primary circuit as shown. 


At 500 r.p.m. with a 12-volt fully charged battery, 
the consumption should be nearly 1 ampere; at 
1,200 r.p.m. approximately 0.8 ampere; and at 
2,000 r.p.m., 0.6 ampere. 


The black wires show the primary circuit of the 
coil connected with battery, switch, and ammeter. 
For instance, the primary circuit is from battery to 
(+) terminal, to switch, to ammeter, to fuse, to 
terminal of switchboard 1, to contact breaker, 
through points, to primary coil, from other end 
of coil primary to (—) terminal (3) on switchboard, 
to (—) terminal of battery. 


The secondary circuit of the coil is from the 
secondary terminal of the coil to the center of the 
distributor, thence from terminals on distributor to 
points (P) on spark tester (A), through points to 
ground, to ground of coil. 


A coil on a test should jump 14” in the open air 
without missing. If it will not jump this gap con- 
tinuously, then it is certain not to jump the spark- 
plug gap inside the engine which is under compres- 
sion and thus shows greater resistance. 


For timing the N.E. ignition system on the Dodge, 
see Index under ‘Dodge ignition timing.” 


REMY NON-VIBRATING COIL AND CONDENSER CONNECTIONS 


The condenser is always connected or ‘“‘shunted”’ 
across the interrupter points (P) of all high-tension 
coil primary circuits and magnetos. It can be 
placed on the coil, as shown in Fig. 5, or on the 
interrupter, as in Fig. 6. 
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Fig. 5. Remy grounded ignition system using a non-vibrat- 


ing cylindrical type, two-terminal coil with condenser in coil. 
Note that the condenser is across the contact-breaker points (P). 


The primary circuit (Fig. 5): From (+) of bat- 
tery, to switch, to coil terminal 1, through resistance 
unit, through primary winding to coil terminal 200 
interrupter stationary contact (P1), through moy- 
able contact (P2), to ground, to (—) ground of 
battery. 


N ote that the condenser in the coil is connected 
across interrupter points (P), 
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é The same ignition principle as shown in Fig. 5, but 
with the condenser in the interrupter housing. The condenser 
is shunted across the contact-breaker points (P), as in Hig. 5. 
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Fig. 6. 


The primary circuit (Fig. 6): From (+) of 
battery, to switch, to 1, through resistance unit, 
through primary winding to 2, through points (P) 
on interrupter, to ground, to (—) ground of battery. 


_ Note that the condenser in the interrupter hous- 
ing 1s connected across the interrupter points (P), 


In order to explain the importance of connecting 
the proper wires to a coil where a condenser is in 
the coil, the diagram (Fig. 7 ) is used to show how 
the condenser can be cut out of action to a great 
extent, thus reducing the efficiency of the coil and 
causing sparking at the interrupter points. 
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Primary circuit (Fig. 7) (connected wrong): 
From (++) battery to 2, through primary oanse 
through resistance unit, through points (P), to 
ground, to (—) ground of battery. 
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Fig. 7. The same ignition system as in Fig. 5 with leads to 
and from the ignition coil connected wrong, thus disconnecting 
the condenser from across the contact-breaker points where it 
is required. 


Note that the condenser is not directly across 
the interrupter points (P); the primary winding 
and resistance unit are between one end of con- 
denser (2) and (P1) of interrupter. The proper 
connection is shown in Fig. 5. Coils are usually 
marked (B) for battery, and (T) for timer. Thus 
the terminal from the battery leading to the switch 
and from the switch, should connect with (B) or (1) 
on the coil. See page 209, explaining Remy 2 and 3 
terminal coils; see also page 213, for Delco coils. 


Remy Condenser Instructions and Tests 


Condenser trouble will usually be distinguished 
by severe arcing at breaker contacts. 


Test for shorted condenser: Disconnect the con- 
denser, or, if condenser is inside of coil, disconnect 
coil, Connect terminals leading to the condenser, 
across 110 volts A.C. or D.C. with a lamp in series. 
If lamp lights, the condenser is short-circuited or 
broken down between layers. Test points from 
lamps are indicated as (T) (T1) (Figs. 8, 9). 


On systems using grounded ignition, that is, 
grounded primary winding in ignition coils (Fig. 8), 
connect test point (T) to post (2), to which the lead 
from the breaker is attached, marked ‘‘Timer,” and 
to base of coil with test point (T1), for this test. 

Note. If primary winding has become grounded in this 
type of coil, fe lamp in this test will be lighted the same as if 


the condenser is shorted. However, if the breaker points arc 
badly and are burned, it can be assumed to be condenser trouble. 
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On systems using insulated ignition (primary 
winding not grounded), (Fig. 9), connect test point 
(T) to center post (2), marked “timer-switch” and 
connect (T1) to outside post (3) which has not the 
resistance unit connected to it. 


WNSULATED CONDENSER 
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Fig. 8. Remy ignition coil (two-terminal type) with con- 
denser grounded. 
Fig. 9. Remy ignition coil (three-terminal type) with both 


terminals of condenser insulated. 


Open condenser: An open condenser may be one 
which is disconnected inside of the box or coil tube, 
or one which has opened up between layers so that 
its capacity is very low. With an open condenser 
or one which has no capacity from any cause, very 
severe arcing will occur at contacts as stated above. 


Capacity test: In case 110 volts D. C. is available, 
a capacity test can be made by connecting across 
the condenser with the test lamp in series, then 
disconnect the test lamp and bring the condenser 
terminals together. If a good spark is obtained, 
the condenser is all right. A. C. current is not as 
dependable for this test as D.C. current, although 
with proper care fair results can be obtained. In 
using A.C. current a good spark will not be obtained 
every time the condenser leads are touched together, 
but only occasionally. 


. Ignition coil test: In all battery ignition systems 
a good spark should be obtained at maximum engine 
speed. For testing a coil in the open through ordi- 
nary spark-gap points, which are well cleaned, a 
good coil will jump a gap of not less than 5/16” 
when the coil is connected up in the regular way at 
3,600 or less sparks per minute with breaker points 
opening at a point between .020” and .025”. Test 
coil for at least one hour until well heated up, 
according to the instructions given above, before 
mounting on the car. A coil which cuts out or 
misses under these conditions should be taken out 
of service. 


DELCO INSTRUCTIONS RELATIVE TO TESTS OF RESISTANCE UNIT AND CONDENSER 


Delco ignition coils, interrupters, and distributors, 
as well as adjusting Delco timing contacts are 
explained on pages 213-221. In the present dis- 
cussion we deal with the Delco ignition resistance 
unit and condenser tests. 


Resistance Unit Tests 


Resistance units sometimes break down or burn 
into, with the result that there is no spark at all, or 
a very weak one. 

Connect the coil so that the resistance is cut out 
and note if the spark is improved. See pages 213, 
214, showing resistance on coils. 

A resistance unit, if short-circuited, will permit 
excessive current to pass through the contact- 


points, and this will cause them to be burned or 
pitted excessively, although the ignition may appear 
to be very good and without a miss. 


If the resistance unit is connected properly, it will 
heat up; if it does not heat up it will indicate that 
the resistance unit is not in the circuit. See page 
198, explaining the purpose of a resistance unit. 
Also refer to page 231, relative to the resistance unit 
becoming thin, owing to heat, thus weakening the 
spark, 


Condenser 


If the condenser is not in good condition, the 
contacts will burn and pit rapidly, owing to the 
excessive arcing when they are separated, but the 
ignition will be rather bad if, indeed, it will operate 
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the engine at all, so that the burning of the contacts, 
due to a bad condenser, can, as a rule, be distin- 
guished from burned contacts due to a high voltage 
or to a short-circuited resistance unit. 


A good test for the condenser, by which to show 
whether it is in good condition or not, is to connect 
it up In accordance with the circuit diagram shown 
in Fig. 10. For this test a 110 or 220-volt source of 


fo OR dad 

220 VOLT A 

DIRECT—7 Ly B 

| CONDENSER” 
Fig. 10 


direct current is necessary, a lamp of the same 
nominal voltage as the circuit, and the wiring shown. 
The lamp is connected in series with the line and 
the condenser across the line. 


If the terminals (A) and (B) are connected 
together, a very faint spark, which has a snapping 
sound similar to the sound made when leads from a 
storage battery are attached, should occur. If the 
condenser be disconnected from the circuit, a much 
different arcing will be observed, somewhat longer 
and yellower, and without the distinct snapping 
sound mentioned previously. 


If a condenser, known to be good, is tested in this 
manner once, it will enable the observer to dis- 
tinguish very readily between the sparks at the 
points (A) and (B) obtained with a good condenser 
and a bad condenser, as a bad condenser will give 
the same quality of spark as if no condenser at all 
were in the circuit. ‘This test is a mere qualitative 
test, but this is about the only satisfactory test 
which can be found which does not require expen- 
Sive apparatus. 


If a condenser is in coil, it can be tested in the 
same manner as shown in Fig. 10, by placing the test 
points (Fig. 11) so that the same effect can be had. 
One end of the condenser is usually grounded. 


Condenser and Coil Test Suggestions 


Possibly the most common test is to disconnect 
the doubtful condenser and substitute one that is 
known to be correct. The results obtained when 
using the good condenser will show up the action of 
the original condenser. 


For instance, if an excessive amount of sparking 
is at the contact points, it is probably due to a defec- 
tive condenser. Therefore if a good condenser is 
connected right across and over the condenser to be 
tested, and if the sparking stops, then you may know 
the trouble is with the old condenser. 


Where there are many coils and condensers to 
test, it is a good idea to rig up a contact breaker on 
the bench (Fig. 12), so that it can be driven at 
various speeds, and then to have a good condenser 
across its points which can be connected and dis- 
connected by a switch (SW). Then when a coil 


is tested it can be connected with the contact 
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breaker. If it has a condenser in the coil, discon- : 
nect the condenser on the contact breaker; then 
watch if it sparks at points (P). If it does, cut in 
the good condenser. 
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Also watch the spark at secondary test points (S). 
It should spark for at least 14” to 5/16” without 
missing for, say, 50 or 60 sparks. Be sure the coil 
is well warmed up when making the test. 


If the condenser of the system being tested is in 
the contact breaker, it can be tested without remov- 
ing, by connecting a good condenser so that it will 
be across the points of the contact breaker and 
noting results. 


Home-Made Tester for a High-Tension, Non- 
Vibrating Coil and Condenser 


This device (Fig. 13) consists of a sheet. copper 
plate about 6’’ wide, by 8” long, by 1%” thick to 
serve as a base. 


DRY CELLS 
Fig. 13 


_A magnetic vibrator (V), similar to a vibrator on a 
high-tension vibrator coil, is mounted on the plate 
with fiber blocks (F), as shown. 


The purpose of the device is to produce a vibrating 
action on the end of a coil, thus producing the same 
effect as a vibrator coil. By this method the 
strength or intensity and the constant steady spark 
of the secondary can be tested. 


When testing a coil (Fig. 13), it does not make 
much difference which end is used; furthermore 
the magnetic effect is so great that the vibrator will 
vibrate directly on the metal shell. It is best, how- 
ever, to have the vibrator knob (V) vibrate against 


the er of the coil if possible. Either end could be 
used. 


Fig. 13 illustrates a Remy two-terminal coil with a 
condenser in the coil. With coils where the con- 
denser is in the contact breaker, they should be 
tested separately with a 110-volt test light, as 
previously explained. ‘ 


The primary circuit through the coil is from 
of battery to (1), through primary winding to on 
through vibrator blade (V), through points, to vibra- 
tor screw, through clamp (C), to ground of plate (G), 
to ground on plate, to (—) of battery. The con- 
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denser on the test outfit is across the points of the 
vibrator. By. adjusting the vibrator screw (S) 
the vibrator blade (V) will vibrate, causing a spark 
at secondary spark gap (SG). 


_ The secondary circuit is from the secondary wind- 
ing to a clamp (C3), thence to a spark gap tester 
(SG), which can be made of two finely pointed brass 
rods through a fiber support. The gap of the points 
should be adjusted to 14” or 5/16”. 


Condenser Test 


When making the condenser tests, the object is 
to see if there is excessive sparking at the vibrator 
points. If so, it is probably due to a defective 
condenser and it should then be tested separately 
with test points as described in page 227. 


A good plan is to have another condenser known 
to be in good condition. If there is excessive spark- 
ing, place the terminals of the good. condenser 
across the vibrator points, by placing one terminal 
at (2) and one on screw (S). If the sparking then 
ceases, it is clear that the condenser in the coil is 
defective. A Delco No. 13057 (Packard) condenser 
which has two leads would be a suitable condenser 
for use in this manner. See Index under “Testing a 
magneto condenser,’’ which shows a similar method 
of using a device as herein described. 


The quality of the spark should be closely 
observed when testing the condenser. If the spark 
at the tester gap (SG) is fiery, showing glints of 
purple or purplish-red flame, the coil is normal. If 
the spark is thin, thread-like, and whitish or very 
light blue, and there is a snappy spark at the breaker 
points, the indication is that the condenser is punc- 
tured. This can then be checked by placing an 
extra condenser, known to be in good condition, as 
described above. If the coil will deliver a good 
spark when connected to a known normal condenser 
and will not give a spark when the condenser is dis- 
connected, the proof is conclusive that the coil con- 
denser is defective. 


A great deal of stress is laid on the condenser test. 
This is advisable for the reason that condenser 
failure causes about 90 per cent of coil failures; 
therefore, when testing coils the condenser is always 
suspected. While open and short circuits in the coil 
windings do sometimes occur, they are compara- 
tively rare and need hardly be considered. 


Coil Test 


Operate coil and see if it will produce a spark 
continuously at gap (SG) for at least one hundred 
steady sparks without missing with gap 75”. If 
there is a safety gap on the coil being tested, the 
gap (SG) should be slightly less than the gap of the 
safety gap on the coil. 


A high-tension coil when in operation at normal 
speed should draw about 2 amperes. 


Resistance Unit Test 


In testing a coil such as the Delco or Remy with a 
resistance unit in it, test with the resistance in 
circuit and with the resistance out of circuit. This 
ean be done by making connection on the opposite 
side of it from 1 (Fig. 13) thus cutting it out. 


This may be the cause of a weak spark, because 
the resistance burns out at times, and, if not burned 
into, may be thin (owing to heat), and thus reduce 
the quantity of current going through it, conse- 
quently weakening the spark. By cutting it in and 
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out of circuit, the intensity of the spark at gap (SG) 
can be observed. 


Many coils are equipped with resistance units. 
If current cannot be passed to the coil through the 
regular terminals, it may be suspected that the resist- 
ance unit is burned out. This can be determined 
by touching a test wire to the central nut which 
holds the unit in position. This has the effect of 
cutting the unit out completely and sending the cur- 
rent directly to the primary windings. If current 
does not flow, the indication is that there is a break 
between the resistance-unit screw and the end of 
the coil winding inside the cartridge. 


If a coil is defective, in that the secondary spark 
is weak or misses, or if the condenser permits exces- 
sive sparking at contact points, thus causing a weak 
spark, then the chances are that it would cost more 
to repair the coil than it would be worth. 


In some instances the condenser ground comes 
loose in the coil where it is soldered. This can be 
remedied by soldering. 


Ignition resistance units can easily be fitted if burned out, or 
condensers can be replaced when in contact breakers, but if the 
coil is defective otherwise, do not attempt to repair it. Send 
it to A. L. Dyke, Elect. Dept., St. Louis, Mo., or to the manu- 
facturer, and obtain a new one.! 


Parts: Contact-breaker arms and screws, ignition resistance 
units, condensers, etc., can be carried in stock for different 
ignition systems most in use in any particular vicinity. Such 
parts can be secured of the manufacturer or of A. L. Dyke, 
Hlect. Dept., St. Louis, Mo. 


The United Motor Service, Detroit, Michigan, supplies 
parts for Remy and Delco apparatus, and issues a catalog of 
parts. ? 


Clamps for connecting wires, such as shown in the illustra- 
tion, are very handy for all testing purposes. They can be 
obtained of A. L. Dyke, Elect. Dept., St. Louis, Mo. The 
size is No. 8, trade No. 90239, price 30 cents each, 


Spark-Plug and Lamp-Bulb Portable Testing 
Outfit and Test Board 


A spark plug and lamp testing portable outfit 
illustrated in Fig. 14, is handy for carrying from one 
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Fig. 14. Spark plug and lamp testing portable outfit. 


BAYONET SOCKETS 
LO» Mov ® 


TEST TERMINALS 


© © 
ERR SAFETY 
SWITCH 
E TEST \ GAP 
ie rie 


Fig. 14A. Showing parts as mounted on the top of the 
testing outfit shown in Fig. 14. 


part of the shop to another, for testing on different 
cars. Several dry cells are placed in a long, narrow 


1 To find the make of ignition system used on different makes 
of cars, see Index under “Specifications of Leading Cars. 
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box, and connected through a switch to the testing 
terminals. The switch throws the two types of 
lamp sockets (single and double contact) into the 
circuit, and the push button connects the batteries 
through the spark coil to the plug-testing rests. 
This unit is compact enough to be taken directly to 
the job. 


Lamp Sockets 
Ae AN 


Test 
Terminals 


Fig. 15. Wiring of a test board for testing bulbs, fuses, 
spark plugs, and horns. This can also be used as a guide in 
connecting the portable outfit shown above. 


A test board, which can easily be constructed, for 
testing spark plugs, coils, lamp bulbs, fuses and 
circuits, is shown in Fig. 15. Quite often a lamp 
does not burn. It may be due to the lamp being 
burned out, or to an open circuit in the wiring. In 
order first to determine if it is due to the lamp bulb, 
it can be quickly tested. If it is in proper condition, 
then the trouble is in the wiring. This also applies 
to the fuse. When the test terminals are not being 
used to test a circuit, connect jumper (J) across 
them to permit testing of lamps and fuses. 
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Testing an Electric Horn 


The electric horn can be tested by placing an 
ammeter with the 30-ampere shunt in the circuit, 


Fig. 16 
as shown in Fig. 16. Then adjust to take the least 


possible current. The average horn draws from 3 to 
8 amperes, according to its size; see Index under 
“Electric horns.” ‘The ammeter can also be used 
to test the horn for short circuit or open circuit. 


Test Lamps and Test Points 
This subject is treated farther on. See Index. 


Manufacturers of Ignition Devices 


Bosch: American Bosch Magneto Corp., Springfield, Mass. 


Delco: Dayton Engineering Laboratories Co., 329 First St., 
Dayton, Ohio. 


N.E.: North-East Electric Co., Rochester, N.Y. 


Wagner: Wagner Electric Mfg. Co., 6400 Plymouth Ave., 
St. Louis, Mo. 


Berling: Ericsson Mfg. Co., 1125 Military Road, Buffalo, N.Y. 


Connecticut: Connecticut Telephone & Electric Co., 61 Bri- 
tannia St., Meriden, Conn. 


Simms: Simms Magneto Company, 278 N. Arlington Ave., 
East Orange, N.J. 


Westinghouse: Westinghouse Electric & Mfg. Co., 82 Worth- 
ington St., Springfield, Mass. 


Remy: Remy Electric Div. of General Motors Corp., 1623 E 
Grand Blvd., Detroit, Mich. 


Splitdorf: Splitdorf Electrical Co., 98 Warren St., Newark, N.J. 


INSTRUCTION No. 23 
SPARK PLUGS: The Missing Spark; Spark Intensifier 


Spark Plugs 


The purpose of spark plugs is explained on page 
188. There is usually one spark plug for each 
cylinder. 


Location of spark plug in cylinder: The spark 
plug can be placed in the cylinder as follows: over 
the center of the piston, over the exhaust valve, or 
over the inlet valve. The first position is not the 
best, as it is found that it too easily becomes fouled. 
If screwed above the exhaust, it will likely miss fire; 
this is on account of the dead gases surrounding it. 
The correct position is over the inlet valves, as it 
will be kept cool by the inrush of fresh gas, and it is 
in an atmosphere perfectly suited for explosion 
directly the spark appears, as this is the more 
perfectly scavenged part of the cylinder, i.e., in the 
direct path of the fresh gas. 


The plug is usually placed over the inlet valve on 
“T” or “T’-head cylinders. In the overhead valve 
type, the plug is placed in the top center or in the 
side of the cylinder. It is exposed to the full heat 
of the explosion when overhead, directly in the 
center of the bore; consequently in a high-com- 
pression engine, a well-made plug, gas-tight and 
free of electrical leaks, must be used. 


Double ignition: On the Stutz and Pierce-Arrow 
engines, there are two spark plugs in each cylinder, 
which is an advantage, in that a very hot spark is 
produced which ignites all of the gas more quickly, 
thus saving in gasoline consumption. One spark 
plug is placed on the exhaust side of the cylinder 
and the other spark plug on the inlet side. See 
Index for ‘“‘Pierce-Arrow ignition and wiring dia- 
gram.” 


As previously stated, where one spark plug per 
cylinder is used, the usual location is in the neighbor- 
hood of the inlet valve, as it should be surrounded 
by fresh gas that enters during the inlet stroke. If 
it is located on the exhaust side, dead gas will collect 
about the plug electrodes and cause missing, and 
also heat. 


It is also desirable to have the plug where the 
water jacket surrounds it, as in Fig. 4, to avoid 
overheating, else the plug electrodes are liable to 
be overheated and become incandescent and to 
cause pre-ignition. 


a 
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Fig. 1. Valve cap too thick; out of the path of the gas. 
Fig. 2. Recess around the plug shell retains heat. 


A poor location is shown in Fig. 1. When set in 
a thik valve cap (V) with short threads, dead gas 
accumulates in the recess and causes missing at slow 
speeds. Fig. 2 shows another poor method. The 


recess accumulates heat, and metal extension is 
liable to result in a plug becoming red hot and warp- 
ing electrodes, altering the size of the gap. 
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Fig. 3. Correct position of plug in valve cap. 
Fig. 4. Correct position of plug when set in water jacket. 
Fig. 5. Plug reach too long. 


A good location is where spark-plug points or 
electrodes just reach the combustion chamber, 
where cool fresh gas will come in contact with them 
and flame will spread with maximum rapidity, as in 
Figs. 3 and 4. 


When the plug extends too far in the combustion 
chamber, there is danger of the valve head striking 
it (Fig. 5). 


For spark-plug lengths, see page 235. 


Spark-Plug Construction 


Construction: There are two types in general use: 
the ‘‘separable” type plug, where the insulation or 
core can be removed, as shown in Fig. 6, and the 
‘“ntegral,” or one-piece plug, shown in Figs. 10 and 
1 
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Fig. 6. Parts of a porcelain insulated spark plug—separable 
type. 


The parts of the plug are: the iron shell or body 
which screws into the cylinder (see Fig. 6); the 
insulation which is held in the shell by the bushing 
or a gland nut; the electrode which passes through 
the insulation. Washers or gaskets are used as a 
gas-tight packing (Fig. 6). 


The insulation is sometimes made of mica (Fig. 7), 
but owing to the construction, which is usually with 
washers, it leaks or permits current to pass to the 
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electrode, especially when oily. The insulation in 
general use is poreelain, and this, unless of the best 
grade (not porous) will also leak, thereby weakening 
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Parts of a mica insulated spark plug—separable 


the spark. It is difficult to secure spark plugs which 
will not absorb oil and cause leakage. 


Spark plugs for aeronautic use: Mica is used 
extensively on plugs for aeronautic engines (Figs. 
8 and 9). They are used but a brief time, and new 
ones are substituted. 


Fig. 8 Fig. 9 


The aeronautic type of spark plug is designed for 
great heat and high compression. The spark plug 
shown in Figs. 8 and 9 is made of mica and is very 
costly to construct. Note the heat radiation 
flanges on the shell; also the baffle plate (O) which 
tends to keep oil from the mica; stem (P) made of 
brass or copper for heat conductivity; electrode (J) 
is swedged at bottom of stem (K). The core is of 
mica washer sections (I), with a mica insulation 
tube at (D). The usual gap opening is .015”” to 
018”. They are subjected to a pressure of 90 to 
110 Ibs. The life of a plug of this type is 25 to 
100 hours. 
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The parts of the Splitdorf mica aeronautical 
spark plug (Fig. 8) are as follows: brass terminal, 
mica washers, lateral wound mica, steel center rod, 
98 per cent pure nickel electrode point, carbon steel 
from brass terminal to electrode, and carbon steel 
shell. 


The AC Titan, one-piece porcelain spark plug is 
used on the Liberty 12-cylinder engine. There are 
two spark plugs per cylinder to the Liberty 12 engine. 


Separable Spark Plugs 


Separable spark plugs are those in which a gland 
nut or bushing holds the porcelain or mica in place, 
as shown in Figs.6and7. Plugs of this type have a 
tendency to leak and cause missing, especially at 
low speeds and hard pulls, or on high-compression 
engines. The integral plug appears to gain a point 
in its favor here. 
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Fig. 10.. Integral type of spark plug with mica insulation. 
This plug is not separable. 


Fig. 11. Integral type of spark plug with porcelain (P) or 
composition insulation. This plug is not separable. 


The electrode (C) should be made of manganese 
nickel alloy. If not properly made it will expand 
under intense heat and break the porcelain. Spark- 
plug electrodes, or wires are approximately .050’ or 
060” diameter. Best results are obtained with 
ROn0ke 


Cement is placed around the electrode. As it 
dries, it becomes porous, and porosity means elec- 
trical leaks. 


Thus, it will be clear that “leakage of gas” and 
“leakage of electricity” are the troubles to be over- 
come in spark-plug construction. Leakage of gas 
causes “leakage of compression,” and leakage of 
electricity causes a “weak spark.” 


Poor throttling, poor pick-up, missing on hard 
pulls and high speeds, are frequently caused by using 
a poor grade of plug. Of course there are other con- 
ditions which will cause this, such as carbonized 
insulators, or too close or too wide a gap at the plug 
points, or improper carburetion adjustment, but 
assuming that these troubles are corrected, the 


Fig.12. Double spark plug—shell is not grounded. P1 and 
P2 are separate porcelain insulators, 
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leakage of gas and electricity are two of the funda- 
mental troubles seldom noticed. 


Therefore, the highest priced plug is often the 
cheapest. Likewise, a poor grade of ignition coil, 
when hot, will lose its efficiency. 

Spark-Plug Sizes and Threads 


Different threads and different lengths of spark 
plugs are used, illustrated in Fig. 13. 
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Fig. 13. Regular length of 14”, metric, and 7”’ spark plugs. 


Spark plugs are made with three standard threads 
(see Fig. 13): the 19” pipe thread; metric; and 
14-18 S.A.E. 


The half-inch size is a thread which is a standard 
14" iron pipe size, and has a slight taper. 


The seven-eighths inch 18-size is the size which 
was adopted as a standard by the Society of Auto- 
motive Engineers for automobile use. It was 
formerly known as the A.L.A.M. The thread is 
7%" in diameter, with 18 threads to the inch. It is 
used on a majority of the cars today. 


The metric size is smaller than either of the 
others. Its diameter is 18 millimeters, or approxi- 
mately 11/16”. This is the size of thread for spark 
plugs, adopted by the Society of Automotive 
Engineers for aeronautic engines. It is also used on 
some makes of automobiles and motorcycles. It 
is used extensively abroad. 


S. A. E. Spark-Plug Shell Sizes 


Figs. 14 and 15 show the two 8.A.E. spark-plug 
shells. It will be noticed that the diameter of the 
hexagon part of shells differs. The “small hex.” 
measures 7%’’ across the flat, and has a round gasket 
flange. The “large hex.”’ measures 114”. 


S.A.E. spark plugs are all 74’’-18, meaning that 
the outside diameter is 7%’’, and that there are 18 
threads to the inch. 


Gaskets used with the S.A.E. spark plugs of 74” 
size measure 7%” inside diameter and 114” outside 
diameter. The ‘‘S.A.E. Reg.’”’ measures 13/16” 
from shoulder to firing point, and the “S.A.E. 
Long’’ measures 1 1/16”. 


The 74’ S.A.E. plug requires a special tap cutting 
of 18 threads, whereas the standard 7’’ thread is 
14 threads to the inch. 
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Fig. 14 Fig. 15 


Spark-Plug Lengths 


The length of a spark plug depends upon the 
engine. If the valve cap is deeply recessed as in 
Fig. 16, a long body plug is required, otherwise the 
wrench could not reach the hex. If it is not recessed, 
a long thread is required. If, however, the valve- 
cap plug should not screw well down into the com- 
bustion chamber, an extension of the spark plug is 
required, for it is important that the points of the 
plug extend to the combustion chamber. 


Fig. 16. Note the long body for raising the hexagon part 
of the plug above the recess in the valve cap so that a wrench 
can be applied. Different kinds of valve caps require different 
lengths of plugs. This plug is of the integral type. 


Note that the plug points must not extend too 
far (see Fig. 5). This extension depends upon 
the distance the plug is to extend; therefore they 
are made with 1%” and 1” extension. Figs. 17 to 
19 will make this clear. 


Regular length 


1%" Long 
boay 


4" Extension 


Regular 
Length 


¥" Long 1) a 
Body i a= Up 


1" Threaded gaa 


4” Extension 


eae a enor 1” Extension ai 
W” Extension lai 14" Extension ilo 
Fig. 17 Fig. 18 
Vig. 17. 17/’-18 (threads per inch) S. A. E. thread spark 


plugs with different length of body or shell. 


Fig. 18. 14” pipe-thread spark plugs showing the different 
lengths of body. 
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Fig. 19. The metric thread (18 m.m.) spark plug which is 


also made with different body lengths as shown. 


Spark-Plug Sizes and Lengths Used on Leading 
, Cars 


Practically all cars, with the exception of the 
following, use the 7¢” size spark plug with 18 threads 
per inch and of the “regular” type, as shown in 


Fig. 17. 


Essex, A: metric, regular, Fig. 19. 

Ford, T: 14” pipe size; regular, Fig. 18. 
Jordan, M: 1%/’-18, extension, Fig. 17. 
Locomobile, M-48: 1%/’-18, special. 

Nash: 17/’-18, extension, Fig. 17. 

Nelson: metric, regular, Fig. 19. 

Olympian, 45: 74’’-18, extension, Fig. 17. 
Overland, 4: 14” pipe size, extension, Fig. 18. 
Porter, 46: metric, regular, Fig. 19. 
Scripps-Booth, B-39: 7%/’-18, extension, Fig. 17. 
Stephens, 80: 7’’-18, extension, Fig. 17. 
Studebaker: 14” pipe size, regular, Fig. 18. 
Willys-Knight, 20: 174’’-18, special. 


Gaskets for Spark Plugs 


Copper, asbestos-lined gaskets are used between 
bushing and shell on all “separable” plugs, to make 
them leak-proof. They are also used on 7%” and 
metric plugs between the shell and where they screw 
into the cylinder—but not on the 14” plug, because 
it has a taper thread and no shoulder on the shell. 


% y 
USED ON SHQPLOER 78 
SS) AND METRIC sit NOT ON 
YoINCH AS THE THREAD 
I) TAPERS 


Fig. 20. Spark plug copper gaskets. Measurements of 
gaskets are as follows: S. A. E.: 7%” (inside di. 14”; outside 
di. 114”); Half-inch: (inside di. 27/32’; outside di. 1 3/32”); 
Metric: (inside di. 23/32’; outside di, 63/64’). 


Spark-Plug Wrench 


No.1. The 7%” end of this wrench fits all stand- 
ard spark plugs, such as the Spitfire, Reliance, Ra- 
jah, Red Head, and many others; the 1” end fits the 
Sootless, Reliance; the 74” fits the Herz, Bosch, 
and others. 


No. 1 


l No. 2 
Fig. 21. Spark-plug socket wrenches, : 
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No.2. The 11%” end fits all standard spark plugs 
of the large “hex.” type, such as the Champion, 
De Luxe, and others. See alsa Index under ‘‘Spark- 
plug wrenches.” 


Spark-Plug Gap é 


The gap is the distance between the points on the 
plug shell and electrode. It is important that this 
distance be exact. 


Fig. 22. Different kinds of plug points or gaps. 

A spark plug used with magneto ignition should 
not have too wide a gap, because, when the engine is 
running slow, the current is weaker. 


Relation of spark-plug gap to engine compression: 
Assume that we have a four-cylinder magneto, the 
“safety gap” of which is set at 3¢’’, corresponding to 
8,000 volts, which also corresponds to the voltage 
required to fire a spark plug having a gap .025’ 
under a pressure of 65 Ibs. If this magneto was 
required to fire an engine where there was a higher 
compression of 85 to 90 Ibs., even if the mixture 
represented slightly lower resistance, it would prob- 
ably fail to fire and, instead, would jump across at 
the safety gap. However, a slight reduction of 
the distance between the spark-plug points would 
lower the effective pressure, so that it would operate 
in the proper manner. On the other hand, if the 
engine had low compression, the spark-plug points 
should be opened up, but if too wide, this would 
immediately place a greater strain on the spark-plug 
insulation and if the plug carbonized badly it would 
be likely to flash over. 


Spark-plug gap and compression: For high-com- 
pression engines (75 to 80 Ibs.) set gap .020”; for 
medium-compression engines (65 Ibs.) set gap .025’; 
for low-compression engines (55 Ibs.) set gap .030/. 
See Index for “Compression.” 


Tt does not always hold true, however, that spark- 
plug gaps should be set according to compression, 
because on some engines of high compression the 
gap is not made less, but the coil is wound for a 
stronger current to take care of the extra high resist- 
ance. 


Greater resistance at spark-plug gaps in high- 
compression engines is due to the fact that air offers 
less resistance than does gas under pressure. A 
spark plug in the open air will jump a greater dis- 
tance than when under pressure. The higher the 
pressure, the greater the resistance at the gap. 


_ The space between the spark points must be con- 
sidered an insulator, and it must be remembered 
that the compressed charge in the cylinder through 
which the spark is required to jump is a better 
insulator than uncompressed air. 


A spark that will jump the point or gap of a spark 
plug when the plug is out of the cylinder may not 
have strength enough to jump when the plug is 
screwed in the cylinder and under compression. So 
the spark must be especially strong, and should be 
able to punch a hole through a visiting card held 
between the points. 


SPARK PLUGS 237 
ee ee eee NUT et eee 


It is essential that the battery be kept charged 
so that it will deliver its proper voltage with a 
“single-spark’’ system—as it is quick and must have 
pressure enough behind the coil to cause a hot 
spark. 


If points are too close, it will be impossible to run 
sony, for the actual area of the flame will be too 
small. 


If the gap is too wide, misfiring (on a high-com- 
pression engine) is likely to take place, especially 
when one cries to accelerate suddenly, after going 
slow. The effect of opening the throttle and admit- 
ting a full charge is to increase compression, and it 
1s a well-known law that resistance increases with 
pressure. 


The coil will operate up to 1/32”, but bear in 
mind that the greater this distance, the more strain 
on the coil and the “leaner” the spark. 


_ Therefore the gap depends upon: (1) the kind of 
ignition system; (2) the amount of compression 
of the engine. 


Where a vibrator coil is used, the usual distance 
is about 1/32’. With a “single-spark’”’ system, 
however, such as the Atwater-Kent, where the spark 
is very quick, the gap must-be very small, about 
.025’.. In fact, this is the average distance. 


On 4, 6, and 12-cylinder engines, the spark-plug 
gap is .025” and on 8-cylinder engines .020’.. The 
spark-plug gap where a Bosch NU4 magneto is used 
is .016”. 


To experiment, try setting the plug point on, say, 
one cylinder until it misses on a hard pull up hill 
with throttle closed or as much closed as it will pull 
up the hill comfortably. Then slightly close the 
gap and try the hill again, and continue experiment- 
ing in this way until the missing stops. When the 
correct distance is found, then set the other plugs 
accordingly. 


Where spark plugs are used on magneto ignition, 
and also on the Ford, the metal electrode of the plug 
is carefully figured out as to its resistance capacity, 
as a very heavy voluminous spark requires an 
electrode of somewhat higher resistance metal, 
to prevent burning and pitting. Therefore always 
use a spark plug that is recommended by the 
manufacturer. 


To Clean Spark Plug 


To clean a spark plug: Unscrew the bushing which 
holds the porcelain in the shell, remove the porcelain 
(or mica) and soak the shell and porcelain in kero- 
sene or gasoline. Clean all carbon off each. Don’t 
scrape porcelain, as it will roughen the glazed part 
and cause it to retain carbon, and will also cause 
“porosity,” which causes electrical leaks. If the 
oil is burned on the porcelain, muriatic acid will 
remove it. In placing the porcelain back into the 
shell, be sure that the copper washer is placed back 
and that the bushing screwed tight so as to pre- 
vent leaking. Alcohol is also used for cleaning 
spark plugs. 


SPARK INTENSIFIER 


This device consists of an insulated base and 
screws for adjusting (Fig. 23). 


ELECTRODE HIGH, TENSION 


CURRENT 


Fig. 23. 


Spark intensifier. 


The purpose is to provide a gap (X) in series with 
the high-tension circuit for the spark to jump before 
it reaches the plug. It is claimed that this will 
intensify or raise the voltage of the high-tension 
circuit to such an extent that it will jump across a 
carbonized plug in spite of its fouled condition. 


The extra gap throws an additional load on the 
coil. Naturally, if it is not well made, the high 
voltage will be very likely to break down the insula- 
tion. Furthermore, a fat voluminous spark is hotter 
and will ignite the gas quicker than a thin, lean 
spark. Although the intensified spark will jump 
across the fouled part of a plug, the spark is thin, 
and it is best to use good clean plugs. It is a ques- 
tion whether or not the intensifier will add anything 
to the efficiency or performance of a clean-running 


engine; if so, the gap at the spark-plug points might 
be widened. ‘This, of course, would be impractical 
as the gap under compression offers more resistance 
to a jump than in the open air; but at that, if the 
gap in the cylinder was widened in proportion, this 
cylinder would likely miss fire. 


One theory is that the intensifier is beneficial where 
a plug has a tendency to collect drops of oil on the 
points, and that by increasing the intensity the spark 
will jump through the oil. There is one thing cer- 
tain, and that is that any electric current is going 
to follow the path of least resistance. 


The action is this: In order to cause the spark 
to jump the gap (S) at the spark plug in the cylinder, 
5,000 or more: volts are required. Suppose, how- 
ever, that the spark plug has an accumulation of 
carbon from the porcelain insulation to the plug 
shell, or a crack in the porcelain which fills up with 
carbon, oil, and dirt, as at (C) to the electrode (Fig. 
23). Although this path is longer than the spark- 
plug gap, it is not under compression and thus it 
offers less resistance than does the gap (S), or, in 
other words, it requires less voltage to go over the 
carbonized path. There is then a leak of voltage 
at the carbonized path which prevents 5,000 volts 
reaching the plug-gap (S). This explains the reason 
for its missing. 


If the intensifier gap (X) is provided, this tempo- 
rarily acts as a dam to the flow of current, and, like 
flowing water, it will pile up against the dam and 
thus establish a greater force when released. After 
the breakdown of the dam, the current comes with 
such a rush that it cannot all pass through the carbon 
path, and as its voltage is now sufficient, it will also 
jump the spark-plug gap. 
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THE MISSING SPARK 


If the engine misses explosion, the trouble may 
be due to carburetion being at fault (see “Digest of 
troubles” and ‘“Carburetion’’). Jf the trouble is 
not with carburetion!, then the chances are the 
spark plug is missing through being fouled. The 
spark plug causes more trouble in this respect than 
any other part of the ignition system. 


The cause of spark-plug sooting and pre-ignition: 
A poor grade of oil or too much oil will turn to carbon 
(soot), and will deposit on the end and inside of the 
spark plug, and “short-circuit” the plug, so that 
the spark will not occur at the point, consequently 
causing missing of explosion. 


Poor oil or too much oil will also leave carbon or 
soot deposit on the end of the piston and inside of 
the combustion chamber. This deposit hardens, 
and sharp points of it will project. This projection 
will become. white hot, causing the gas to ignite 
before it is time. This is called premature or “pre- 
ignition.” 


Spark-plug troubles are therefore usually as 
follows: short circuit from carbon, cracked porce- 
lains, electrodes burned away, spark plugs not pres- 
sure tight, moisture condensing on insulator. 


There are several general causes for ignition 
missing, or for a failure to ignite the gas, as follows: 


1. Lack of current from the battery. 
2. Loose connections. 


3. Burned out or thin resistance unit occasioned by excessive 
heating, thus permitting only a small amount of current to 
pass through. 


4, Improperly set interrupter points. 


5. Defective condenser, causing sparking at the interrupter 
points and weakening the spark. 


6. Defective primary winding. 


7. Spark-plug crack on that part of the plug which is not in 
the cylinder under compression. This crack fills up with 
oil and dirt, and while the crack is longer than the spark- 
plug gap, it is not under compression. The result is, usually, 
es at low speeds and hard pulls, but hitting on high 
speeds. 


The reason for this is because at low speeds and on hard pulls 

the throttle is wide open and the low piston speed greatly 
increases the degree of compression. Compression offers 
greater resistance; therefore the spark takes the easiest 
path, through the carbon. 


At high speeds, the cylinders do not have time to fill up 
with gas and, the piston speed being greater, the degree of 
compression is not so great in comparison; thus there is 
sufficient voltage to jump the gap. 


8. Carbonized spark plugs, of course, will cause missing at 
low or high speeds. : 


9. Burned points, due to excessive current. For instance, 
the Ford spark plug, unless of the proper quality of metal 
in the electrode, will burn the points badly due to the excess 
of current. This coil should be adjusted according to 
instructions on page 222, and only high-grade Ford plugs 
should be used. 


10. Moisture on the outside of the porcelain at high voltages 
will cause the current to leak over the surface of the shell 
as in Fig. 24 (10). 


EB) 
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Fig. 24. Spark-plug troubles, 


_ }Carburetion troubles are dealt with elsewhere.” Missing 
1s quite common when first starting the engine with cold 
unvaporized gasoline. Therefore be sure that the trouble is 
not due to carburetion, 


11. Points may have come together as in Fig. 24 (11), when 
they were screwed into the cylinder. 


12. Wire may be loose on the terminal (Fig. 24) (12). 


To adjust the gap, use a thickness gauge or 
paper (Fig. 24) (13). Adjust to 3” for vibrator 
cou ignition; to .025’’ for non-vibrator coil ignition, 
and to about #:” or .015 to .020” for magneto 
ignition. 


To Find Cause of Missing 


First, check the ignition circuit, and also find the 
cylinder which is missing by loosening the spark- 
plug wire from one plug at the time and holding it 
about 3/16” away from the spark-plug shell (Fig. 
25). With the engine running slow, the sparks 


Fig. 25. Testing ‘the ignition system by observing the 
steadiness and intensity of the spark. 


should be counted for at least 50 without missing. 
It is safe then to assume that the ignition is doing 
its part. 


If there is missing and the spark is not hitting 
regularly, then clean the interrupter points and see if 
they are properly adjusted; look for loose connec- 
tions; see if the current from the battery is of 
proper strength; try another coil, if results are not 
obtained otherwise. 


Second, check the spark plugs. It is useless to 
check these until you first know that your ignition 
system is in perfect order. If good sparks have been 
obtained on the first test, then proceed to test each 
spark plug with the engine running and the ignition 
switch “on,” as follows: 


Place the point of a screwdriver (Fig. 26) on top 
of the plug terminal, and hold the metal part of the 


Fig. 26. Testing to locate the spark pl ichi issi 
Te > tk plug whichis missing, 
after determining that the missing must be sc ttribytable to the 
spark plug. (Be sure to use a wooden handle screwdriver, and 
do not stand on damp ground, thus avoiding a shock.) 


screwdriver on the metal part of the engine, th 
killing the spark in this cylinder. er i 


_If there is now no noticeable difference in the rum 
ning of the engine when the spark plug is cut out 
in this manner, it is evident that this plug has not 
been firing even before it was killed or shorted by 
the screwdriver, Thus the missing plug is located. 


SPARK PLUGS 


It is possible that a sticking valve or other engine 
trouble may cause missing. Remove the spark plug 
from a cylinder which you know is not missing and 
exchange it with the plug in a cylinder which is 
missing. If the missing continues, then you know 
it is not in the plug. 


On eight-cylinder and twelve-cylinder engines it 
is difficult to locate missing. A good plan is to 
detach all the spark-plug wires from one side, or 
block, and lay the wires on the engine (in order not 
to overload the coil). Also open the relief valves, so 
that one side only will run on power. Thus it is 
easier for the test as outlined above. 
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Fig. 27 Fig. 28 


To test a spark plug to see if it is carbonized: 
Place the spark plug on the cylinder with wire con- 
nected and switch on (Fig. 27). Crank the engine 
slowly. If the spark occurs at the gap (X) the plug 
is in order. If it sparks up inside of the shell, 
between the porcelain and shell at (Z) (Fig. 28), it 
is fouled and misses. It must then be taken apart 
and the carbon must be removed. 


Remember the plugs may spark in the open air, 
but when under compression will fail to spark, 
because the resistance is greater. Therefore be 
sure the spark-plug gap is correct. 


UJ 
on 
Fig. 26 


Too much oil in the combustion chamber may 
have a tendency to cause missing due to the current 
passing through the oil. A good plan, if the plug 
points are of the type shown in Fig. 29, is to bend 
the outside point, as shown, which may cause the 
oil to collect at the bend instead of the gap 
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To test for a spark-plug leak around the porcelain 
at the top (A) of bushing or below (B) where the 
bushing is screwed into the shell of plug (Fig. 30): 
squirt gasoline at these points, while the engine is 
running and note if bubbles appear. If so, there 
is a leak, and if tightening of the bushing does not 
remedy the trouble, then put in a new gasket. 


CME: 


TERIAL 


Fig. 31 


A method often used to see if a cylinder is firing 
is to open the relief cocks, one at a time (Fig. 31). 
Watch for the flame shooting out of each opening 
and listen for the sharp reports of the explosions. 
The cylinder without flame, out of which issues only 
hiss, but no sharp report, is the one at fault. 


This test, however, is not reliable, because, when 
the relief cock is open, air is drawn into the cylinder 
which mixes with the carburetion mixture and thus 
changes the proportions of the mixture. 


The Airco Ignition Tester! 


The tester consists of an insulating hard rubber shell into 
which is packed a sensitized glass tube of Neon. When the 
metal cap, which permanently seals one end of the tester, is 
brought into contact with a high-tension electric current, the 
Neon becomes luminous and emits flashes of orange-red light, 
visible through the indicator opening in the side of the case. 


Fig. 32. The Airco tester as applied to the end of a spark 
plug. Flashes occur in the white gap if there is current. If 
placed on an insulated wire conducting a high tension, current 
flashes will occur. 


The active element in the Airco ignition tester is a gas which 
the Air Reduction Company extracts from the air through a 
process of mechanical and chemical operation. This particular 
gas which is known as ‘‘Neon”’ has the peculiar property of 
becoming luminous when brought into contact with electricity. 
(See Index under ‘‘Neon gas.’’) 


Neon, as applied to the Airco ignition tester, is contained in a 
small glass tube, the ends of which have been plated similar to 
the manner in which a mirror is silvered. ‘The entire tube is 
then packed inside of a hard-rubber shell, and a quantity of 
steel wool is used to make the contact between the metal cap of 
the hard-rubber tube and the silvered end of the glass tube 
containing the Neon, By placing this device to the end of 
the spark-plug terminals, or even on the insulated wire itself, 
if there is a high-tension current passing in the wire, the gauge 
becomes luminous or emits flashes. 


The following indications point to trouble: 


No flashes: Spark plug completely fouled or shorted, or no 
current to the plug. 


Flashes continuing for an unusual distance as the gauge 
is withdrawn from the plug: Broken plug—probably broken 
porcelain. 


Very intense flashes: Spark gap too wide. 


Overlapping flashes (not clean-cut with each piston stroke): 
Leaks between feed wires or fouled distributor. 


Dim or irregular flashes: Plug partly fouled, or feed wire 
leaking excessively. Mxamine plug. 


! Manufactured by Edw. A. Cassidy Co., New York, N.Y. 
Can be obtained of A. L. Dyke, Electric Department, Granite 
Bldg., St. Louis, Mo. Price $1.00. 
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WIRE FOR IGNITION SYSTEMS 


There are three kinds of ignition wire for general 
use with the ignition system of a car, as follows: 


Primary wire or cable, made of several strands of 
fine wire in order to make it flexible and insulated, 
oil and moisture proof. ‘This wire is usually used 
between the battery, coil, and timer for all low-ten- 
sion work, and must be of sufficient size to carry the 
current. Usually No. 14 or No. 16 size is used. 


Secondary cable is also made flexible and the 
insulation on the wire is much heavier. This is 
used to conduct the high-tension current from the 
coil or magneto to the spark plugs. It should be 
kept free from all metals, as much as possible. Size 
is usually_No. 16 or No. 14. 


Duplex cable is also flexible, but generally two to 
four wires are run in one insulation, being separated, 
of course, from each other by insulations. This 
wire is generally used for lighting and low-tension 
work. 
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BRAIDED’ PRIMARY CABLE 


FOR BATTERIFS, COILS AWD TIMERS. 


BRAIDED SECONDARY CABLE 


FOR SPARK PLUGS AND MAGNETOS, 
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BRAIDED DUPLEX CABLE 
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Fig. 1. 


Ignition wires. 


Metal conduit: A good plan in wiring a car, where 
several wires are run together, is to enclose the wires 
in a metal conduit. See Index under “Wire for 
wiring a car.’’ 


The wires running from coil, or magneto distribu- 
tor to the spark plug, carry the high-tension current 
and are called “secondary cables.” ‘This current 
escapes more readily than from the wires running 
from the battery to the timer or coil. The wires 
running to the plugs are called “high tension” wires 
because the tension or voltage is high and current 
will often jump through the insulation and short- 
circuit (cutting out spark plug) to any metal part 
it happens to be in contact with. For this reason 
these wires must be carefully protected and very 
heavily insulated. 


CLAMPS 


a sane 


Fig. 2 shows one method of distributing the 
secondary or high-tension cables on multi-cylinder 
engines. A divided fiber tube supported on brackets 
encloses the cables and permits of easy inspection or 
renewal if required. Any number of leads or cables 


can be distributed. The eight plug leads required 
for dual ignition on a four-cylinder engine can be 
accommodated in a two-inch fiber tube. 


The primary wires running from the battery to 
the timer or to the interrupter on the magneto are 
“low tension.”” They do not need to have as heavy 
insulation, but the connections should be well made 
and clean because the pressure is so low that the 
current will not pass over dirty or loose connections, 
and a loss of current will result. All connections 
ought to be soldered and taped. 


Do not use lamp-cord wire under any circum- 
stances as it will give unsatisfactory results and 
cause missing if damp. Wire for the electric horn is 
usually No. 18. : 


Size of Wire Used for Winding a Coil and 
Magneto 


Primary winding is No. 19 to 24 B. & S. gauge 
copper insulated wire. Secondary winding is No. 
34 to 38 B. &S. gauge silk-covered insulation. 


There is usually a ratio of about 60 to 1. For 
instance, if the primary consisted of 200 turns, the 
secondary would have 12,000 turns. 


The winding of a Bosch DU4 magneto armature 
usually consists of three layers of No. 20 or No. 22 
wire, to form the primary winding, and of 70 to 72 
layers of No. 36 silk-covered wire to form the 
secondary winding. The reader, however, never has 
occasion to bother with wire on a coil or magneto 
armature as this is the work of a specialist. 


Making Connections and Ignition Wiring 
Troubles 


A grounded connection should be filed or scraped 
bright before attaching the wire, and the connection 
when made should be covered with vaseline or paraf- 
fine. A copper washer should be placed under the 
head of the screw, to hold the wire firmly in position, 
and tightly drawn up. 


All connections must be bright and clean, for a 
dirty connection will add resistance. Binding posts, 
screws, and the ends of the wire must be scraped 
clean before the wire is attached. This is very 
important on low-voltage wiring. 


When joining two wires or attaching terminals 
(Figs. 3, 4 and 5), solder and then tape. 


Fig. 5 


Figs. 3, 4, and 5 show how to make a connection wi 7 
and terminal; solder and tape all connections. ee oe 
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Fig. 6. Loose switch terminals will cause missing as will 
also loose binding posts (Fig. 7). : 


Fig. 8. A good method of protecting primary (batter 
wires when they run along the frame. Y 


Fig. 9. Four steps in making loop end: (A) insulation 
removed; (B) separating the strands; (C) twisting wires into 
Sis ie, and, (D) the looped end dipped in solder. (Motor 

ge. 


No possible cause for leakage of the current should 
exist; a single strand of fine wire projecting from a 
flexible cable will be enough to cause a short circuit 
if it should touch metal. 


Missing of ignition where dry cells are used (Fig. 
10) may be due to weak batteries. To test, use an 
amperemeter. Test each cell separately by placing 
the terminal of the meter on the terminal of the 
battery. Each battery ought to show 15 to 25 
amperes. If less than 8 amperes are shown, replace. 
Tf one should test, say, 10 amperes, and another 20, 
then the good battery will be brought to the level 
of the poor battery. Remove it and put in a fresh 
one. See Index for “Testing a storage battery.” 


An emergency dry-cell connection is shown in 
Fig. 11. Usually two sets of dry cells are provided 
when ignition is on dry cells alone. Only one set at 
a time is used, however. If both sets should run 
down, a multiple connection of the two sets can be 
made, as shown, which will suffice to enable the car 
to reach home. Dry cells are now seldom used. 
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Fig. 11 


Quite often missing will occur from loose con- 
nections at the battery terminals (Fig. 3). See 
that they are always tight. On some connections, 
the wire may be broken or not soldered well to the 
terminal. A good connector for dry cells, called 
the ‘Bull Dog,” is shown in Fig. 12. For storage 
batteries, see-Index. 


On many cars one wire is grounded (Fig. 13). It 
is therefore essential that the grounded connection 
be well cleaned and then tightened. A copper 
terminal should be soldered togihe wire, the surface 
eleaned, and drawn tight with a bolt. 


GROUND WIRE 
TO FRAME 


WIRES CHAFE 
HERE: 


Fig. 14 


Fig. 13 


When metal battery boxes are used (Fig. 14), and 
dry cells are placed in them, dampness will short- 
circuit the batteries through the paper insulation 
around them. Therefore keep the box dry inside, 
me watch the wire where it passes through the metal 

OX. 


Fig. 15 


Fig. 16 


When removing the wires (Iigs. 15, 16), mark 
them by painting the ends with cheap water colors, or 
tag them, thus saving a lot of time when replacing. 


INSTRUCTION No. 25 


LOW-TENSION MAGNETO: 


In the preceding instructions, we dealt with the 
low-tension coil, using only a primary winding, and 
the high-tension ignition coil using a primary and 
secondary winding. 


In this instruction we shall deal with the low- 
tension magneto, a mechanical generator of a low- 
tension alternating current. 


The difference between a low-tension magneto 
and a high-tension magneto is that, on the low-ten- 
sion magneto armature core there is but one winding, 
called a primary winding, whereas on the high-ten- 
sion magneto armature there are two windings, ¢ 
primary winding and a secondary winding. 


PERMANENT MAGNET puny ARMATURE 


ELECTRO MAGNETIC 
FIELD POLES 


Fig. 1. 


Magneto, 


Fig, 2. 


Dynamo. 


Mechanical devices, such as a magneto and a 
dynamo (T'igs. 1 and 2), are termed mechanical gen- 
erators of electricity. ‘The armature, which revolves 
between the pole pieces, is driven by the engine, and 
alternating current is generated. 


Alternating current is suitable only for ignition, 
and all magnetos generate alternating current. 


Where a generator (dynamo) is required to 
charge a storage batitery, it is necessary that the cur- 
rent should be “direct,” that. is, flowing in one 
ce continuously, from positive ( +), to nega- 
tive (—). 


Therefore, while, as stated above, all generators 
or dynamos or magnetos generate alternating cur- 
rent, on a generator used for charging a storage 
battery, the alternating current is transformed, or 
commutated, into a “direct” current by means of a 
commutator and brushes. Thus while alternating 
current is generated inside, direct current is delivered 
outside, or from the brushes. Generators of 
direct current supply current for coil ignition and 
lights, and also charge a storage battery. This 
subject is explained under “Generator principle,” 
farther on. 


The magneto generates alternating current inside 
and delivers alternating current outside, and, as 
previously stated, is suitable only for ignition: It 
will not charge a storage battery because the electric 
current it generates flows first in one direction and 
ne in another direction, and thus “alternates” its 

Ow. 


Principle of Magneto Ignition 


Construction 


The principle of a low-tension magneto is similar 
in many respects to that of a low-tension coil. Ina 
magneto, the armature on which the primary wire 
is wound is called upon to produce its own electric 
supply, whereas in a primary or low-tension coil, 
the electric supply is from another source. 


Field magnets: Permanent magnets (1a), called 
the “‘field magnets,” are provided as shown in Fig. 
1A. ‘The pole pieces (11a) provide a magnetic field 
for the shuttle-type armature (Fig. 4A) to revolve in. 
End plates with ball bearings are attached to screw 
holes in pole pieces (lla, Fig. 1A). There is very 


Vig. 1A. Permanent magnets (la); pole pieces (lla); base 
of brass or aluminum (12a). 


little clearance between the armature and the poles, 
and therefore accurate fitting is necessary. 


There are usually two, four, or six magnets placed 
over the pole pieces; all north poles on one side and 
all south poles on the other side. The base (12a) 


is usually made of brass or aluminum, as neither will 
become magnetized. 


armature. 


Pole 
piece 


Fig. 1B. View of a low-tension magneto with the end-plate 
off and the armature shownin section. (1) permanent magnets 
(magnetized at all times); (2) the armature, revolved by a gear 
connected with the engine shaft. Note that a single winding 
of insulated copper wire is wound on the armature, 
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LOW-TENSION MAGNETO 


Fig. 1C. The low-tension magneto complete. View shows 
the drive end of the armature, which is driven at a fixed speed 
from the crank shaft of the engine, by gear or chains. The 
aepobion of rotation of all generators is considered at the drive 
end. ; 


The armature of a direct-current generator (Fig. 
3) is called a ‘“drum-wound armature.” It differs 
from a magneto armature in that the coils wound 
over the armature core are connected in such a 
manner with the commutator segments that the cur- 
rent delivered from brushes resting on the commuta- 
tor segments is direct. 


COMMUTATOR 


Fig. 3. Armature of a direct-current generator. 


This drum-type armature could be made to 
revolve between permanent magnets, and current 
would be generated, but it is not practical, because 
the voltage must be a steady voltage. And since 
the voltage increases with speed, the armature of a 
direct-current generator is made to revolve between 
poles which are wound with wire, called “electro- 
magnets.” This subject is dealt with under 
“Direct current generators,” farther on. 


Permanent magnets are of the horseshoe type and are 
permanently magnetized. They are called the “‘field’” magnets. 


Electro-field-magnets are wound with copper wire and are 
electrically magnetized. They remain magnetized only when 
the armature revolves between the field-magnet poles. This 
type of dynamo or generator generates a steady ‘‘direct” cur- 
rent, usually of 6 or 8 volts, and will light electric lamps and 
recharge a storage battery and supply current for ignition. It 
is usually run in connection with a starting and lighting system, 
and, in smaller models, is used for ignition on stationary and 
marine engines to a considerable extent. 


The armature of a magneto, which delivers alter- 
nating current, is called a “shuttle-type armature.” 
It revolves between the poles of “permanent field 
magnets.” 


The parts of an armature are as follows: Bronze 
heads (B, B1) are screwed to the armature core (C, 
C1) (Fig. 4). Shafts (A, Al) are driven and riveted 
to the bronze heads. Wire is wrapped around space 
(C, C1), called the core. 


It will be seen that the core is not a solid casting; 
rather it is a pair of castings between which is 
clamped a group of soft iron stampings (D), having 
the form shown in the detail sketch. The object of 
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END VIEW"D" 


SIDEVIEW 


Fig. 4. Magneto armature core and end plates. 


pie Se The 
winding is placed on the core C and Cl, 


thus “laminating the core,” as it is called, is to 
retard the circulation of “eddy currents’ in the core 
due to induction. The same forces of induction 
which are at play in the windings operate also in 
the iron core itself, and if unchecked, would both 
consume power and heat the armature unduly. As 
the voltage of these currents is very low, even the 
slight obstruction of the laminations is sufficient 
to retard them. 


The laminated section of the armature is shown 
at (D). ‘Laminated’ means that instead of the 


castings (C) being solid, there are several layers of 
flat sheet iron placed together, between the cores 
(C), as shown at (D). 


RING 


Fig. 4A. Shuttle type of armature with one winding (low- 
tension). 


The completed magneto shuttle-type armature 
is shown in Fig. 4A. Note the ‘collector ring,” 
from which the current is taken by a brush resting 
on the flat surface of this ring. 


Fig. 4B. Primary winding on armature core. Note that 
one end is grounded to the core and the other end is insulated. 


The single primary winding is shown in Figs. 4B 
and4C. Oneend (A) conducts the current from the 
armature to the collector ring and the other end is 
grounded (G). 


A sectional view (Fig. 4C) shows one method of 
conducting the low-tension current from the arma- 
ture, where a collector ring is not used, The prin- 
ciple, however, is similar. 


One end of the primary winding, which is heavy, 
coarse wire, is grounded to the armature core at (G). 
The other end (A), is insulated and passes through 
the hollow end of the armature shaft and makes 
contact with a point (D). 


As the armature revolves, the spring (S), which is 
mounted on an insulated block (IB), conducts the 
current through a wire connected with it, to the 
terminal, “Collector rings,’ are more often used, 
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Fig. 4C 


From the terminal the current is carried to the 
‘Geniter,’ as in Fig. 5. This is a ‘‘make-and- 
break” low-tension ignition system similar to the 
system described on page 185. 


It will be noted, however, that a separate low- 
tension coil is not necessary in this instance, as the 
winding on the armature takes its place. 


If the low-tension magneto is used in connection 
with a separate high-tension coil, then this wire (A) 
(Fig. 4C) from the armature would go to the pri- 
mary winding of the coil. 


Two methods of utilizing the low-tension magneto 
are therefore used, as follows: 


1. In connection with a low-tension “make-and- 
break” ignition system. 


2. In connection with a high-tension coil. 


Low-Tension Magneto Supplying Current for 
a ‘*Make-and-Break Ignition System 


On page 185, this system is explained. The 
magneto, however, was not explained. 


Fig. 5. Low-tension magneto supplying current for a low- 
tension “‘make-and-break” ignition system. 


It is well to bear in mind that a low-tension 
magneto used in connection with the low-tension 
“make-and-break” system, shown in Fig. 12, page 
185, does not require a low-tension coil, because 
the action of intensifying the current, is obtained 
by the snapping of the “igniter” points, by action of 
a cam, and the winding on the armature of the low- 
tension magneto takes the place of the low-tension 
coil. See also explanation, page 186. 


Low-Tension Magneto and High-Tension Coil 


The low-tension magneto can be used in connec- 
tion with a high-tension coil and produce a “Jump- 
spark” or high-tension spark at points of a spark 
plug in the cylinder, by using the low-tension mag- 
neto to produce the current, and a separate high- 
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tension coil (without vibrator) to intensify the low-° 
tension current to a high pressure, so that it will 
jump the gap of the spark plug. 


We should need for this system a high-tension 
coil, a distributor on the magneto to distribute the 
high-tension current to the spark plugs (if a multiple- 
cylinder engine, which, in this instance, we will say, 
is a four-cycle, four-cylinder), and an interrupter 
to break the low-tension current at the proper 
time. 


The coil: The double-wound high-tension coil, 
but without a vibrator, can be used. The inter- 
rupter will take the place of the vibrator. Therefore 
we should have a single spark instead of a succession 
of sparks. When the contact points separate, as 
explained under ‘“Interrupter,”’ the low-tension 
magneto current is intensified, and “induced” cur- 
rent is set up in the secondary winding. This coil 
can be placed separate from the magneto. 


The distributor: This ‘‘induced”’ or high-tension 
current is then distributed to the spark plugs in 
correct firing order by the distributor rotor and 
brush, as shown in Figs. 6 and 6A. The distributor 
is driven at one-half the speed of the armature. 


The interrupter! (see Fig. 6A) is mounted on the 
front end of the magneto armature shaft. The 
housing on which the interrupter parts are mounted 
can be shifted, by means of a rod (SL) (Fig. 6A). 
This rod connects with the spark lever on the steer- 
ing wheel. 


Therefore the time for the spark to occur can be 
made early (“advanced’’), or late (‘“retarded’’). 
The usual range of advance on a magneto is from 
22° to 35°. 


Attached to the housing, and moving with it, is 
the interrupter arm (A) and the terminal (B). 


On the end of the interrupter arm (A) is a plati- 
num point (P). There is also another platinum 
point (P) on terminal (B). 

Platinum is used because there is more or less sparking occur- 


ring at the points and, platinum being hard, it stands the spark 
with less pitting than other metals. 


The condenser is in the coil and takes up excess sparking toa 
great extent. This condenser can be placed in the coil box or 
on the magneto. 


The cam (C) is attached to the front end of the 
armature and revolves with it. 


DISTRIBUTOR GEAR 


(0 ee ae, 
a 


Fig. 6 


Fig. 6A 


Fig. 6. Note how the distri i i 
canis ane oe istributor shaft is driven by the gear 


Fig. 6A. Front view of distributor and interrupter. 


1 There are many different constructions of the interrupter. 


This one is shown in order to simplify the explanation. 
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When the nose of the cam raises the interrupter 
arm (A), the current is interrupted in the primary 
winding, causing the high-tension current to be set 
up in the secondary winding of the coil. 


The cam has two lobes. It will therefore raise 
the interrupter arm twice during one revolution, or 
four times during two revolutions of the armature. 
The armature would then run at the same speed as 
the engine crank shaft. As the cam (C) is attached 
to the armature, it must revolve with it. 


The cam is set on the armature, so that the nose 
will raise the interrupter just as the armature is in a 
vertical position. 


If the cam raises the interrupter arm (A) when 
the armature is in a vertical position and the inter- 
rupter housing is at full retard position, this will 
then allow for advancing of the spark full 35° or 
less, according to the range of the magneto. 


The primary circuit on the armature of the low- 
tension magneto consists of a winding of coarse wire. 
One end is grounded to the armature core (see Fig. 
6), and the other end is carried to the insulated 
terminal (B, Fig. 6A). 


The armature revolves, therefore the end of the 
armature primary winding, from which the low- 
tension current is taken, is carried through the end 
of the armature shaft (insulated). 


The current is then carried through the primary 
winding of the coil, to the insulated terminal (B), 
through the interrupter points (P) (which open 
when the armature is in maximum position), to 
arm (A) which is grounded, thence to the other end 
of the magneto primary winding, which is grounded 
to the armature core (Fig. 6). This completes the 
primary circuit of the magneto and high-tension coil. 
See Figs. 88 and 39 for two different methods of 
connecting a low-tension magneto with a high- 
tension coil. 


The secondary circuit is clearly shown in Figs. 
38 and 39, page 252. 


The magneto armature must be driven at a fixed 
speed because the interrupter and the position of 
the armature govern the time of the spark. There- 
fore the magneto is either driven by a chain or by a 
gear from the cam shaft, but not by a belt. This 
subject is treated farther on. 


Also bear in mind that the magneto is a closed- 
circuit system, and interruption of the closed _cir- 
cuit by the interrupter points being separated by 
the cam occurs when the spark takes place. 


Note the arrangement of the interrupter onepage 
258. It is a different construction from that shown 
in Fig. 6A. The interrupter on page 258 is more 
modern. The one in Fig. 6A is simplified. 


Remarks Relative to Distributor on a Low- 
Tension Magneto Operating a High- 
Tension Coil 


The purpose of the “high-tension” distributor 
is to distribute the high-tension current to the spark 
plugs. The distributor brush in the end of the 
rotor should make contact with one of the spark- 
plug leads just as the interrupter points (P) are 
breaking. See the discussion farther on, explaining 
connections to the distributor. 


The distributor is usually attached to the mag- 
neto—when operated with a magneto, either of the 
low or high-tension type. 
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_ The distributor is usually made of hard rubber 
insulation material with metal segments (S). The 
rotor with a brush revolves by means of a gear wheel 


twice the size of the gear wheel on the armature 
(Fig. 6). 


The armature for a four-cylinder magneto would 
revolve at engine crank-shaft speed and make four 
ee during the two revolutions of the crank 
shaft. 


The distributor, however, would revolve once 
and the rotor brush would make four contacts during, 
two revolutions of the crank shaft, or one revolution 
of the distributor rotor. Hence the reason for the 
larger gear on the distributor. 


On a six-cylinder engine the armature revolves 
1/4 times to one revolution of the crank shaft, but 
the distributor is geared to turn at half the speed of 
the crank shaft, or one complete revolution to two 
revolutions of the engine crank shaft. 


There are two kinds of contact arrangements on a 
distributor: the “gap-type,” and the “brush-type.” 
The gap type does not make a wiping contact, but a 
slight gap clearance is allowed between the distribu- 
tor rotor and segment (S)._ The brush type makes 
a wiping contact. 


It must be remembered that while we are referring 
to the magneto distributor of the true “high-ten- 
sion type magneto”—to show the parts of a “high- 
tension distributor’”’—the distributor used with the 
low-tension magneto and separate coil differs only 
in that on a true high-tension magneto there are 
two windings on the armature which take the place 
of the separate coil. 

Dual System; Low-Tension Magneto, Coil, 
and Battery 


A dual system of ignition is where a set of batteries 
are provided to start on. After starting the engine, 
the magneto is used as a source of electric supply 
instead of the batteries. 


Types of Magneto Armatures 


Magneto armatures may be classified as of two 
types. Although this instruction deals with low- 
tension magnetos, it will be necessary to allude to 
the armature of the high-tension magneto in order 
to make the explanation clear. - 


PRIMARY W/NDING 


Primary armature, 


Jo DISTRIBUTOR —> 


SECONDARY WINDING 
Compound armature. 
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Magneto armatures are known as of the “‘shuttle” 
type because they are shaped like a shuttle. They 
are further classified as the ‘‘armature” type and 
the “inductor” type. 


The “armature” type is where wire is wrapped 
around the armature core and the armature and 
wire revolve between the permanent magnet field 
poles. The armature type can be a single primary- 
wound armature used on a low-tension magneto, as 
in Fig. 7, termed a “primary-armature type.”’ If 
there are two windings on the armature, a primary 
and secondary, as in Fig. 8, which is used on a high- 
tension magneto, then it is termed a “‘compound- 
armature type.” 


The “inductor” type of armature differs from the 
“armature type,” principally in that the wire does 
not revolve. The inductor type of armature can be 
a low-tension magneto or a high-tension magneto, 
and differs from the armature type magneto only as 
mentioned above. 


K. W. Inductor=-Type Magneto 


The K. W. Ignition Co. makes a low-tension and a 
high-tension inductor-type magneto. The Remy 
Electric Co. formerly made a low-tension inductor 
type of magneto used with a high-tension coil, as 
explained on page 247. 


Fig. 9. Note that the shuttle type of armature produces 
two Oe or waves, of maximum strength per revolution 
(360°). 


Fig. 10. Note that the K.W. “inductor” type of armature 
produces four impulses or waves, of maximum strength per 
revolution. (The line is zero, or no current.) Also note that 
the direction of the flow of current is changed twice in Fig. 9, 
and four times in Fig. 10, during a revolution. 


The K. W. inductor type magneto is a leading 
magneto of the inductor type. Construction: mag- 
nets, permanent type; pole-pieces placed above 
armature 90° apart; rotors set 90° apart. There 
are two rotors with four ends as shown in Fig. 11, 
which illustrates the arrangement of the rotors on 
the armature shaft. This gives the same effect as if 
two shuttle armatures were placed cross wise—which 
would be four impulses per revolution (Fig. 10) 
instead of two in the shuttle type (Fig. 9). If we 
continued adding rotors we should soon have the 
alternations so close together that we could light 
an electric lamp—in fact, the K. W. low-tension 
magneto at high speeds will accomplish this. 
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The coil winding between the rotors of the K.W. 
magneto (Fig. 11) is stationary and the rotors 
revolve. With a single primary winding on this 
coil core it is a low-tension magneto. ith two 
windings, it would be a high-tension magneto. 


if 
i 


Fig. 11A 


Fig. 11 Fig. 11B 
Fig. 11 shows the “inductor-type armature.” 
Note that the winding is stationary. 


Fig. 11A, shows the lines-of-force passing down 
through the rotor wing from N pole, then centrally 
through the core over which the coil is placed, up 
the rotor to S pole. 


Fig. 11B shows rotors moved in position where 
the lines-of-force are now passing in the reverse 
direction, which causes a complete reversal of polar- 
ity through the coil winding. This is maximum 
position, where contact points (P) should separate. 


Interrupter points are used on the K. W. inductor- 
type magneto when of a high-tension double-wound 


type. 


The K. W. Low-Tension Inductor Type 
Magneto and Master-Vibrator 


The K. W. inductor type of low-tension magneto, 
used with a master-vibrator, is shown in Fig. 12. 
Dry cells are used as a source of supply for starting 
when the switch lever is on the left, or (B) side. The 
magneto is used when the switch is on the (M) side. 
Note that the vibrators on the dash coil are short- 
circuited, as seen in the top left illustration, and are 
not used on the multiple dash coil to the right, as 
the one vibrator on the master-vibrator coil does 
the vibrating for the four coils. 


PLATINUM 
(CONTACT POINT 
\ CORR W7RE 5 
WU, 


‘ How to short- 
circuit vibrators on coils. 


Bigs 12) Kk Nie low-tension inductor-type magneto con- 
nected with a high-tension coil-ignition system using a K.W. 
master vibrator coil. 


_ With this low-tension inductor-type magneto an 
interrupter is not used, because the vibrators on 
the coil take the place of an interrupter on the 
magneto. This type is not timed. Note that 
the commutator or timer is timed instead, as on a 
vibrator-coil system, 


The Remy Low-Tension Inductor Type 
Magneto (Model R D) 


The principle is similar to the K. W. (Fig. 11) 
except that the Remy rotor is a half-rotor, whereas 
on the K. W., both ends of the rotor are utilized. 
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The Remy produces two impulses per revolution 
and the K. W. four impulses per revolution. 


Fo Contact 
breaker . 
Btationary 


Spark advance 
lever 


Fig. 13 (upper) Fig. 14 
Fig. 15 (lower) 
Fig. 13. Remy rotors (L) which revolve and the stationary 
single primary winding. 


Fig. 14. 


Fig. 15. Remy contact-breaker or interrupter. 
(P) should have a clean surface. 
be allowed to accumulate. 


Remy inductor or rotor in maximum position. 


: The points 
Dirt and grease should not 


A distributor is mounted on the low-tension 
magneto which distributes the high-tension current 
from the high-tension ignition coil to the spark plugs. 


If the engine misses with spark retarded at slow 
speed, adjust the contact screw (B) (Fig. 15) out 
a few notches. 


If the engine misses with spark advanced at high 
speed, adjust the contact screw in a few notches. 


On this magneto ignition system adjust the spark- 
plug points .025”. 


The contact-breaker is used on this magneto just 
the same as on a shuttle-type magneto armature, to 
interrupt the flow of current in the primary winding. 


To set the rotors: The rotors are placed in just 
the same position as on the shuttle-type armature 
when they are originally set, at which time the 
interrupter points open. 


Interrupter 


secondary 


Low Tenston winding 


Magneto 


Coll primary winding, : 


‘snduged" into 


primary 
winding 
of magueto 


Dil 


Illustration showing how a high-tension coil is 


Fig. 16. G, 


used in connection with Remy low-tension magneto. 
ground.) 


Note that the condenser is in the coil. 


Examples of Remy Low-Tension Inductor-Type 
Magneto Systems 


A dual system (Fig. 17) consists of a Remy 
model R.D. low-tension “inductor’’-type magneto 
used in connection with a high-tension coil. Note 
that the condenser is placed in the coil, but is 
shunted across the interrupter points. 


Dry cells are used to supply current to start with, 
by pressing a switch button (S) with switch lever 


IGNITION SWITCH 
SBS 


NITION OISTRIGUTOR 


{ 


MAONETO 


Fig. 17. Dual ignition system using a low-tension magneto 
of the “inductor” type in connection with a high-tension coil, 
with condenser in the coil. Note that the dry cells supply 
current for coil when on (B) side of switch, as when starting. 


(L) on battery side (B) of the switch, which closes 
the circuit between dry cells, primary winding of 
coil, and interrupter points. Thus when the engine 
is being cranked, the dry cells supply the current 
instead of the magneto. 


The distributor and interrupter are mounted on 
the inductor-type low-tension magneto. The high- 
tension ignition coil is separate, as is also the switch. 


After the engine is started, the switch lever (L) is 
placed on the magneto (M) side of the switch, the 
dry cells are cut out, and the magneto supplies cur- 
rent. The magneto interrupter is timed, so that 
the interruption of sparks occurs at the right time. 
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Fig. 18. Similar to Fig. 17 except that the condenser is on 
the magneto. 


Fig. 18 is similar to Fig. 17, except that the con- 
denser is mounted on the magneto, being across the 
interrupter points as usual. The magneto model is 
R.L., and is an inductor type similar to the model 
ReaD inion Life 
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a 


S. T. & lL, MAGNETO 


a eee et 


ORY CELLS 


CIRCUIT ORE. AKER 


See text on next page for explanation. 


Fig. 19. 
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The system shown in Fig. 19 in many respects 1s 
similar to model R.D., except that the push button 
is not used and the interrupter is arranged dif- 
ferently. This type of low-tension inductor mag- 
netoistheS.T.& L. Dry cells are used for starting. 


IGNITION COIL 


IGNITION DISTRIBUTOR 


P.& 32 MAGNETO 


tiitet 


SPARK PLUGS ———— a 


MAGNETO 


DRY CELLS 


CIRCUIT BREAKER 


Fig. 20. Dualignition system using a low-tension magneto 
of the ‘primary armature type.” 


In Fig. 20, this system (Remy P and 32 magneto) 
differs from that just described, in that the magneto 
armature is a “primary-armature type” low-tension 
magneto, instead of an “inductor” type. The 
push button is not used, and the switch is arranged 
differently. 


All of the foregoing are examples of dual high- 
tension ignition systems, using a low-tension mag- 
neto of the inductor type (except Fig. 20) as a 
source of electric supply. 

Note. The letters Y, R, B, G, refer to the color of wire on 
these systems. To time the Remy RD and RL low-tension 
magnetos: Place No. 1 piston on top of compression stroke. 
Press in on timing button (Fig. 17) which is at the top 
of the distributor and turn the shaft of the magneto (with 
coupling loose) until the plunger back of the timing button 
drops into the recess on the distributor gear. Then couple the 
magneto to its drive member. It is not necessary to set the 
interrupter in this instance, as the interrupter is in correct 
position with this operation, and No. 1 distributor segment is 
in contact with No. 1 distributor terminal, which is marked. 


Ford Inductor-Type Low-Tension Magneto 


Another form of low-tension alternating-current 
magneto of the inductor type is the Ford magneto. 


This magneto might be termed a high-frequency 
magneto, meaning that there are 16 impulses per 
revolution. For instance, on the “shuttle-arma- 
ture type’”’ magneto there are 2 impulses per revolu- 
tion. On the K.W. inductor magneto (Fig. 11, 
page 246), there are 4 impulses per revolution. | 


The term “impulse” refers to the points where 
the generated current is the strongest and is where 
the interrupter, as on the shuttle-type armature 
magneto, interrupts or opens the primary circuit 
just as the armature is leaving the pole pieces. 
Thus the spark or ‘“impulse’’ occurs. 


The term “frequency” refers to one-half the num- 
ber of times the current changes its direction of flow 
in the winding per revolution (see “cycle” and 
“frequency” explanation, Fig. 7A, page 192). For 
instance, on an “armature or shuttle-type” magneto 
the direction of current in the primary winding on 
the armature changes its direction twice during one 
revolution (see Fig. 9, page 246). On the K. W. 
(Figs. 11 and 10, page 246), there are 4 changes 
during one revolution, because there are 4 ends to 
the rotors. 


On the Ford magneto there are 16 changes per 
revolution, because there are 16 stationary coils 


attached to a plate or support inside of the flywheel 
housing. These coils consist of a thin strip of 
copper wrapped around a small soft iron core (C). 
The consecutive coils are wound in opposite direc- 
tions on each coil core and are connected in series. 
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Fig. 21. The sixteen stationary coils of the Ford low-ten- 
sion inductor type of magneto mounted on the coil plate. 


Fig. 22. The sixteen permanent magnets which are at- 
tached to the flywheel and revolve in front of the core of the 
coils. Like poles of the magnets are placed together. 


The terminal of the first coil connects with the 
magneto terminal, which conducts current to the 
four primary windings on the four-unit vibrator- 
type coil. The end of the sixteenth coil is grounded. 


There are 16 permanent magnets, but instead of 
being placed over the pole pieces and the armature 
being made to revolve between them, as in the 
“armature-type’” magneto, the magnets are at- 
tached to the fly wheel by means of non-magnetic 
studs and are made to revolve within 1/32” in front 
of the coil cores (C) (Fig. 23). 


Note. Fig. 23 shows magnets separated, as if separate horse- 
shoe magnets, as an explanation as to how they revolve in front 
of the coil cores. The magnets are placed close together, as 
shown in Fig. 22. 

The N poles of the magnets are placed together; 
so are likewise the S poles. Thus we have N and S 
polarity alternately around the magnets, as shown 
in Fig, 22, 
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. Fig. 23. Illustrating how the permanent magnets revolve 
in feat of the coil cores. The magnets are within 1/32” of the 
coil core. 


When the N pole ends of the magnets are in front 
of one of the coil cores (C), the magnetic lines-of- 
force flow from N pole to the magnet, through the 
coil core (C), through the plate to which it is at- 
tached, through the core (C) of the coil next to it, 
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to the pole end of the magnet, thus completing a 
magnetic circuit from N to S pole end of the magnet, 
and setting up a generated electromotive force in 
the coil winding, causing current to flow out of the 
coil windings into the magneto terminal (Fig. 21). 


When the flywheel moves one-sixteenth of a revo- 
lution, the flow of current is reversed. Thus there 
are sixteen alternations or changes of flow of current 
during one revolution of the sixteen magnets, or six- 
teen “impulses” per revolution, because there are 
sixteen coils and sixteen inductors or magnets. 


In other words, each revolution of the flywheel, 
to which the magnets are attached, means one 
revolution of the crank shaft. There are 16 posi- 
tions of the magneto when the current output is at 
its maximum, and each of these positions is called 
the peak of the current wave. There are, also, 16 
positions during which no current is flowing at all. 
Each of these is called the neutral position, and 
each is half-way between two peaks. Therefore, at 
every sixteenth of a revolution of the magneto a 
position is reached when no current is being gener- 
ated. These are termed “dead points.” 


Each alternate peak is of an opposite polarity, 
that is, there are 8 positions in each revolution 
when the current flowing from the magneto winding 
to the spark coil is positive, and between these posi- 
tions are 8 other positions: when the current is 
negative. In other words, the frequency is 8 cycles 
per revolution. 
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Fig. 24. Illustrating the circuit from the magneto terminal 
(T) to the switch, to the primary winding of one of the four 
high-tension coils, to segment (No. 1 in this example) of the 
commutator, to ground, to the grounded end of the sixteenth 
magneto coil. Note. There isa mistake in the drawing. The 
coil vibrator of No. 1 coil should be shown open instead of No. 3. 


The Ford coil circuit and connections are shown 
in Fig. 24. See also Index for “Ford wiring dia- 
gram” and “Relation. of speed of magneto to 
voltage generated.” 


The Ford inductor-type magneto, owing to its 
high frequency, will light lamps and supply current 
for a vibrator-type coil, but the voltage varies con- 
siderably. Thus the lamps will vary in brilliancy 
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Fig. 25. Illustrating the location of the Ford magneto on 


the engine. 


in relation to the speed of the engine. Owing to 
these variations of voltage, the ignition coil should 
be adjusted carefully, as explained on page 222, or 
else the spark-plug points will burn as well as the 
points on the vibrator blade of the coil. 


Low-Tension Magneto, “‘Armature Type’”’ 


The low-tension magneto like the low-tension 
coil, does not supply a very high voltage and would 
not Jump a straight open gap like a spark-plug gap, 
but the voltage is raised sufficiently in the single 
coarse wire primary winding to produce a flash or 
spark when its circuit is very quickly opened. 


The low-tension magneto can be used with a 
“make-and-break” igniter (Fig. 13, page 185), or 
with a “‘wipe-spark” igniter (Fig. 18, page 187). 


The low-tension magneto can also be used in con- 
nection with a high-tension coil, but it would not 
be termed a high-tension magneto, even though the 
high-tension coil and the distributor were mounted 
on it; which is often the case. It would, however, 
be termed a high-tension ignition system. 


The low-tension magneto is now seldom used, but 
is explained, because it is necessary to understand 
the principle of it before taking up the subject of 
the high-tension magneto. 


The parts of an “armature type’’ low-tension 
magneto are: (1) magnets to produce the magnetic 
lines-of-force; (2) pole pieces of soft iron (see Fig. 
1A, page 242); (3) a primary winding on a soft iron 
armature core which revolves, being driven at a 
fixed speed by the engine; (4) a contact-breaker 
(also called an interrupter) and a cam. 


Fig. 26. Sectional view of low-tension magneto. (O) is 
the primary winding on the shuttle-type armature, of which 
there are several layers of coarse copper insulated wire (only 
one layer shown). This wire connects with a contact-breaker 
(P) and (G). 

This contact-breaker would be in the form of an igniter 
(see page 185) and would be inside of the cylinder, if the ‘‘make- 
and-break”’ system of ignition is used. 
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If the system consisted of a low-tension magneto 
and high-tension coil, then the contact-breaker (G 
and P) above would be mounted on the end of the 
armature shaft and the circuit would be opened at 
the correct time, producing a spark, by a cam on 
the end of the armature shaft. 


The circuit of a magneto system is a closed cir- 
cuit; that is, the primary winding is closed and 
the circuit is opened by the cam only at the correct 
time, which is just as the armature passes the ver- 
tical position. At this time the greatest energy 
exists in the circuit, the position being termed the 
‘maximum’ position. 
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In other words, the spark is produced by the, 
change from closed circuit to open circuit when 
the contact-breaker is opened by the cam. This 
break is made very quickly, and in order to get the 
hottest spark at the points of the spark plugs or 
igniter, the opening should occur when the armature 
is in “maximum” position. If the opening occurs 
earlier or later than maximum, then the intensity 
of the spark is weaker. 


The primary winding on an “armature-type’’ 
magneto, consists of about 200 turns of No. 19 to 24 
B. & S. gauge copper insulated wire. 


HOW THE “ARMATURE-TYPE” MAGNETO GENERATES ELECTRIC CURRENT 


A permanent magnet is made of hard steel and 
retains its magnetism. Its magnetic influence 
extends from one pole to the other, which is called 
the magnetic field, as shown in Fig. 27.1 


The magnetic lines of force always flow N into S 
outside of the magnets or between the poles, and 
from S to N through the magnetic field poles. See 
Fig. 27. 


If a bar of iron be placed between the poles (N 
and 8), or in the magnetic field (Fig. 28), the mag- 
netic lines of force will travel freely through the 
iron. It offers an easier path, because the air gap 
between poles offers 280 times the resistance that 
iron does. The magnetic lines will also be greatly 
increased, as the iron will collect a lot of stray lines 
of force and concentrate them. 


Therefore a soft iron armature core (shuttle type) 
(Fig. 4A, page 243), with wire wrapped on it, is 
placed between pole pieces and made to revolve by 
being driven, usually by a gear from the cam shaft. 
-The space between armature and pole pieces is 
very slight. The pole pieces (see Vig. 1A, page 242) 
are soft iron attached to the hard-steel permanent 
magnets. The armature is the “shuttle” type. 


How Electromotive Force Is Induced into Wires 
of Armature 


Whenever a loop of wire forming a closed circuit 
is placed in a magnetic field, an e.m.f. will be induced 
in the wire whenever the strength of the magnetic 
field changes. 4 


Or, if a wire is moved up or down quickly in the 
magnetic field, so that the wire will cut across 


1A “permanent magnet” will retain its magnetism a long 
time if a keeper is kept on the ends of the poles, The armature 
on a magneto, when in a horizontal position, acts as a keeper. 


An “‘electro-magnet”’ is a magnet consisting of an iron core 
around which wire is wrapped. When direct current is passed 
through the wire, the iron core becomes a magnet—if current is 
flowing in one direction. Soft iron cores are used, as it quickly 
loses its magnetism when current ceases flowing. 


Fig. 29 


the magnetic lines-of-foree or magnetic flux! at 
right angles (Fig. 29), an e.m.f. will be generated in 
the wire, and if the wire is in the form of a closed 
loop, the electromotive force thus generated will 
force the electricity in the wire to move. Why 
the electricity is in the wire we do not know, but 
we do know that the generated e.m.f. will cause it to 
move, or flow. 


The e.m.f. is induced in the wire by the lines being 
stretched by the movement of the wire, like rubber 
bands, then snapping at the weakest point—the S 
pole—then wrapping or whirling around the wire, 
thus generating e.m.f. in the ‘wire. The intensity 
and number of lines-of-foree around the wire will 
depend upon the strength of the magnetic field and 
the rate of speed with which the wires cut the lines- 
of-foree. The direction in which the e.m.f. will 
force the electricity or current to move in the wire 
will depend upon the direction in which the wire 
itself is moved. 


MAGNETIC. WIRE 
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if the wire is moved up (as in Fig. 30), the mag- 
netic lines-of-force whirl around the wire in a clock- 
wise direction and current will flow into the wire. 


_ If the wire is moved down (as in Fig. 31); the 
lines-of-force will whirl counter-clockwise, and cur- 
rent will flow out of the wire. 


If we have two wires (as in Fig. 32), revolving in 
the direction of the arrow point, the wire on the left 
would then cut the lines up as it revolved, and cur- 
rent would flow into the wire. The wire on the 


1 “Magnetic flux” is the total number of line i 
aes s-of-f 
through a magnetic circuit. orce flowing 
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Fig. 33 


right would move down and cut the lines down, 
and consequently the current would flow out. Thus 
we should have a complete circuit of current flowing, 
if the wires were in the form of a closed loop. 


When the wires reached a vertical position (as in 
Fig. 33), there would be no e.m.f. generated in 
the wires and the e.m.f. would be zero value, 
because the wires would not be cutting across, or at 
right angles to the path of the lines-of-force. 


This position of wires in Fig. 33 would be repre- 
sented by the position of the armature of the mag- 
neto in Fig. 34. Note that all the lines-of-force 
would flow through the armature core, and the 
wires on the armature would not be cutting the 
lines-of-force at all; thus the e.m.f. is “zero” value. 
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Fig. 35 


Fig. 32 represents the position of the wires when 
the armature is in the position shown in Fig. 35. 
In this position the wires on the armature would be 
cutting the greatest number of lines-of-force, if, 
of course, the wires were moving rapidly with the 
armature. Thus the e.m.f. would be at its highest 
value at this position, which is called the ‘maximum 
position.”” It is the point at which interruption of 
the primary circuit should take place, if it were not 
for a factor called ‘armature reaction.” 


Owing to the fact, however, that the circuit is a 
closed circuit in which the current is flowing, there 
is an “armature reaction”? which produces a hinder- 
ing effect (explained farther on), and consequently 
the maximum position of the armature is reached a 
few degrees later, or just as the armature cheek 
breaks from the pole tip. 


Before we proceed any farther, however, there 
are laws governing the generated e.m.f. which must 
be considered as follows: 


The momentary induced e.m.f. is greatest when the 
wire is moved so as to cut the magnetic lines of 
force at right angles. Applying this principle to 
the coil of wire on the magneto, the coil would be 
cutting the greatest number of lines of force when 
in position shown in Fig. 35—or when it is moving 
at right angles so as to cut the lines of force. 


The electric current in the wire depends upon the 
e.m.f. (electromotive force) causing it to flow; 
therefore ¢.m.f. is generated in wire when it 1s made 


- that these 


to cut the lines-of-force, and a current flows when its 
circuit is complete, due to the generated e.m.f. 
The faster the coils cut the lines-of-force, the greater 
will be the e.m.f. generated. 


The generated e.m.f. depends upon the speed of 
cutting the lines-of-force, that is, the number of 
lines cut per second. Therefore the greater the 
number of lines and the greater the number of wires 
there are, the greater will be the e.mf, Therefore 
several layers and many turns of wire are Wrapped on 
the armature core called the primary winding. 


Referring now to Figs. 33 and 34, it will be seen 
that the coil is not cutting any of the lines-of-force— 
the lines are passing freely through the armature 
core from N to 8; therefore e.m.f. (voltage) strength 
1s at zero. 


In the position shown in Figs. 32 and 35 the coils 
of the wires of the primary winding are cutting the 
greatest number of lines-of-force at right angles to 
the flow of lines-of-force. Some few lines are flow- 
ing through the ends of the armature core, but most 
of the lines are being cut by the wires on the arma- 
ture. Therefore this position would appear to be 
the logical position at which the spark should oceur, 
since it is the position where the generated e.m.f. 
in the wires is greatest. 
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Fig. 36. Armature reaction. 


There is, however, another factor which has not 
yet been considered, and that is, that when this 
generated e.m.f. is produced in the wires on the 
armature, by the wires cutting the main magnetic 
lines-of-force flowing from N to § poles of the mag- 
nets, this heavy current in the wires on a closed cir- 
cuit has the effect of making an electro-magnet out 
of the iron core (Fig. 36). This is the same condi- 
tion as was explained on page 182, where current 
from a battery flowing through a coil of wire around 
an iron core caused magnetic lines-of-force to whirl 
around the entire coil and thus form an electro- 
magnet with an N and § polarity. 


Due to the generated e.m.f. in the primary wires 
on the armature, which is a closed circuit, the same 
effect is being produced, that is, independent 
magnetic lines-of-foree are set up around the 
armature core which has made a § pole and N 
pole of the armature core (Fig. 36), with the result 
independent armature  lines-of-force 
cause the main magnetic lines-of-forece to follow 
their own path. This action is termed “armature 
reaction.” 


Note. The position of the armature in Fig. 36 is represented 
in Fig. 35. In the latter, the main magnetic lines-of-force are 
passing in at the top of the armature core and coming out at 
the bottom. This is due to the fact that the ‘‘main magnetic 
lines-of-force” are flowing ‘‘with the armature lines-of-force.”’ 
Sce arrow points of both, in Vig, 36, 
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We have now built up a very strong magnetic 
field which extends all around the wire on the arma- 
ture, and the principle is now similar to the coil 
action, explained on pages 182, 184. Now, the point 
is, if we could demagnetize the core of the armature, 
so that the lines-of-force which have been built 
up around the armature (Fig. 36) could collapse 
rapidly (as with the coil on pages 182, 184), then, 
as the lines-of-force collapsed, they would cut the 
wires at a very rapid rate of speed, if the core 
was fully demagnetized, or magnetized in an opposite 
direction. The result would be another independent 
induced (or self-induced) e.m.f. in the wires of a 
higher voltage, causing the current to flow in the 
wires in the same direction as it did before the cir- 
cuit was opened. 


—- + 
MAXIMUM 
Fig. 37 


The demagnetization of the core is accomplished 
by two different factors. If the circuit is opened 
at the interrupter points (P) (Fig. 36), just as the 
armature breaks from the pole piece (e), (Fig. 37), 
the magnetic lines-of-foree which were flowing 
through the armature core in the direction shown 
in Figs. 35 and 36, will now flow in the opposite 
direction, coming in at the bottom instead of the 
top, as in Fig. 37, thus assisting in the demagneti- 
zation of the armature core. 


These two actions combined cause the lines-of- 
force to collapse more rapidly on open circuit. Thus 
a fairly high induced voltage is built up in the wires, 
which, being generated on open circuit, will have 
no other outlet! except at the open points of the 
interrupter. Thus the voltage jumps the inter- 
rupter-point gaps in a manner similar to the action 
of the low-tension coil (Fig. 11, page 184). There 
being only a limited number of turns of rather 
coarse wires in the primary winding, however, the 
voltage will not be very great, but great enough to 
jump the interrupter point gap. 


If the low-tension magneto is used with a ‘‘make- 
and-break” igniter (Fig. 12, page 185), (or a ‘‘wipe- 
spark” igniter), the spark is desirable at the break, 
because it would be in the cylinder where it is 
required? 


Low-Tension Magneto and High-Tension 
Coil in Series 


If the low-tension magneto is used in “series” 
with a high-tension coil (Fig. 38), the spark is 
desired at the spark-plug point. It will then be 
necessary to have a condenser to absorb the current 
passing through the primary winding (PRY) of the 
coil from the magneto at the time of the break at 


1Even though the circuit is open at the interrupter, we 
term it a circuit if there is sufficient self-induced voltage in 
the wires to cause the electric current to jump the gap. 


21t would appear that the ‘‘make-and-break’’ system would 
be the simplest, which it is, but the movable contact points 
in cylinders exposed to intensity of the heat soon get out of 
adjustment. 
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Fig. 38. -Low-tension magneto connected in series with the 
primary winding of a high-tension coil. 


interrupter or contact-breaker points and also to 
assist in demagnetizing the core of the high-tension 
coil, so that the lines-of-force built up around the 
coil core will collapse quickly and induce a high 
voltage in the secondary winding (SECY) of the 
high-tension coil. Thus a very high voltage will 
be produced at spark-plug points (Fig. 38). 


Low-Tension Magneto and High-Tension 
Coil Shunted 


If the low-tension magneto is connected with a 
high-tension coil, so that the interrupter or contact- 
breaker is ‘‘shunted”’ across the path from magneto 
to coil, instead of being in “‘series”’ with it (as in Fig. 
38), the action would be slightly different as shown 
in Fig. 39. 
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Fig. 39. Low-tension magneto connected with the primary 
winding of a high-tension coil, but the interrupter or contact- 
breaker is ‘‘shunted”’ across the circuit. 


The primary current from the magneto would 
have two paths: one through the interrupter points 
(P), and the other through the primary winding 
(PRY) of the coil. The current takes the easiest 
path through the interrupter points, and conse- 
quently there is no current flow in the primary of 
the coil and its core is free from magnetism. Thus 
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when points (P) are opened by the cam, this sudden 
break of the current flowing through the armature 
and interrupter points, or the shunt circuit, causes, 
with the assistance of the condenser, an induced 
current to be set up in the armature winding, as 
explained in connection with Figs. 35 and 36. This 
rush of self-induced current, having no other outlet, 
rushes through the coil primary winding (PRY). 
As the coil core is demagnetized, because of the 
fact that no current was flowing through it pre- 
viously, the magnetic lines-of-force build up rapidly 
around the turns of wires, causing a momentary 
high voltage in the secondary winding, and thus 
causing a spark to jump the gap at the spark plug 
which is in the cylinder. 


Note in Fig. 38 that the lines-of-force in the coil 
core were made to collapse, to produce the high- 
tension spark, whereas in Fig. 39, the lines-of-force 
are built up in the coil core to produce the high-ten- 
sion spark. This was possible in this instance, 
because there was no current flowing in the primary 
winding of the coil, and its core was completely 
demagnetized. Thus the lines built up rapidly, 
generating a high induced voltage in the secondary. 
This system is the one in general use where a low- 
tension magneto is used with a high-tension coil. 


It is well for the reader to grasp the difference 
between generated e.m.f. and self-induced e.m.f., 
in order that he may clearly understand the fore- 
going explanations. 


Generated e.m.f. refers to the e.m.f. generated in 
a wire when a wire is made to cut the lines-of-force, 
as when the armature is revolved between the pole 
pieces. In such a case the wires cut the main mag- 
netic lines-of-force, and lines-of-force are built up 
around the turns of the wires. 


Self-induced e.m.f. is where the lines-of-force 
have been built up around the wires, as described 
above, and then the circuit is suddenly opened, or 
the direction of the lines-of-force is changed. ‘This 
causes a collapse of the lines-of-force, which cut 
the wires as it collapses into the core, thus causing 
what is termed a self-induced e.m.f. which causes 
current to flow. 


Two Sparks or Impulses! per Revolution of 
Armature 


With the shuttle type of magneto armature there 
are two positions of the armature during one revolu- 
tion, called “maximum position.” These are the 
points at which the e.m.f. is the highest and are 
the position in which the armature is when the con- 
tact points should open, or slightly later, owing to 
“armature reaction,” as already explained. 
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Fig. 40. Voltage wave. 


1The word “impulse” is also used in connection with the 
ignition of gas in the cylinder; for instance, when the explosion 
takes place in the cylinder, the piston receives an impulse. 
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In explanation of this, let us refer to Fig. 40, 
which shows the open-circuit voltage wave. Start 
with the position of the armature at (A) on the left. 
Note that the armature is in a horizontal position 
and the e.m.f. (electromotive force!) is at zero, 
because the lines-of-force are passing freely through 
the iron armature core, as is also shown in Fig. 34. 
Thus, at this point the wires on the armature are 
not cutting any lines-of-force. 


When the armature travels 90°, or a quarter- 
revolution in the direction of rotation (clockwise, 
in this instance), it is in a vertical position (B). 
Technically this is the position where the highest 
break of e.m.f. or voltage is reached, because the 
wires are cutting the greatest number of lines-of- 
force. Practically, however, the maximum position 
is just a few degrees farther in the rotation, as 
shown in Fig. 37, for reasons already explained. 


When the armature travels 90° more, or half of a 
revolution, it has again reached the horizontal posi- 
tion (C). The voltage is again at zero value. 


When the armature travels 90° more, or three- 
quarters of a revolution, it has again reached another 
maximum voltage position (D). 


movement 
Fig, 43 


Fig. 41 


Fig. 42 


Fig. 41. Voltage is at zero. 


Fig. 42. The left (L) side of the coil is starting to cut the lines- 
of-force up, and the right side of the coil (R) is cutting 


down. The e.m.f. is gradually increasing. 
Fig. 43. The e.m.f. is now at the highest peak because the 
greatest number of lines are cut in this position. The (L) 


side of the coil is still cutting lines up, and the (R) side 
down, therefore the voltage polarity is still the same. 


movement 


Fig. 44 Fig. 45 

Fig. 44. The e.m.f. begins to weaken because less lines are 
being cut. The voltage polarity is still in the same direc- 
tion, because the (L) and (R) sides of the coil are still cut- 
ting the lines-of-force in the same direction. 


Fig. 45. The armature has now turned one half-revolution. 
No lines are now being cut; the voltage (e.m.f.) strength is 
at zero, Thus we have had the positions as represented in 
Fig.40; (A) to (C), where the e.m.f. was in one direction. 
During the next half-revolution, the same action of the 
wires cutting the lines-of-force is repeated, except that 
the (R) side of the coil will now cut up and the (L) side 
will cut down. In this case, therefore, the e.m.f. will be 
in the opposite direction during the next half-revolution, 
as shown in Fig. 40, (C) to (E). 


4 


1 Refers to voltage. 
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When the armature travels 90° more, or a full 
revolution of 360°, it has again reached zero voltage 
position (E). 


Thus we have during one revolution! of the arma- 
ture two positions (B and C) when the voltage is at 
its highest voltage peak, and two positions (C and E) 
when it is at zero voltage. 


The voltage wave is in one direction (A) to (C), 
which we will call positive, and in another direction 
(C) to (E), which we will call negative, or two direc- 
tions during one revolution, termed “alternating 
current. Thus the voltage wave changes polarity 
at (A) and (C), as will become clear by the following 
sequence: 

The Current Wave 


The voltage wave (Fig. 40) differs slightly from 
the current wave (Fig. 46). The e.m.f. or voltage 
generated is necessary to force the current to flow. 


QQ eA 


Current or Ampérés 


Fig. 46. Current wave diagram 


The e.m-f. starts to build up at about 60° from 
(A) or at (Al), (Fig. 46), and consequently the cur- 
rent in the closed-circuit winding also starts to flow 
in a positive direction from (A) to (C) and reaches 
maximum when the contact points are opened at 
(B), or slightly afterwards. 


Position (B) would correspond to the extreme 
advance position of the contact-breaker, and posi- 
tion (B1) to the extreme retard, or about a 35° or 
40° movement. 


Therefore if the contact-breaker housing was 
advanced so that a spark would occur before (B), or 
retarded after (B1), the spark would be weak. 


There are two points in a revolution from (A) to 
(E), where a strong spark can be obtained, namely: 
between (B) and (B1), which represents half a 
revolution of the armature with the current flowing 
in a positive direction; and between (D) and 
(D1), which represents another half-revolution of 
the armature with the current flowing in a negative 
direction. 


It is clear that the contact-breaker must be 
opened at a certain position of the armature and the 
armature and cam must be driven at a fixed speed, 
which is termed “setting” or “timing the ignition.” 


The cam: As the change takes place twice during 
one revolution of the armature, it is necessary that 
a two-point cam be used on the contact-breaker in 
order to break contact twice during one revolution, 


To set the magneto: As stated, the point at which 
the armature cheek is just breaking from the pole 
(Fig. 37) is the correct position in which to set the 
magneto armature, and at the same time the inter- 
rupter points should just separate. Both operations 
should occur at the same instant. 


1On some magnetos for eight and twelve-cylinder aero 
engines the pole pieces are arranged so that four maximum 
positions are reached per revolution. The K.W. magneto, page 
246 produces 4 maximum positions or sparks per revolution, 
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Advancing and retarding: The cams are made of” 
steel and are in a casing, and by having this casing 
made so that it can be moved through, say, the one- 
tenth part of a circle, the time of the interruption of 
current can be advanced or retarded with relation 
to the movement of the armature. This means 
the spark will occur early or late, relative to the 
movement of the pistons. 


The low-tension magneto described is one which 
uses a shuttle-type armature, called the “armature 
type of magneto. ‘The wires revolve with the arma- 
ture. 


The inductor-type magneto is a magneto where 
the coils or wires are stationary. 


Splitdorf Model ‘‘D’’ Low-Tension Magneto 
and Coil System: a ‘‘Dual Ignition 
System”’ 


The illustration (Fig. 47) shows a Splitdorf dual 
system, using a low-tension “armature-type’’ mag- 
neto and high-tension coil with battery to start on 
and magneto torunon. ‘The contact breaker on the 
magneto is utilized for either the battery or magneto 
system. The primary circuit through the armature, 
however, must be opened to prevent the battery 
from demagnetizing the magnets when the battery is 
used. 
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Fig. 47. Splitdorf model ‘“‘D” low-tension magneto and 


high-tension coil—a “dual” ignition system. 


Magneto circuit: from (A) to switch blade (W), 
through connection (C) to primary wire of coil, 
through ground (G1) and (G3) to armature. The 
breaker points (P), it will be noted, are connected 
or shunted across the magneto primary circuit, 
similar to what is shown in Fig. 39, page 252. The 
circuit. proper is through the armature and circuit 
breaker, and the coil primary winding receives only 
the kick of the armature (extra current) when the con- 
tact points open, as explained on page 252. It will 
be noted that the battery circuit is open at the switch. 


Battery circuit: the switch blade (W) should now 
be on (B) side, connecting the two terminals, and 
the magneto terminals on the (M) side are open. 
Current travels from top of battery (+) to switch 
point, to primary winding of coil, to ground (G1) to 
(G2), thence through interrupter points (P) to a 
lower connection of battery. Note that the arma- 
ture is cut out entirely, but not the interrupter. 


High-tension current is distributed from the 
secondary winding on the coil to brush (R) on the 
distributor (the distributor is on the low-tension 
magneto and is driven from the armature shaft), 
thence to the spark-plug center electrode, thence 
through the spark gap to plug-shell ground (G) of 
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the engine and frame, back to the coil where the 
primary and secondary connect. 


_, Condenser: Although this is located in the coil, 
if the circuit is traced it will be observed that it 
“bridges” the points of the contact-breaker. 


Splitdorf Model ‘‘T’? Low-Tension Magneto 
and Coil System; ‘‘Dual Ignition Systems” 
Using a Dash Coil and a Tube Coil 


_ The diagrams below show the Splitdorf low-ten- 
sion model ‘T”? magneto used in connection with a 
dash type of high-tension coil (Fig. 47A) and with a 
tube type of coil (Fig. 47B). The coils are also 
termed ‘‘transformers.” Both systems are typical 
“dual” ignition systems of the interrupted shunt- 
current type. 


_Note that the distributor for distributing the 
high-tension current to the spark plugs from the 
coil is mounted on the low-tension magneto. 


Also note the connections on the coil for the 
battery. By switching to one side, the magneto 
supplies current to the coil, and by switching to 
the other side, the battery supplies current to the coil. 


To Pluce 


Vig. 47A. Splitdorf model ‘‘T’’ low-tension magneto used 
in connection with a ‘‘dash”’ or ‘‘box type”’ of high-tension coil, 


Fig. 47B. Splitdorf model “‘T’’ low-tension magneto used 
in connection with a ‘‘tube type’ high-tension coil. 


The Oscillating Low-Tension Type Magneto 


This type is a regular shuttle or armature type 
magneto (Figs. 48 and 49), and is the original mag- 
neto principle, designed for slow-speed engines. 
The armature does not revolve, but oscillates back- 
and-forth from position Fig. 48 to Fig. 49 (80°). 
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Fig. 49 


It can be used with an igniter arrangement (Fig. 
48), which is similar to that shown in Fig. 13, page 
185, except that the igniter rod is actuated by lever 
(L) on the magneto, which is tripped by trip (J). It 
can also be used with a magnetic plug, as shown in 
Fig. 49, which is screwed into the cylinder. 


The Magnetic Plug : 


The principal parts of the magnetic plug (Fig. 50) 
are: magnetic coil (5), pole-piece (2), interrupter 


Fig. 50 


(20), and contact-piece on plug shell (21). The 


plug is screwed into the cylinder. 


Principle: owing to the sudden flow of current 
through coil (5), the upper portion of hammer bar 
(1), called the armature, is attracted to pole-pieces 
(2), which effects a quick separation of contacts 
(20) and (21), producing a spark at these points. 
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The use of the magnetic plug is shown in Fig. 51, 
in connection with a low-tension magneto (type 
“K4” Bosch) with a revolving armature, with a 
main and auxiliary winding, one being a continua- 
tion of the other, and with a distributor for connec- 
tions to the magneto plugs. This system is termed 
the Honold system, and is for 2, 3, 4, 6 and 8- 
cylinder engines. 

The systems just described are not used for auto- 
mobile ignition, but are designed for slow-speed 
heavy-duty stationary and marine engines. 


INSTRUCTION No. 26 
THE HIGH-TENSION MAGNETO: Principle; Construction; Types 


Preliminary Explanation 


The high-tension magneto is not only a mechan- 
ical generator, or a substitute for the battery, but 
combines all the’elements of a complete ignition 
system, except the plugs and switch. 


It performs three separate essential functions as 
follows: generating current; transforming the eur- 
rent to a high pressure; distributing the high-ten- 
sion current to the individual cylinders. Besides 
these main functions, a number of minor functions 
have to be performed. ‘The high-tension magneto 
differs from the low-tension magneto in only a few 
_ particulars. ~ 


The high-tension magneto can be of the “induc- 
tor’ type or of the “compound-armature”’ type. 


We shall deal here with the armature type and 
explain the inductor type farther on. 


Armature winding: The armature (armature 
type) on the high-tension magneto is wound with 
an additional winding, called the ‘‘secondary wind- 
ing,”’ whereas the low-tension magneto has but one 
winding, called the primary winding. 


Instead of using a “separate” high-tension coil, as 
with the low-tension magneto, explained in the pre- 
ceding instruction, this second winding on the 
armature of the high-tension magneto takes its 
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Fig. 1. 
armature is double wound. 


place. This secondary winding is carefully 
insulated from the primary winding, except at one 
end, where it connects at (N), (Fig. 1), with the pri- 
mary winding. As the primary winding is grounded 
at (GP), the secondary winding is thus grounded 
through the primary winding. (PW) is the primary 
winding, and (SW) is the secondary winding. 


One end of (SW) is led, carefully insulated, to a 
collector ring (0) mounted on the armature shaft, 
and a carbon pencil or brush (P) rubbing on this 
collector ring takes off the secondary current and 
leads it to the distributor brush (Z). The primary 
winding circuit is explained farther on. 


The other respect in which this type differs from 
the low-tension magneto is that the condenser 
which is employed in connection with the inter- 
rupter is usually built into the high-tension magneto 
(J, Fig. 2), whereas with the low-tension magneto, 
the condenser is in the separate high-tension coil. 


Diagram of a high-tension “compound-armature-type’’ magneto, showing internal connections of armature 
It revolves between permanent magnet pole pieces with its wire winding. 
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The condenser is usually, though not necessarily, 
located on the armature shaft in order to get 1t as 
close to the interrupter as possible, and it is there 
shown in Fig. 1 (J). In some magnetos, for the 
sake of greater accessibility and other reasons, 
the condenser is located outside the armature in a 
stationary sealed box. 


_Owing to the fact that the secondary coil of the 
high-tension magneto is located on the armature 
itself, it follows that it not only receives an induced 
current, due to the breakage of the primary current, 
but itself induces a current like that of the primary 
coil, but smaller in volume. 


It has the same form of armature, field magnets, 
and principle of interrupter as the low-tension 
magneto, but of varied construction. The armature 
coil, however, is different, having a primary winding 
with a secondary winding over it, as previously 
explained. 
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Fig. 2. 


Principle of Operation 


The primary winding usually consists of about 
200 turns of No. 19 to 24 B. & 8. gauge insulated 
copper wire. 


The secondary winding usually consists of about 
12,000 turns of very fine wire, No. 34 to 38 B. & 8. 
gauge, and is of enameled silk-covered copper wire. 
The ratio is about 60 to 1. 


We have already learned that the electromotive 
force induced in a winding depends upon the rate 
of change in the number of lines-of-force and the 
number of turns of wires the lines-of-force cut. 
Therefore with this great additional number of 
turns of secondary wires on the armature, the e.m.f. 
will be greatly increased. 


The principle is very much the same as that ex- 
plained on pages 251, 253. The interrupter breaks 
the primary circuit when the armature 1s in maxi- 
mum position, or just when the armature cheek is 
leaving the pole tip. Thus the armature core 1s 
demagnetized, and the lines-of-force collapse and 
cut the secondary and primary wires at a very 
rapid rate. And, since there is such a large number 
of turns of wires in the secondary winding, the result 
is, that a very high voltage is induced in the second- 
ary winding, which at normal speeds will cause a 
spark to jump across a gap of the spark plug. This 


Longitudinal section of Bosch type DU4 high-tension magneto, 
large gear (W) which is driven by a smaller gear (KX) on the armature shaft. 
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Note that distributor brush (Z) is revolved by a 
The armature is driven by the engine. 


spark is maintained to some extent by the voltage 
induced in the secondary by reason of the constant 
change of magnetic lines-of-force or flux in the iron 
core produced by the rotation of the armature during 
the period in which the contact points remain open. 
The cam then permits the contacts to close again, 
and the operation is repeated. 


Importance of Condenser and of Quick 
Opening of Contact Points 


The condenser is provided in order to absorb the 
spark at the interrupter points when the primary 
‘circuit is interrupted or separated. In other words, 
if the condenser were not across the points, the 
lines-of-force collapsing so rapidly would produce a 
very high voltage in the primary winding and thus 
cause a heavy spark at the breaker points, before 
they had time to separate properly, just as it does 
when used with a low-tension magneto and make- 
and-break igniter. As explained before, this results 
in burning the platinum points. 


if the contact points could be opened quickly 
enough, the condenser could be dispensed with. 
In fact, if this were possible, the magneto would 
be better without it, because the condenser absorbs 
the initial current rush from the primary, produced 
by the collapsing lines-of-force, until the points are 
fully opened, thus preventing sparking at the 
points. But this is accompanied by the disadvan- 
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tage of preventing the voltage from building up to a 
high value before the contact points have had time 
to separate properly. At the same time that it 
retards the development of the primary voltage, it 
retards the secondary voltage in building up also. 
Therefore the condenser capacity should not be 
ereater than just enough to suppress the spark at 
the points. Of greater importance is the quick 
opening of the contact points, and proper adjust- 
ment. 


An advertisement of a magneto manufacturer 
reads as follows: ‘‘The most perfect interrupter 
that has ever been placed on a magneto. Its quick 
opening is largely responsible for the efficiency of 
the magneto.” This ig mentioned so that the 
reader will appreciate the importance of the quick 
opening and the proper adjustment of the interrup- 
ter points. 
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In the instruction book of the K. W. Ignition Co., . 
the following wording appears relative to the inter- 
rupter points: 


“A word of warning at this time, as to the proper distance to 
set the contact points to open, might be of value. 


“The volume of spark produced depends to a large extent on 
the proper break of the points. If they are opened quickly and 
make a clean break, the maximum spark is produced. When 
the points are too close, they do not break clean, as the arcing 
at the point causes the current to linger in the primary. When 
the points are too far apart, they may not close tight enough to 
allow current to flow, and in addition the opening of the points 
occurs too early and causes an unnecessary pounding on the 
roller. You will, therefore, note that the proper adjustment of the 
points will safeguard both electrical and mechanical difficulties. 


The points should be set to open 1/64” in order to get the best 
results. (This is on the K.W. high-tension magneto.) Asa 
rule magneto manufacturers supply a gauge to which these 
points should be accurately set.” 


There are many different constructions of inter- 
rupters, some of which are shown farther on. 


z CONSTRUCTION OF A HIGH-TENSION MAGNETO 


The following description refers to the ‘‘com- 
pound-armature type’? magneto. As an example, 
the Bosch type ‘““DU4” will be used. See Figs. 
1, 2, 3, 4, and 5, and also other exaggerated illus- 
trations in order that the purpose of the parts may 
be clearly understood. 


Fig. 3. Front view of Bosch ‘DU4” magneto, 


Interrupter Parts 


A—Platinum point on insulated contact-breaker block which 
connects with one end of primary winding. 


B—Platinum point on grounded breaker arm (C). 


C—Contact-breaker arm; platinum point at one end and lug 
at — end, which comes in contact with cam (G) as (C) 
revolves. 


D—Brass disk, fastened to armature shaft and rotating with 
it. (A), (B), and (C) are fastened to this disk and ferone 
with it, but (A) is insulated from (D) while (B) and (C) are 
grounded to it. 


E—Carbon brush grounds (D) to magneto frame (see Fig. 2, 


page 257). 


F—Cylindrical breaker-box housing which ec: be shif 
L), to advance or retard, chal a) i mea 


G—Cam blocks which cause Cc ie 
and (B), use arm (C) to separate points at (A) 


ace keeps points (A) and (B) closed until separated by 
(G) 


K—Connects with (A) or one end of primary, and connects 
with terminal (M) (insulated). 


M—Connects with switch as shown in Fig. 1. Other side of 
ri ee is grounded. When switch is closed magneto is 
off”’, 


h—Spring for holding cover in place. 


Distributor Parts 


T—Terminal to spark plugs. 
Z—Distributor brush connecting with (R). 
R—Connects with pencil brush (P) on collector ring (OQ), 


through contact conductor (Q), as in Fig. 2. 


U—Segments or contact pieces connected with terminals (T) 
on which brush (Z) slides. 


Magnets and Pole Pieces 


Magnets and pole pieces: In any standard mag- 
neto made on this principle the general construc- 
tion would be as follows: The permanent field 
magnets consist of two—or three—pairs. One mag- 
net of each pair is superimposed above the others, 
as in Fig. 6; or 2 magnets are sometimes placed side 
by side. 


Fig. 4. Bosch “D4”? high-tension ma, 

f 3 : gneto for a four- 
cylinder engine. Note single magnets. Type ‘““DU6” is the 
Pa except that it is for a six-cylinder engine, Type ‘‘D4” 

as three-bar magnets; type “‘DR4,” two-bar magnets. 
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Fig. 5. Rear sectional end view. Note safety spark gap 
(ZZ); see also, Figs. 1 and 2. Note pole-pieces screwed to end 
of field magnets. The dark shaded part on the armature 
represents secondary winding; light shading, primary winding. 


In some few cases three magnets are placed one 
over the other. For instance, on the Bosch “DU4,” 
four-cylinder engine magneto, there are two magnets 
side by side. On the “D4” there are three magnets, 
and oa “DR4,” two magnets, as will be clear by 
examining Fig. 6. The magnets are set to give 
correct north and south polarity. All north poles 
on one side and all south poles on the other side. 


Fig. 6. Showing how the magnets are placed, and also the 
end pole pieces. 


The ends or poles embrace “‘pole pieces” of soft 
iron bored out to allow the armature to rotate quite 
freely, but very closely to the pole faces; in some 
eases the clearance is only .002 inch. See also, 
Fig. 5. 

Armature 

The armature: This consists of a core of soft iron 

of H-shaped (Fig. 7) cross-section; it is also referred 
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Fig. 7. Armature of the revolving compound type (double 
wound). 


to as a “shuttle” armature. This core of soft iron 
serves to form a bridge for the magnetic flux between 
the pole shoes, and also to carry the winding in 
which the current is induced. 


The armature is found in practically every stand- 
ard type of the well-known “shuttle” type. The 
best class machines have the armature built up of 
thin stampings of soft iron, each insulated from the 
other by a thin film of varnish. ‘This form of con- 
struction is known as a “laminated armature core.” 
A laminated armature core is shown in Fig. 4, page 
243, and a complete armature wound with double 
winding is shown in Fig. 7. Laminated cores have 
the advantage over a solid cast-iron core in that 
the electrical efficiency is higher through the 
absence of ‘eddy’ currents in the iron core which 
represent considerable waste of energy and cause 
heating. 


By laminating or breaking up the core into thin 
sections, the currents are prevented from circulating 
through the iron (spoken of as “eddy currents”). 
In the case of a solid core, the iron would be an- 
nealed to render it as “soft” as possible, to obtain 
the best magnetic effect. 


Armature winding: The armature core is first 
insulated with mica or similar material. Then it 
has several layers of heavy insulated wire wound 
upon it. The Bosch DU magneto has approxi- 
mately three layers of No. 21 insulated primary 
wire and seventy to seventy-two layers of No. 36 
silk-covered secondary wire. 


To the end of this heavy primary wire is connected 
the beginning of a very fine secondary wire (see N, 
Fig. 1), insulated with silk, which is wound on the 
core until the slot is filled almost to the height of 
the cylindrical portion. After this.a wrapping of 
insulating cloth is applied, and bands are put around 
the circumference of the armature to prevent the 
wire and insulating material from flying out and 
coming in contact with the pole shoes when the 
armature is rotated at high speed. To the ends of 
the armature the steel shaft or spindle is fixed by 
brass end plates (Fig. 7). 


It will thus be noted that there are really two 
windings on the armature, whereas the low-tension 
magneto has but one winding—an inner winding 
of relatively few turns of heavy wire, and an outer 
winding of a large number of turns of fine wire. 


The armature shaft is mounted in annular ball 
pearings (Fig. 2, b and c), which are provided with 
oil guards so that any lubricant supplied to them 
will not be easily lost or reach the insulating parts. 
The armature tunnel is closed on top by an alumi- 
num cover i, (Fig. 2), and the front of the circuit- 
breaker housing is provided with a brass cover (g), 
which is held in place by means of a hinged flat 
spring (h), so that it can be removed and replaced. 
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Primary Winding and Circuit 


The winding of heavy wire, or primary winding, 
serves primarily for generating the current, and in 
connection with the fine wire or secondary winding, 
it also serves for multiplying the pressure or voltage 
to such an extent that it will produce a spark at 
the gap of the spark plug in the cylinder. 


The primary circuit (Fig. 1) begins with the pri- 
mary winding (PW) on the armature. It flows 
through the contact-breaker screw (see I, Fig. 2), 
to the stationary contact (A), thence across to the 
movable contact (B), from which it is led through 
the contact brush (E), into the metallic framework 
of the magneto, whence it returns to the beginning 
of the primary winding, which is also connected or 
grounded to the frame (GP). 


Interrupter or Contact-Breaker 


The interrupter, also called a “contact-breaker.”’ 
To accomplish this breaking of the primary circuit 
at the proper moment and then to close it again, a 
device known as a “circuit-breaker’”’ or “interrup- 
ter” is used. This is carried on the armature shaft 
opposite the driving end. 


In order clearly to explain the construction of an 
interrupter, exaggerated illustrations will be used as, 
for instance, in Figs. 8 and 8A. 


Fig. 8 


Fig. 8A 


It consists essentially of a stationary insulated 
contact point (A), (Fig. 8), and a movable contact 
point (B) on one arm of the bell crank (C). Both 
of these parts are mounted on a brass disk (@D);, 
which is securely fastened to the armature shaft and 
rotates with it. 


The stationary contact (A) is insulated from the 
supporting disk (D), while the movable contact (B) 
is in metallic connection with it, and the disk (D) 
is grounded to the frame of the magneto by a carbon 
brush (E). (See also Fig. 2.) 


The circuit-breaker is surrounded by a cylindrical 
housing (F), to the interior surface of which, at dia- 
metrically opposite points, are secured steel cam 
blocks (G and G1). 


Ordinarily the two contact-points (A and B) are 
kept in contact by a spring (H). As the disk (D) 
rotates, the outer arm of the bell crank (C) comes in 
contact with the cam blocks (G), whereby the con- 
tact-points (A and B) are separated momentarily, 
as in Fig. 8A. 


As soon as the end of the bell crank (C) passes the 
cam block (G), the spring (H) brings the two contact- 
points (A and B) together again, as in Fig. 8. 


The stationary contact-block (A) is connected 
with one end of the primary winding of the armature, 
through a screw (I, Fig. 2), which is screwed into 
the center of the armature shaft. 


The other end of the primary winding has metallic . 
connection with the armature core; in other words, 
i+ is grounded, as at (GP), (Figs. 1 and 2). 


Secondary Winding and Circuit 


The beginning of the secondary winding (SW, 
Figs. 1 and 2), is connected to the end of the primary 
winding at (N) (Fig. 1), and since one end of the 
primary winding is grounded at (GP), the second- 
ary is also grounded through the primary. The end 
of the secondary winding leads to an insulated con- 
tact ring (O) (Fig. 2), at the driving end of the 
magneto. 


From this ring the current is taken off by a carbon 
contact-brush (P). From the brush holder the 
current is carried through a spring contact-conductor 
(Q) to the central distributor contact (R). 


' The collector ring is made of hard rubber with a 
brass ferrule (O) surrounding it, against which 
ferrule a heavily insulated stationary carbon pencil 
(P) bears. The hard rubber spool has wide flanges 
for the purpose of preventing the high-tension cur- 
rent from escaping. 


Secondary Distributor 


The distributor consists of a disk of insulating 
material (S), in which are imbedded on the inner 
side one central cylindrical contact-piece (R) and 
four annular sector-shaped contact-pieces (U, U, U, 
US Pioantht 


The distributor also comprises a shaft (V, Fig. 2), 
which carries a gear wheel (W) meshing with a 
pinion (X) on the armature shaft. The gear wheel 
(W) has twice the number of teeth as the pinion, 
and the distributor shaft (V) therefore makes one 
turn while the armature makes two. 


Distributor speed: The reason for driving the dis- 
tributor at one-half the armature speed is as follows: 
The armature, as already stated, turns at the speed 
of the engine crank shaft. The magneto here de- 
scribed is for a four-cylinder, four-cycle engine. In 
such an engine, each cylinder requires a spark once 
in two revolutions of the crank shaft. 


The distributor is therefore geared so that it makes 
one revolution to two revolutions of the crank shaft 
and establishes connection between the high-tension 
or secondary winding of the armature and the spark 
plug to each cylinder once in every two revolutions 
of the crank shaft. 


Regardless of the number of cylinders an engine 
may have, the distributor rotor always turns at 
engine cam-shaft speed. 


The gear wheel (W) carries a brush holder (Y) 
containing a carbon brush (Z), which is adapted to 
make contact simultaneously with the central dis- 
tributor contact (R), and with one of the annular 
distributor contacts (U). 


This type of distributor is the “brush” type, as it makes a 


wiping contact. The “gap type’ is shown in the Berling, 


explained farther on. 


The distributor sectors (U, Fig. 1), are surrounded 
at the inside and outside by annular rings of a highly 
insulated material, since they earry the high-tension 
current. 


Each of the four annular contact segments (U) 
has secured to it a binding post (T) on the face of 
the distributor disk, and each of these binding posts 
1s connected by a high-tension (highly insulated) 
cable to one of the spark plugs. 


HIGH-TENSION MAGNETO 


The connections from distributor terminals (T) 
to the spark plugs are connected according to the 
firmg order of the engine. 


If distributor rotor (Z, Fig. 1) revolved as shown 
by the arrow point and the firing order of the engine 
was, say, 1, 3, 4, 2, the terminals (T) would be con- 
nected with the spark plugs accordingly. 


The secondary circuit to the spark plugs is from 
(P) (Figs. 1 and 2), to (R), to (Z), to (U), to (T), to 
spark-plug center electrode, through spark-plug gap 
(X), through engine to ground (GP) on the magnets 
to (N) (Fig. 1), where the secondary is connected 
with the primary winding. 


There are numerous methods of taking the cur- 
rent from the secondary winding on the armature, 
but in the Bosch a carbon brush pressing on an 
insulated ring is adopted, thus allowing the armature 
to rotate freely, and also enabling the induced 
current to be drawn off. 


The distributor is, in effect, a rotary switch, 
especially insulated and provided with a number of 
contacts equivalent to the number of cylinders on 
the engine. 


The distributor shaft is mounted in a plain bronze 
bushed bearing (V, Fig. 2), which is lubricated by 
means of a wick oiler (e). A felt washer (d) encloses 
the inner end of the bearing, while at the distributor 
end is provided a channel (j) for the escape of any 
oul working out of the bearing so that it will not 
reach the distributor. A large-sized oil well (0) is 
provided for the wick oiler and is closed by a hinged 
cover (f) on top. 


Ground Brush 


Some of the mechanical details of the magneto 
may be seen in Figs. 1 and 2, which are views of the 
Bosch model “DU4.” It will be observed that a 
spring-pressed contact brush (a, Fig. 2) is placed in 
the base of the magneto bearing against the circum- 
ference of one armature end-plate. The object of 
this contact brush is to make absolutely sure that 
the revolving grounded metallic parts of the magneto 
are at all times in good metallic connection with the 
stationary part and the frame of the car; in this 
construction, therefore, the armature bearings carry 
no ground current. 


Magneto Condenser 


Condenser principle: When the two contact 
points (A) and (B) of the interrupter (Figs. 1, 2, and 
3) are suddenly separated, there is a tendency for 
the current to continue to flow across the gap, since 
it possesses a property similar to the inertia of 
matter. This would result in a hot spark being 
formed between the contact points, which not only 
would burn the points away rapidly, but also would 
prevent a rapid cessation of the current, which, as 
already explained, is necessary in order to effect a 
rapid change in the lines of magnetic force through 
the armature and a high inductive effect in the 
secondary winding. To obviate this effect a con- 
denser (J, Figs. 1 and 2) is employed, which, in the 
Bosch magneto, is placed in a hollow of the armature 
end-cover at the circuit-breaker end. 


Condenser construction: This condenser consists 
of two sets of tinfoil sheets, sheets of opposite sets 
alternating with one another, and being separated 
by sheets of insulating material. All the sheets of 
each set are metallically connected, and one set is 
connected to the conductor leading from the pri- 
mary winding to the stationary contact point (A), 
while the other set is grounded. In other words, 
the condenser is shunted across the interrupter. 
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Such a condenser 18 capable of absorbing an elec- 
trical charge, and its capacity is so proportioned that 
it will take up the entire charge of the extra, or 
self-induced current produced when the contact 
points (A) and (B) separate; that is, the extra cur- 
rent, instead of appearing in the form of a spark 
across the gap between (A) and (B) passes into the 
condenser (J). In this way the objectionable arcing 
or burning at the contact points is avoided, and 
the current flow in the primary circuit is more 
quickly stopped. See Index under ‘Condenser 
principle.” 


Magneto Safety Spark Gap 


Purpose: This is practically a safety valve for 
the high-tension current. If, for example, a wire 
became detached from the sparking plug or from 
the distributor so that the ordinary path of high- 
tension current was barred, there would be consider- 
able danger of the current forcing a circuit through 
the insulation of the armature, and thus doing very 
considerable damage, were it not given some easier 
escape. 


In order to protect the insulation of the armature 
and all other parts from injury due to excessive 
voltage, a safety-spark gap (Z1, Z2, Fig. 2) is pro- 
vided to permit the passage of the current to 
ground without injury. The current will pass 
across the safety-spark gap (X, Fig. 2) in case a high- 
tension cable is disconnected, if the spark-plug gap 
is too great, or if for any other reason the spark-plug 
or distributor circuit is open. 


Discharge should not be permitted to pass through 
the safety spark gap for any great length of time, 
however. This should be particularly guarded 
against if the engine is operated on a second or auxili- 
ary ignition system. When the engine is operated 
on such a system, the magneto should be grounded 
(by closing the primary circuit) in order to prevent 
the production of high-voltage current. See also 
Index under “Safety spark gap.” 


A magneto must be so designed that it will give a 
sufficiently hot spark at a comparatively low engine 
speed, and the ability to do this implies the ability 
of generating very large and hot sparks and enor- 
mously high tension at high engine speed. 


The actual electromotive force or tension pro- 
duced in the secondary winding is, however, limited 
by the size of the spark gap in the spark plug, for as 
soon as the tension reaches a point sufficient to 
jump this gap the discharge occurs, and there is no 
further increase in the electromotive force. 


Suppose, however, that the terminals of the spark 
plug are by chance bent unduly far apart, or that 
one of the high-tension connections to the spark 
plug accidentally comes loose, then there would be 
no chance for the spark to pass in the ordinary way 
and the electromotive force in the secondary wind- 
ing might build up to such an extent as to puncture 
the insulation of the winding, which would ruin the 
armature. To avoid this the safety spark gap is 
provided. 


Safety spark gap construction: It consists of a 
little chamber (Fig. 2) formed on top of the armature 
cover plate with a top of insulating material (ZC). 
Into the top and bottom of this chamber, spark 
terminals (Z1, Z2) are set. 


The spark terminal in the bottom is, of course, 
grounded, and that in the insulated top is connected 
with a high-tension contact brush (P) by a strip 
connector. Or, in other words, the safety gap is 
shunted across the secondary circuit. 
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The gap (X) between the two terminals (Z1, 22) 
is longer than the gap between the spark plugs, and 
ordinarily no spark will pass between these termi- 
nals. But if, owing to the conditions already 
mentioned, no spark can pass at the regular spark 
plug and the electromotive force in the secondary 
winding attains an abnormal value, a discharge will 
occur at the safety spark gap, thereby preventing 
the secondary electromotive force from rising still 
higher. 

The width of gap should be 5/16” to 34”, and, of 
course, is always more than the width of the spark- 
plug gap, otherwise the spark would occur at the 
safety gap. 

For high-compression engines it should be set at 
34’, Under high compression, the sparks may fire 
across the safety gap instead of firing in the engine. 
Missing under such conditions can easily be remedied 
by opening the safety gap so that it will offer a 
greater resistance to the secondary current than 
the spark+plug gap, under compression. 


A number of other illustrations are also shown of 
the Bosch DU4 magneto, in Figs. 3, 4, and 5, which 
may aid those not familiar with mechanical drawings 
to grasp the arrangement of the parts. 


So far as the above description of the individual 
parts and their functions is concerned, it applies 
to any true high-tension magneto, that is, a magneto 
having both a low-tension and a high-tension wind- 
ing on the armature. 


Each of the elements here described is always 
present, and serves the purpose indicated, though 
ihe relative location of the parts varies somewhat. 


To Cut Off the Magneto Ignition; the Switch 


It is necessary to be able to stop the magneto from 
producing sparks when it is desired to stop the 
engine. (See Fig. 2.) To this end a sheet-metal 
strip (K) is provided which makes contacts with 
the stationary contact point (A) of the circuit- 
breaker and leads to a binding post (M) on the cir- 
cuit-breaker housing. From this binding post a 
wire is carried to a switch on the dashboard. One 
side of this switch is grounded. 
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When the switch is closed (Fig. 1), the current 
generated in the primary winding of the armature 
flows to contact-point (A), thence through strip (K), 
binding post (M), and connecting wire to the switch, 
whence it passes through a wire into the framework 
of the car and returns to the grounded primary (GP). 
The effect of this is that the primary winding is 
“short-circuited” all the time, and the opening and 
closing of the contact-points (A) and (B) has no 
effect. In other words, the circuit-breaker is “cut 
out.” 


When the switch is open, the circuit is then from 
primary circuit to (A), through points to (B), 
through ground (GP) to the other end of the pri- 
mary. Thus when the circuit-breaker opens, it 
is in series with the primary circuit, and performs 
its regular duty. 


The flow of the primary current can easily be 
followed in the diagram of connections (Fig. 1), 
where its direction when the magneto is working 
regularly is indicated by full arrows, and its return 
path when the magneto is running but not producing 
sparks, is indicated by dotted arrows. 
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Fig. 9. Another simplified illustration of a high-tension 
magneto ignition system, showing circuit of primary wire wind- 
ing on armature and its connection with interrupter. Note 
the condenser is ‘‘shunted” across the interrupter. Another 
view shows the distributor and spark plugs and connections. 
Dotted lines represent the earth or ground connection to frame, 


HIGH-TENSION MAGNETO IGNITION SYSTEMS 


High-Tension Magneto Alone 


In Fig. 1, page 256, and in Fig. 1, below, note 
the high-tension magneto supplies current to the 
four spark splugs on a four-cylinder engine. 
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Fig. 1. A “single” high-tension magneto; engine is started 
direct from magneto current. Current is distributed to the 
one set of spark plugs. The switch connects to interrupter on 
magneto on one end, and to ‘‘ground” on the other. To stop 
magneto, the switch is closed, not opened. 


The armature is double wound; therefore a 
separate coil is not necessary. The distributor on 
the magneto distributes the high-tension current to 
the spark plugs. 


The advantage of using a high-tension magneto is 
that a well-designed magneto gives a very hot, fat 
spark and this spark exists for a definite period, thus 
firing all of the gas in each cylinder of the engine. 
The volume of the spark and the heat of the spark 
are important factors. Both are necessary to 
ignite the gas quickly, so that it will all be ignited 
before any part of the unburned gases can pass out 
of the exhaust. Thus it is clear that a heavy 
magneto spark has a very high degree of heat, 
whereas a lean spark takes longer to ignite the gas. 
Consequently, in the latter case, part of the gases have 
a chance to pass out the exhaust in an unburned state. 


The disadvantage of this system is in starting. 
The armature on the magneto must be revolved 
fast enough to generate current before the spark will 
oceur at the plugs. Therefore it is necessary to 

spin” the crank. This is not very satisfactory 
unless an “impulse starter” or electric starter is 
provided to crank the engine. Hence this is one 
reason why “dual ignition systems” are adopted 
where a magneto is used. The starting of the 
engine 1s accomplished with a coil and battery sys- 


tem, and after the engine is started, the magneto is 
switched on. 


HIGH-TENSION MAGNETO 


_ The magneto, using an impulse starter (see Index) 
is used quite extensively on trucks and tractor 
engines, but is not used on passenger car auto- 
mobile engines. 


Dual Ignition 


_ Dual system of ignition: Where a car has two 
ignition systems, for instance, a “coil and battery” 
and independent “magneto,” but both systems using 
one set of spark plugs, this system is plied a “dual’ 
ignition system. ’ 


Dual ignition is quite common where magnetos 
are used, that is, before the advent of the “impulse 
starter’; the idea being to have an auxiliary battery 
and coil system to start on, and the magneto to run 
on. 


There are two general principles of dual systems, 
which were formerly used to a great extent: the 
“Jow-tension magneto” and a separate “high-tension 
coil” and battery—as explained in pages 247, 254. 
The coil and battery were used for starting the 
engine; after starting, the magneto supplied the 
current to the coil. 


The other method is the use of a “high-tension 
magneto” and a separate and distinct “high-tension 
coil” and battery ignition system. The engine is 
started on the battery and coil system, then switched 
over to the high-tension magneto which is inde- 
pendent of the coil and battery. 


An example of a dual system using a high-tension 
magneto and separate high-tension coil and battery 
is shown in Fig. 2. 
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Fig. 2. A ‘‘dual’’ system of ignition; either the high-tension 
single coil with battery (using the distributor on the magneto) 
may be used or the high-tension magneto alone, may be used. 
Only one set of spark plugs. 


Double Ignition 


Double system of ignition: Where two sets of 
spark plugs are used with two independent ignition 
systems, this is called a “double” system. An 
example of a ‘double’ ignition system using a bat- 
tery, high-tension coil, timer, and distributor for 
one system, and a high-tension magneto for the 
other with two spark plugs in each cylinder, is 
shown in Fig. 3. Hither of the two independent 
ignition systems can be used separately, or both can 
be made to operate at one time. 


The positive (+) terminal of the battery is 
grounded and the negative (—) terminal led to 
terminal (5) of the stationary switch plate at the 
rear end of the coil. Switch terminal (1) is then 
connected with the binding post located on the 
under side of the timer-distributor. The second 
binding post on the timer-distributor, which is 
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Fig. 3. Bosch “double’”’ system of ignition—two sets of 
spark plugs and two independent ignition systems. 


located on the under side of the timing control arm 
(7) is grounded. Switch terminal (2) is connected 
to the grounding terminal of the magneto. 


_ The distributor contacts on the magneto and 
timer-distributor are connected in accordance with 
the firing order of the engine. 


When the switch lever is in the off position, the 
battery circuit is broken and the magneto is 
grounded, in consequence of which no sparks will 
be produced when the motor is cranked. 


With the switch lever thrown to the battery 
side (B), the magneto will continue grounded, but 
the battery circuit will be completed, and, in con- 
sequence, the breaking of the circuit by the timer- 
distributor will result in the production of a spark 
that will be transmitted to the proper cylinder by 
its distributor. 


The same condition will exist with the switch 
lever thrown to position (MB) (where both the 
magneto and the coil and battery are in operation), 
except that then the magneto ground circuit will be 
broken and magneto sparks will be produced in ad- 
dition to the battery sparks. 


With the switch lever thrown to position (M), 
or the magneto alone, the magneto will operate in 
the normal manner, and the battery circuit will be 
broken. 

Two-Spark Ignition System! 

Here we have two distributors on the one mag- 
neto, and two spark plugs are provided for each 
cylinder. The principle is similar to the “double” 
system, except that the one high-tension magneto 
has two distributors. 


The purpose of the two-spark magneto ( Figs. 4 
and 5) is to produce ignition at two plug points in 


IGNITION COWL 
SECONDARY TERMINALS 


STRIBUTOR FOR 
Le PLUGS: 


ax AC 

IO} 

DRIVE END 

Fig. 4. Remy two-spark magneto ignition system; one 

magneto with two distributors connecting with two sets of 
spark plugs. 


1The “‘two-spark” system was formerly used on the Stutz 
and Mercer. It has also been used on some Fiat, Locomobile, 
and Marmon cars. Some of these cars are now using a two- 
spark coil and battery ignition system. 
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each cylinder, in order to reduce the time interval 
between ignition and complete combustion; and, 
where it is possible, to locate two spark plugs in 
each cylinder (usually in T-head engines, one set 
of spark plugs being placed on the inlet side of the 
engine and one set on the exhaust side). The result 
is to reduce the ignition advance necessary, and thus 
to secure an increase in the efficiency and output of 
the engine. 


The advantage of having two spark plugs fire. at 
one time in each cylinder is the resulting increase of 
power and speed, explained as follows: By referring 
to the subject of “ignition timing,” we learn that 
there is a difference between the time when the 
spark occurs and the actual time of combustion. 
Therefore with a weak spark, the time of the spark 
is made to occur earlier, that is, “‘advanced,”’ before 
the piston reaches the top of the compression stroke, 
in order that it may have time to ignite the gas, 
combust, and expand before the piston gets too far 
down onthe power stroke. With a ‘double’ sys- 
tem or ‘“‘two-spark” system, or a good hot spark, 
this advance of ignition is less, as the combustion 
is almost instantaneous. Consequently, with less 
advancement of spark, there is less liability of firing 
back on the piston before it reaches the top of the 
compression stroke. Furthermore there is a saving 
of gasoline, because with a good hot spark, all of the 
gasoline is ignited and used for power instead of 
part of it passing out of the exhaust, not fully ignited. 
In other words, a weak spark produces slow com- 
bustion, and a hot spark quick combustion. 


The Remy two-spark magneto is shown in Fig. 4 
and the Bosch two-spark magneto is shown in Fig. 5. 


Bosch Two-Spark Magneto 


The types “ZR4”’ and “ZR6” Bosch magnetos 
are produced with the two-spark, independent or 
dual form. The noticeable difference in the two- 
spark magneto from the single-spark magneto is in 
the double distributor (DD) (Fig. 5) and arrange- 
ment of the safety spark gap under the arch of the 
magnets. 
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Bosch two-spark magneto ignition system. 


Fig. 5. 


Fig. 5A (upper). Switch: 0, off; 1, one set of plugs o - 
ing; 2, both sets operating. : oe 


In the single-spark magneto, the beginning of the 
armature secondary circuit is grounded on the 
armature core through the armature primary cir- 
cuit, whereas in the two-spark magneto, the two 
ends of the armature secondary circuit are connected 
to two sectional metal segments diametrically 
opposite on a single slipring. 


Two slipring brushes are provided, which are 
horizontally mounted in brush holders on opposite 
sides of the shaft and plate. During the portions 
of the armature rotation when high-tension current 
is being delivered, each of the two slipring segments 
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will be in contact with one of the brushes. One 
brush is connected to the inner distributor by means 
of a conducting bar similar to that used on single- 
spark magnetos. The second slipring brush is con- 
nected to the outer distributor by means of a short 
length of cable passing around the magnets. The 
rotating distributor piece is of double length and 
carries two brushes insulated from each other. 


The four and six-cylinder types are fitted with 
eight and twelve distributor outlets respectively, 
each pair of outlets being connected to the spark 
plugs of the proper cylinder by the usual cables. 


Advance and retard: The use of two-spark igni- 
tion permits the ignition lead to be cut down any- 
where from 30 to 50 per cent. It will be understood 
that if the timing is correct for two-spark ignition, 
and one of the series of spark plugs is cut out of 
action, the remaining series will operate consider- 
ably in retard of what it would if the engine were 
timed for single-spark ignition. Therefore, if the 
two-spark ignition provides the full advance, the 
effect of retarding the spark is obtained by cutting 
out one series of plugs. 


The switch (Fig. 5A) provided for the two-spark 
independent magnetos is so arranged that ignition 
may be secured, either with both sets of spark plugs, 
or with but one set. The purpose of this is to give 
the effect of retarding the spark, without altering 
the relation between the interrupter opening and 
the armature, as is done under normal conditions. 
The connections should be so made that the system 
of plugs that is operative when the switch is thrown 
to the single position is located near the inlet valve. 


In starting, throw the switch lever to “single plug” 
position. ‘This gives the effect of a retarded spark. 


For ordinary running, operation should be on 
both series of plugs; for slow work through traffic, 
or when the engine is running idle, use the single 
plugs, or only one set. 


COO. 


_ Timing: “Time” in this connection refers to tim- 
Ing a single-spark magneto (interrupter retarded 
and piston on top of compression stroke). It will 
be found however that this timing will likely give 
two great a spark advance when the interrupter is 
fully advanced, as the two-spark magneto should 
have from one-third to one-half the advance of that 
of a single-spark magneto. Therefore retime, so 
that the interrupter points will open slightly later. 
A good method to follow is as given below. 


To replace a single-spark magneto with a two- 
spark instrument, the maximum advance for the 
single-spark magneto is to be marked—preferably 
on the flywheel—and the two-spark magneto timed 
in the advanced position, so that the interrupter 
opens the circuit at a point midway between the 
mark on the flywheel indicating the single-spark 
advance, and that indicating top dead center 
retarded. A more exact timing may then be secured 
by experiment. 


Berling Type “‘D’’ Two-Spark Magneto 


This magneto is designed for four, six, and eight- 
cylinder engines where. the charge in each cylinder 
is ignited simultaneously at two separate spark plugs. 


_ The eight-cylinder type, shown in Figs. 6 and 6A 
is designed to operate at twice the crank-shaft 
speed, and the six-cylinder magneto at one and 
one-half crank-shaft speed. The four-cylinder is 
designed to operate at crank-shaft speed. This 
type of magneto is designed for heavy duty, marine 
and aeronautical engines, sata 


HIGH-TENSION MAGNETO 


TO SPARK 
PLUGS 


Fig. 6 


In the type “D” two-spark Berling magneto, 
neither end of the secondary winding is grounded, 
but each is connected to one of the two separate 
segments on the collector ring. 
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Fig. 6A 


The distributing mechanism consists of two separ- 
ate distributor blocks (Fig. 6) and one distributor 
finger carrying two separate distributor brushes 
(B), each brush connecting with the segments (S) 
of its respective distributor block. Thus, any two 
cable terminals directly opposite each other on the 
distributor blocks will practically possess an equal 
electrical potential relative to any part of the body 
of the engine. 


When any two opposite cable terminals are con- 
nected each to one of two plugs in the same cylinder, 
the electrical circuit of the secondary or high-tension 
current will be closed the moment the spark gaps 
are bridged and that portion of the cylinder (C) 
between the two plugs forms part of the electrical 
circuit. The two sparks are the result of one break 
in the primary circuit by the interrupter, and are 
therefore absolutely simultaneous. 
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two-spark dual ignition system, The coil parts (Fig. 7A) are: t ver; 
button; fay renee Openiine both sets or one set according to position of two-point switch; (B) battery operating inlet plugs, 
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When the switch is in position 1 (Fig. 6A), the 
primary winding of the magneto is short-circuited 
and the magneto is “off.” Note that the circuit 
is from (P) to (1), to ground (G1), to ground (G4), 
to the other end of the primary winding at “ground.” 


_ When the switch is on 2, note that the primary 
circult 1s open at 1. Therefore the interrupter 
points on (A) and (B) perform their regular duty of 
opening the closed circuit at the proper time. The 
path is from (P) through (A) and (B) to (G2), to 
(G4), to “ground,” or the other end of the primary. 


The secondary circuit is then from (S) to (B), to 
No. 1 spark plug, through ground of engine, to 
ground (G1), to (2), to (S1), or to the other end of 
the secondary. Thus the magneto acts as a single- 
spark magneto and the entire voltage generated in 
the magneto is concentrated on the one spark plug 
for starting, instead of being divided in half. 


When the switch is in position 3, the primary 
circuit is the same as when on 2 (in action), but 
the secondary is not grounded. Therefore,- the 
secondary circuit would be from (S), to one of the 
two separate segments on the collector ring, to No. 
1 spark plug, through cylinder (C) to the shell of 
the other spark plug (No. 2), across the spark-plug 
gap, to the distributor brush (B1), to the other seg- 
ment on the collector ring, to (S1), thus completing 
the secondary circuit through both distributors 
with the result that the two spark plugs, which are 
thus in series with the secondary circuit, both fire 
at one time in the same cylinder. 


Bosch Two-Spark Dual Ignition System 


When the switch (Fig. 7A) is thrown on the mag- 
neto side, without the two-point switch (Fig. 7B) 
in the circuit, the path of the current is as follows: 
The low-tension current generated in the primary 
winding of the magneto passes through the breaker- 
points to ground. At the break of the points a 
high-tension current is set up in the secondary 
winding, this current leaving the magneto at 3 and 
passes to the point 3 on the coil, as indicated by 
the arrows. Then from point 3 to point 4 and 
thence to the distributor wire, along this wire to 
point 4 on the magneto. The distributor arm next 
receives the current which in turn is sent to the dif- 
ferent plugs as indicated by the arrows. The 


current is sent to the ground after leaving the spark 
plugs, and the high-tension or secondary winding be- 
ing grounded at one end, the secondary circuit is 
complete. 


il 


{ 


BOSCH TWO-POINT 
SWITCH 


GROUND 
(L) key lock; (K) kick lever; (P) push 
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When the two-point switch (Fig. 7B) is thrown so 
that both sets of plugs are to come into play, both 
distributors of the magneto become operative. ‘The 
path of the primary and secondary current to 
the magneto in this case is the same as before, but 
when delivered to the magneto, the current is passed 
to two distributors instead of one. In this way 
two distinct electrical currents are distributed to 
two different sets of spark plugs. 


The coil and battery ignition is used independently 
of the magneto by switching to the (B) side of the 
switch (Fig. 7A) and one or both sets of plugs are 
connected with the two-point switch (Fig. 7B) 
(Motor Age). 


Two-Point Ignition System 


The ‘‘two-point”’ system is where two sparks occur 
at the same time but in different cylinders. 


On a four-cylinder engine, the spark would occur 
at two spark plugs at once, but inasmuch as one of 
the pistons would be on exhaust stroke, this would 
make no difference. : 


The Bosch type ‘‘NU4” high-tension magneto is 
an example of a “two-point” system where two sparks 
occur at the same time, but in different cylinders. 


Bosch Two-Point Magneto Ignition 


The type ‘“NU4” Bosch magneto differs from the 
usual type of magneto in that the distinct gear- 
driven distributor, common to other types, has 
been eliminated, and in its stead is a double slipring 
combining the functions of current collector and 
distributor. Otherwise it is about the same as any 
other form of magneto. 


DISTRIBUTOR AND DRIVE END 
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NTERRUPTER 
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The spark occurs in two cylinders at one time 
with this system, but one of the cylinders in which 
the spark occurs has not completed its exhaust 
stroke; therefore the spark does no harm, 
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CARBON BRUSHES 
METAL SEGMENTS 
C/ON NOZ2 SLIP RING. 


SECONDARY WINDING POINTS 


BREAKING 


INSULATEBS ADIT.SCREW, 


INTERUPTER ARM 
GROUNOEO 


SAMS 180° APART: 


THE TWO METAL SEG- 
MENTS ARE SET 180° 
APART E ARE /N- 
SULATED FROM EACH 
OTHER 

Fig. 8C 


The interrupter contacts in the full retard position 
should open not later than top dead center of the 
compression stroke; therefore the effective spark 
is produced in the cylinder always toward the end 
of the compression stroke and the surplus spark 
will always occur near the end of the exhaust stroke 
and never during the inlet stroke. In any four- 
cylinder, four-cycle engine, regardless of firing order, 
when cylinder No. 1 is nearing the end of the com- 
pression stroke, cylinder No. 4 is nearing the end 
of the exhaust stroke, and vice versa; similar con- 
ditions apply also to cylinders Nos. 2 and 3. 
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Fig. 8E 


FLOW OF CURRENT 


The brushes, when making contact with the metal 
Strip in the collector rings, collect the high-tension 
current and carry it to the spark plugs. Note the 
connections from ring to plugs. When brushes 2 
and 3 are making contact, follow the circuit in Fig. 
8D, and note the arrow points. Now if the piston 
makes another stroke, or 180° travel, the armature 
will turn 180° or half a revolution also, as it runs at 
engine speed in the four-cylinder, four-cycle engine. 
Therefore the contact on the ring will turn 180° 
or a half-revolution and cylinders 4 and 1 will fire as 
in Fig. 8E. This type of magneto was used on the 
model 80 Overland. 


Timing the “NU4” magneto: With the average engin i 
result is obtained by connecting the magneto ES that pra ed 
rupter housing is in full retard position, and the platinum 
interrupter screws just about. to separate, when the piston of 
No. 1 cylinder is on top dead center of the compression stroke, 


At the same time the metal segments of the slipri 
be in contact with the brush marked “1” in each ash proula 
and this can be observed by removing one of the holders, 


: The installationis completed by connecting the brush 

ste via arched No. a aad: the other with wiih cos 
and wo remaining br . ky “3,” with 
cylinders Nos. 2 and 3. 2 oa Gavan wiley ae ne 


HIGH-TENSION MAGNETO 


COLLECTOR RING 
TERMINALS 


Fig. 8F. Note connections from collector ring terminals to 
spark plugs. 
_ It is important to note that the type “‘NU4,’’ driven, as 
it should be, at engine speed, produces a surplus spark in each 
cylinder exactly 360° behind the effective or power spark and, 
in coupling the magneto to the engine, it must be timed so that 
the surplus spark occurs during the exhaust stroke and not after 
the inlet valve has commenced to open. 


Bosch Vibrating Duplex System 

The Bosch vibrating duplex system is designed 
to permit easy starting on cars that are cranked by 
a starting motor at such a low speed that the igni- 
tion current from the ordinary magneto is insufh- 
cient to give certain ignition. 

Do not confuse this system with an electric sys- 
tem of starting by movement of the crank shaft. 
The principle of this system is to supply a separate 
battery and vibrating coil to start the engine on, 
doing away with a dual system. 

How it operates: The arrangement is such that, 
while the magneto circuit is absolutely independent 
and complete in itself, the battery circuit includes 
both the coil and the magneto. 


Arrangement when employing 
battery of.a grounded lighting 
or starting system, or separate 
battery for ignition. 


Fig. 9. Bosch vibrating duplex ignition system. 

With the switch in the battery position, the bat- 
tery and coil are in series with the primary winding 
of the magneto armature, and the current from the 
battery supplements that generated by the magneto. 
Thus there is induced in the secondary winding of the 
magneto armature a very powerful sparking current, 
which, on account of the vibrator action of the coil, 
appears not as a single spark, but as a series of intense 
sparks that will act with certainty on any explosive 
mixture. The sparking current so produced is dis- 
ae in the usual way by the magneto distrib- 
utor. 


After the engine is started, the switch is turned to 
(M) side, and the coil and battery are disconnected. 


THE BOSCH DUAL-IGNITION SYSTEM 


The parts of this system are shown in Fig. 10, This system 
provides a coil and battery system and a high-tension magneto 
system, both independent. One set of spark plugs and one 
distributor on the magneto is used for both systems. 


WIRING DIAGRAM 
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Fig. 10. Wiring diagram of the Bosch ““DU4”’ dual-ignition 


Battery 


system. The “DU4” type magneto is fitted with two inter- 
rupters as in Fig. 11, instead of one as generally used. 


BATTERY AND 
COIL TIMER >, 


BS MAGNETO 
OSS INTERRUPTER’ 

Fig. 11. The magneto is the regular “pua” high-tension 
magneto fitted with an independent timer or interrupter for the 
coil and battery systera. ‘This contact-breaker has no electrical 
connection with the magneto. Thesecond alteration from that 
of the regular single ‘‘DU4”’ high-tension magneto consists of the 
removal of the connection (see Fig. 2, page 257), which on the 
ordinary magneto connects the high-tension collector-ring to the 
distributor; when the distributor does duty for two ignition sys- 
tems, the current must be carried to it through the switch, via 
wire 4 when the battery and coil system are switched on (see 
Fig. 10), or via wire 3 when the magneto 1s switched on. 
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Fig. 12. The coil and switch (mounted on dash) are shown: 
The coil is a double-wound high-tension coil. The switch con- 
trols both ignition systems. Note that when switch (11) is 
turned, the coil with its core (20) and winding, and end of coil 
(17) turn also. Switch plate (16) is stationary. 


Parts of the switch and coil are as follows: 11, switch handle 
(also called, kick-switch); 12, movable switch cover; 13, coil 
case; 14, starting press button; 16, fixed or stationary switch 
plate (see also, Figs. 17 and 18); 17, movable switch plate on rear 
end of coil (see Fig. 16); 20, iron core of coil over which primary 
and secondary are wound; 21, plate carrying starting arrange- 
ment and condenser; (C) condenser. Primary winding connects 
to it at (S); 23, contact spring; 24, trembler blade also called 
vibrator blade; 25, auxiliary contact-breaker; 28, screw holding 
switch plate to coil; 29, locking key; 30, dashboard or cowl. 


1 Tn practice, connections from distributor to spark plugs are 
not as shown; if so, it would fire 1, 2, 3, 4, whereas it should 
connect to fire 1, 2, 4, 3, or 1, 3, 4, 2. The main purpose of 
diagrams is to show the switch circuits. 
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Fig. 14 


Fig. 13. Front view of switch (M), magneto side; (B), 
battery side. 
Fig. 14. Side view of switch and coil case. 


Fig. 15 Fig. 16 Fig. 17 


Fig. 15. Front view of coil to which the switch is attached; 
(V) is the trembler or vibrator blade (26, Fig. 12); 14, the press- 
button contact. 


Fig. 18 


Fig. 16. Rear movable switch-plate with busbars and 
connections (Z) on end of coil. (It is the part as shown at 17, 
Fig. 12.) 

Fig. 17. Inner side of stationary switch-plate (as shown at 


16, Fig. 12) showing connections 1, 2, 3, 4, 5, and 6, which 
make contact with connections (Z, Fig. 16) when switch is 
turned to (B) or (M) side. 


Fig. 18. Rear-end view of switch-plate (16, Fig. 12) show- 
ing terminals to which wires are connected as shown in Fig. 10. 


Starting Engine 


The engine is usually started by the switch being placed on 
the (B) or battery side; the interrupter (1) on magneto being 
cused for the primary winding on coil and the distributor on 
magneto being used to distribute the high-tension current to 
the spark plugs. Otherwise the magneto has no connection 
with the battery and coil-ignition system when the switch is 
on the (B) side. 


In order to start the engine with the starting handle (or 
electric starter, if one is provided), the press-button (14, Figs. 
10 and 12) is pressed down and then turned at right angles, a 
process which locks it in position for the trembler spark. 


The engine can also be started on the switch or ‘Senition,” 
as itis often termed. The switch is turned to (B) side and then 
the brass press-button (14) is pressed down. Often this will 
start the engine, if the cylinder has a charge of gas init. If 
not, then it will be necessary to crank the engine after locking 
the press-button as explained above, 


_ To understand this ignition starting feature, see Fig. 19. The 
six-volt storage battery (or 10 dry cells) is supposed to be 
switched on (B) side. 
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Fig. 19 
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Starting from the left-hand storage battery terminal (to make 
it easier to understand), the current passes through the primary 
winding and arrives at the end of the trembler blade and the 
blade above, called the auxiliary contact-breaker. The current 
cannot travel beyond the trembler blade because, as will be 
seen, the platinum points are separated. Neither can it com- 
plete the circuit along the auxiliary contact-breaker blade 
because the main contact-breaker (left-hand lower corner) 
also stands open, being the position in which the contact- 
breaker always comes to rest when the engine stops, save for 
the few occasions when the engine stops with the piston about 
dead center. 


To start the engine, therefore, we have only to press the 
button so that the upper platinum point comes into contact 
with the lower one, and immediately the circuit will be com- 
pleted, the trembler will start buzzing, and a shower of sparks 
will be sent through the plug of the eylinder which is next to 
fire. Now the work of the trembler blade is done, the engine 
has started, and the main contact-breaker is setin motion. The 
current troubles no longer about the trembler blade, but follows 
the upper path along the auxiliary contact-breaker and through 
the main contact-breaker, the making-and-breaking of which 
does the work of the trembler and creates the high-tension 
current. The engine may be kept running in this manner at 
the pleasure of the driver. 


The auxiliary contact-breaker (Fig. 19): Now let us take the 
exceptional case of the engine stopping with the pistons about 
dead center and the main contact-breaker points (BP) closed. 
The current this time finds an easy circuit through the closed 
points, the iron core becomes magnetized, the trembler blade 
is held down on the core, and pressing the button as before has 
no effect. No spark is made because there is no break in the 
circuit. But if the reader will examine the diagram closely, he 
will observe that the act of pressing the button presses the 
auxiliary contact-breaker blade away from its upper platinum 
point and on to its lower one, the momentary break thus caused 
in the circuit being sufficient, under the circumstances we are 
supposing, to create the necessary high-tension current for 
the spark in the cylinder and so to start the engine. 


When the engine stops in the more usual way with the stor- 
age battery contact-breaker open, the opening and closing again 
of the auxiliary contact blade has no effect. The diagram (Fig. 
12) shows the coil as it actually exists. 


Battery and Coil Position 


The illustration (Fig. 20) is supposed to represent the rear of 
coil and switch. Points 3 and 4 are not connected, conse- 
quently the magneto secondary circuit is open. Note that the 
magneto primary wire is grounded at 2; therefore it is out of 
service, 


REAR END 
OF COl 


Fig. 20. Battery position, 


Coil primary circuit: When the switch is on (B) side the 
current in the battery leaves it at the positive (+) side and 
travels through ground wire (G) to battery and coil timer or 
interrupter, which is operated by a cam on the magneto. The 
course is then to Re (1) through mechanism in direction of 
arrows, to point (S). 


It flows then through the primary winding (PW) of the coil, 
and as the arrows show, through point (5) back to the battery 
thus completing the primary circuit. é 


_ Coil pocondary circuit: In passing through the primary wind- 
ing, & high-tension current is set up in the secondar windi 
(SW), when breaker-points separate, zs ae 


This high-tension current flows to the distributor wi t (4 
thence to magneto distributor (D). Here it is eed te me 
different spark plugs in order. It goes through the spark-plug 
center terminal across gap to shell of plug to cylinder, thence to 
mound pa to other ean at ay winding (note lower 

id Of Secondary is grounded to bus-bar (Z) which j 
with 6). The coil condenser is shown Ny ey tie ee 
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HIGH-TENSION MAGNETO 
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The outside wiring of the battery and coil system is shown in 


Battery position. 


Fig. 21, when the switch is on (B) side. (Note that points 3 
and 4 are not connected, thus opening the magneto circuit.) 
The primary current leaves the battery and travels to ground 
(G). As (6) is grounded, current goes to (6), thence to (2) and 
along (2) to the magneto; then to (1) on magneto along wire as 
indicated by arrows to the point (1) on switch plate (16). 
Here it travels through primary winding (PW) of coil then to 
(5) and back to battery, thus completing the primary circuit. 
ape secondary circuit is from (4) to distributor, thence to spark 
plugs. 


Note: When the switch is turned, the rear end of coil (Fig. 
16), with the bus-bars (Z) moves and connects with the inner 
side of switch plate (17). Therefore, when the switch is 
thrown on (B) side the point (1) on.switch-plate (17) lines up 
with point (1) (one of the bus-bars Z) on rear end of coil (Fig. 
16); likewise (2) and (5) line up with bus-bars on the end of 
coil. A study of Fig. 20 will help make this explanation clear. 


Magneto Position 


Note in Fig. 22 that the switch is now on (M) magneto side 
and there is but one closed circuit; it was made by connecting 
(3) and (4) on switch plate (16) with bus-bar (Z) on rear of coil. 
Note all other points of contact are open, including the mag- 
neto short-circuiting or grounding wire connected with (2). 


Fig. 22. Magneto position. 
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Parts of the Hisemann model ‘‘G4” high-tension magneto. 


The magneto primary circuit is then from primary winding 
(PW) of magneto armature, to magneto interrupter (M), thence 
to ground. The other end of the primary winding (PW) is 
grounded, thus completing the primary circuit. 


The magneto secondary circuit: One end of the secondary 
winding (SW) goes to (3) and (4) which are now connected with 
bus-bar (Z). From (4) it flows to distributor (D), thence to 
and through spark plugs. Here the current is grounded. The 
other end of the secondary winding (SW) is grounded, also by 
connection with primary wire, thus completing the high-tension 
circuit. Note the magneto condenser below the magneto 
interrupter. 


Fig. 23. 


The outside wiring of the magneto position is shown in Fig. 
23. Note points 1, 2, and 5 are not connected. 


Magneto position. 


The high-tension (secondary) current generated in the 
magneto armature leaves the magneto at (3), travels to (3) on 
switch-plate (16), thence to distributor wire (4), then to the 
distributor, where it is then distributed to spark plugs. 


Fig. 24. 


The off-position of the switch is shown in Fig. 24. Note in 
this position there is no complete circuit, as points 1, 5, and 4 
of switch-plate do not coincide with points 1, 5, and 4 of coil 
switch-plate. Note, too, that the primary circuit of the mag- 
neto is short-circuited, or grounded at (2) on switch-plate; 
thus it is out of service. The magneto secondary circuit is 
open from 3 to 4. 


Off position. 
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CURRENT TRAVELS 
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Bigs pbs Syinding of armature and connections. The primary winding leads from the upper part of the primary winding to 
(J), to points (P), to (17M), to (CB), to ground, to the lower end of the grounded primary winding. 


The secondary winding leads from the upper part of the secondary winding, to the distributor brush, to the spark plug, to 
ground, through the grounded primary winding, to the lower part of the secondary winding, where it is connected with the 


primary winding. 


The Eisemann “G4” type of high-tension arma- 
ture-type magneto differs from other Hisemann 
types in that the make-and-break or interrupter 
mechanism is constructed on different lines. The 
platinum contact springs (17M) (Fig. 5) connect 
with a carbon brush (CB), which revolves in a brass 
ring (A). Ring (A) is stationary, whereas the 
spring (17M) revolves with the other contact plate 
(J). Contact plate (J) is insulated from (17M). 
One end connects with primary winding on armature, 
and when contact is interrupted by (17M) and the 
point on the screw in plate (J), the spark is given as 
usual. Rings (A) and (17M) are grounded. 

The points of (17M) and the screw on plate (J) 
are separated by the timing device (Fig. 4) which 
goes over the ring (A). The contact spring rides 
over the fiber cams. 

The novel features of this system, besides the 
breaker, are: its accessible and efficient grouping 


of the working elements all at one end, and its 
waterproof qualities. 


To set the time of spark: Place piston of No. 1 
cylinder on top of compression stroke. Set inter- 
rupter points to break in full retarded position. 


With these systems it is merely necessary to 
bring No. 1 piston to top dead center, rotate the 
magneto until the setting mark on the distributor 
is opposite the pointed screw at the top and couple 
up the drive. Use marks (R) or (L) (Fig. 2) for 
right or left-hand rotation, respectively, as needed— 
rotation being judged from the driving end. 


Adjustments: The breaker gaps should be set 
012” and spark-plug gaps 1/64’ to 1/32”. 


To stop or cut off ignition: On all magnetos the 
magneto is stopped generating by closing or short- 
circuiting the primary circuit—not by opening the 
circuit, as in a coil system. 


EISEMANN AUTOMATIC SPARK-CONTROL MAGNETO 


Construction of the Hisemann high-tension arma- 
ture-type automatic spark-control magneto is the 
same as that of the standard high-tension magneto 
with the addition of the automatic mechanism. 


As for the details of the method by which the 
automatic timing is obtained, a cage is mounted on 
an extension of the armature shaft, and a rectangular 
block slides in this cage. This block is drilled and 
threaded for the reception of a helically-cut, shaft 
(T). This shaft is the driving shaft which is 
attached to the gearing. It has a thick, double 
thread which is square cut and the block slides 
back and forth on this threaded shaft. 


Centrifugal governor weights are attached to the 
blocks by means of links. The weights fly outward 
when the shaft is revolved, and the action of the 
links causes the block to slide in the cage. In so 
sliding it travels along the threaded shaft, and as a 
result the block is slightly rotated. 


The drive of the magneto is apphed through the 
shaft which therefore is unyielding, and as the block 
rotates it carries with it the cage in which it works and 
the armature shaft to which the cage is fixed. The 
armature is thus advanced, and the contact-breaker, 
attached to the other end of the armature shaft. 


When the speed drops, the reverse motion takes 
place, assisted by action of a spring against. which 
the governor works at all times. With this device 
automatic advance may be obtained from 18° to 57° 
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Fig. 6. Sectional view of Eisemann automatic spark-control 
magneto. 
A—terminal to spark plug from distributor; B—distributor 
brush; C—contact-breaker; D—condenser; E—distributor 
gear on distributor to lower gear on armature; F—collector 
brush; G—governor weights; H—high-tension current con- 
ductor; J—armature; K—collector spool at end of armature; 
M—magnets; S—safety spark gap; T—spiral thread for spark 
advancing by centrifugal force action, 


HIGH-TENSION MAGNETO 
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MEA MAGNETO 


In the ‘Mea’ high-tension armature-type mag- 
neto the design is such that the magneto field can be 
moved round simultaneously with the contact- 
breaker, so that the armature is always in the same 
position relative to the field when the break occurs. 
This is effected by having a bell-shaped magnet 
mounted horizontally, the axis of the armature and 
the magnet coinciding. As the contact-breaker is 
moved, so also is the magnet to a similar distance, 
and the result is that the spark is of ample strength 
at the retarded position, even allowing for the slow 
speed of rotation. This bell-shaped magnet (Fig. 
1C), it is claimed, has some other advantages over 
the ordinary U-shaped magnet, inasmuch as it can 
hold a greater amount of magnetism and retain it 
at full strength for a longer period. ‘The range of 
advance and retardation on this magneto 1s 40°. 
The armature and distributor are made practically 
on the lines of the standard magneto with fixed 
magnets. 


Fia. 1E. Retarded. 


Ries i. ) 
distributor units; 1B, complete machine; 


Parts ot Mea magneto: Cover: 1A, armature and 
1C, movable bell- 
shaped field magnets. The relative positions of the pole pieces 
and armature are shown in Figs. 1D and 1E. Note that 1D 
shows the armature advanced, and 1E in retarded position, 
showing that the ‘maximum position’? where the armature 
breaks from the pole piece is not altered. 


Timing the ‘““Mea” magneto: Unless the timing of 
the magneto can easily be changed by advancing or 


retarding the gear driving the magneto, the coupling 
should not be keyed to the tapered shaft before 
the magneto is first placed on the engine, but it 
should be clamped on so that the timing may still 
be somewhat modified if found desirable. 


Place the magneto in the position of its maximum 
retard (Fig. 1E), by turning the magneto housing 
or timing lever in the direction of the armature 
rotation. Remove the cover from the breaker box 
and turn the armature shaft in direction of rotation 
until No. 1 appears on the indicator (Fig. 1B) in 
the front plate of the magneto, and until the contact- 
breaker begins to open. 


With the dual-type magneto, remove the cover 
over the battery breaker (driven end of magneto), 
and the number of the cylinder firing can be seen 
opposite the red line on the magneto housing. 
Turn the armature of the magneto until No. 1 on 
the distributor gear is opposite the red line on the 
housing and until the magneto-breaker (not battery- 
breaker) just begins to open. Then turn the engine 
to dead center of cylinder No. 1, and if of the four- 
cylinder type, about 114” beyond, measuring on 
the circumference of the fly wheel, or from 1/16” to 
3/32’’ downward on the explosion stroke. With six- 
cylinder engines, it is preferable to time full retard 
only slightly beyond dead center. 


After the magneto and engine have thus been set, 
effect a positive connection between the two. Of 
course contact hole No. 1 of the distributor is con- 
nected with cylinder No. 1 by means of cables, and 
so on until all the cylinders are properly connected. 


With the “Mea,” the engine should be started 
with the spark fully retarded, and by increasing the 
speed gradually it can readily be determined if the 
engine will stand all the advance which the magneto 
can furnish with the original setting, or whether 
the whole timing can be further advanced. After 
it has become assured that the best timing is 
obtained, the coupling should be keyed to the mag- 
neto shaft. 


DIXIE MAGNETO! 


The large number of magnetos commercially in 
use prior to the advent of the “Dixie” were of the 
“armature type.” It is therefore necessary to 
make a comparison in order thoroughly to explain 
relaxey MID Soret” 


Armature-Type Magneto 


An “armature’-type magneto is shown in Figs. 
1, 2, and 3. Referring to Fig. 1, note that the 
magnetic lines-of-force, hereinafter referred to as 
“flux lines,” flow from the N to the S pole of the 
U-shaped magnet through the revolving armature 
in the direction indicated by the arrow. The 
shaded end (E) of the armature is shown in the 
figure as being under the influence of the N pole of 
the magnet. 


In Fig. 2, the armature has revolved to the right 
sufficiently for the end (E) to come under the influ- 
ence of the S pole of the magnet. Immediately the 
direction of the flux lines is reversed through the 
armature as shown by the arrow, and at the instant 
that current is generated in the winding about the 
armature, the spark occurs. In practice, more than 


1 Most of the text has been taken from the printed circular of 
the Dixie magneto. 


Fig, 1 


one winding is employed, also an interrupter and a 
condenser are used. But the function of these parts 
need not be referred to here, it being the purpose 
now to show only the differences in the operation 
of the magnetic circuit of the two types. 


Now it is obvious that the mass of iron in the 
armature must reverse its magnetic polarity. In 
Fig. 1, it is saturated with magnetism flowing in one 
direction. In Fig. 2, the direction is reversed. 
This reversal must take place in each rotation, so at 
high speeds the quicker the iron reverses the better 
the spark. As a laminated armature, or one built 
up of a number of pieces of iron, reverses quicker 
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than a solid one, all good armatures are laminated. 
But it is also evident that to secure the desired 
amount of current the armature must be of a certain 
size to contain the necessary wire, and therefore con- 
tains a certain amount of iron in some form. N. ow, 
the more iron beyond a certain limit, the slower 
the reversal; also the reversal is not as abrupt. 
4 
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Fig. 3 


Fig. 3 shows the “neutral” position of the arma- 
ture wherein it is subject to flux-flowing across 
through its ends as shown. This position does not 
permit of an abrupt change of flux-flow as hereafter 
described, and such as occurs in the Dixie. The 
armature is never completely out of the flux, but 
simply turns around in the flux-stream, twisting 
the lines about, but not actually abruptly breaking 
them. 


Dixie Principle 


The “Mason” principle, on which the Dixie 
operates is shown in Fig. 4. The magnet has two 
rotating polar extremities (N) (S), which are always 
of the same polarity, never reversing. These poles 
are in practical contact with the inner cheeks of 
the permanent magnet (M), all air gaps being 
eliminated. Together with the U-shaped magnet, 
they form a magnet with rotating ends. 


Fig. 5 


The magnet is positioned at right angles to the 
rotating poles or ends of a field structure consisting 
of laminated pole-pieces (F) and (G) (Fig. 5), 
carrying across their top the laminated core (C) ear- 
rying the windings (W). When (N) is opposite (G) 
the flux flows from one pole (N) of the magnet to 
(G) and through the core (C) to (F), this action 
corresponding to what happens in the armature 
type We the armature in the position shown in 

ovens ; 


In Fig. 6, the pole (N) has moved over to (F) 
and the direction of the flow of flux is reversed, it 
now flowing from (F) through (C) to (G). 


Vig. 7 represents the rotating poles occupying a 
position midway between that shown in Figs. 5 and 
6. Here the field pieces (F) and (G) are magneti- 
cally short-circuited, as it were, thereby completely 
scavenging stray lines of flux out of the core (C), 
Compare this with the uncertain corresponding 
action that takes place in the armature type, when 
the armature is in the same position (Fig. 3). 
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Fig. 6 Fig. 7 


Now the first great difference between the Dixie 
and the “armature” type is in the fact that the 
rotating poles in the Dixie do not reverse their 
polarity at any time, consequently the lag due to 
the magnetic reluctance in this part is eliminated. 
This partly accounts for the high efficiency of the 
Dixie at low speeds, for motorcycles and for high- 
speed engines. In the Dixie, the Windings are 
never actually in the field. The flux is shot through 
them, as described, producing a hot, “snappy” 


spark of peculiar and highly efficient igniting power, 
owing to the quick break and absolute reversal of 
the flux at each revolution. 


i 
a 
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Fig. 8. Armature-type magneto armature, 


With the armature-type machine, it is the central 
core or part actually enclosed by the winding that 
is laminated, as the ends adjacent the Windings must 
be solid. In the Dixie type, not only the core (C), 
around which the wire is wound, is laminated, but 
also the pole shoes (G) and (F), consequently all 
parts of the magneto subject to reversal of flux are 
“laminated.” 


.. The armature-type magneto (Fig. 8) has a rotat- 
ing element carrying windings, a laminated core, a 
condenser, a collector ring, ete. 


Fig. 10. Showing how the rotating poles (Fig. 9) are placed 
between magnets of Dixie magneto 
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_ The Dixie rotating element, or armature construc- 
tion, consists of two pieces of cast iron (N and 8) 
(Fig. 9), and a brass block (B) placed between them. 
There are no rotating wires. Figs. 10 and 4 show 
more clearly how they are positioned between the 
poles of the magnets. On the four and six-cylinder 
magneto, there are two N and S poles and on the 
eight and twelve-cylinder magneto there are four. 


_ The generating winding (W) (Fig. 4) in the Dixie 
is carried on a small coil placed across the upwardly 
projecting ends of the two pole-pieces (C) (Fig. 4). 


Comparison of Primary Circuits 


Fig. 8 shows the usual primary circuit in the 
armature-type machine, and Fig. 11 the same circuit 
in the Dixie. (A) (Fig. 8) denotes the revolving 
armature on which is wound the primary winding 
(P) and the secondary (S). Grounding brushes (B) 
and (BB) are necessary to insure a good contact 
between the grounded end (G) of the primary and 
the breaker point (X), the latter being positioned in 
the breaker mechanism which is movable for timing 
purposes. It will be seen that the free end (W) of 
the primary connects to the condenser (R), and 
attention is called to the fact that this condenser is 
built into the armature and revolves with it, and 
the armature must be disassembled to get it out. 
The shaft (S) is made hollow, and a bolt (C) is 
carefully insulated where it passes through. This 
bolt connects the free end of the primary and the 
condenser to the insulated point (Y) of the breaker 
which revolves as a unit with the armature. 


Fig. 11. No brushes or 


Simple primary circuit of Dixie, 
contacts except breaker points. 


In the Dixie, the core of the coil (A) (Fig. 11) is 
stationary, and the inner end (G) of the primary 
winding (P) is grounded on the core. (Q) indicates 
the metal frame of the machine, which is put to- 
gether with screws, so that there are no brushes or 
sliding contacts. Therefore brushes (B) (BB) (Fig. 
8) are eliminated. A 


The brush (B) is necessary in the armature type 
to insure a good circuit from the revolving armature 
to the frame of the magneto and thence to the engine. 


The condenser (R) in the Dixie is positioned 
immediately above the coil and is readily removable, 
it being only necessary to take out two screws. 
This condenser does not revolve as in the armature 
type. The terminal (D) is a screw on the head of 
the coil, and the wire (Z) connects to the contact 
(Y) of the breaker. 


High-Tension Circuit 


Fig. 12 shows the high-tension circuit in the 
armature-type machine. In the metal armature 
head (A) is the insulating bushing (B), through 
which the free end (C) of the high-tension winding 
passes. ‘This connects to a metal ring (D) carried 
on the rubber spool (E). A brush (F) engages 
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Fig. 12. High-tension circuit in an ‘‘armature-type’’ mag- 
neto. 


the ring and carries current to the terminal (G), 
which in turn supports one end of connector (H), 
which has a sliding portion (I), so that it can be 
removed. The outer end of (H) connects at (J) to 
the traveling contact of the distributor, which in 
turn contacts on the segment (L), to which is con- 
nected the spark-plug cable. It will be understood 
that the high-tension circuit is completed from the 
frame of the armature (N) through brush (B) to 
the frame of the magneto and to the engine and 
spark plug. 


oa 
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_ Fig. 13. High-tension circuit of Dixie magneto. Note 
direct path from spool to distributor; no revolving contacts 
except at distributor. 


Fig. 13 shows the Dixie high-tension circuit. 
Here the end (C) of the high-tension winding goes to 
a metal plate (D) carried on the rubber side (A) of 
the coil. Against (D) bears a connection (F), 
which is practically one piece with the traveling 
contact (J), which connects to the spark-plug seg- 
ment (L), the circuit being completed through the 
spark plug, engine frame, and frame of magneto in 
the usual manner without brush (G). The first 
difference to be noted in the Dixie construction is 
that the secondary winding being stationary, the 
spool (E), the revolving ring (D) and the brush (F) 
bearing thereon are entirely eliminated, as are also 
all their troubles, such as punctured insulation in 
the spool (E), wear of the brush (F), collection of 
oil on (D), ete. And the sliding connection (I) and 
member (H) are eliminated, their equivalent being 
a steel point (F) turning in contact with the plate 
(D). 

Safety Gap 


An efficient safety-gap arrangement is provided 
by the point (S) arranged in proximity to the frame- 
work indicated at (G), (Fig. 13). The width of 
gap should be 5/16” to 3g”. For high-compression 
engines set 34’. Under high compression, the 
sparks may fire across the safety gap instead of 
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firing in the engine. Missing under such conditions 
can easily be remedied by opening the safety gap so 
that it will offer a greater resistance to the secondary 
current than the spark-plug gap, under compression. 
Sparks should not be permitted to discharge across 
the safety gap for any length of time. 


Dixie Contact-Breaker or Interrupter 


Contacts are stationary and do not revolve as in 
the “armature” type. See Fig. 14 and compare it 
with the armature type (Figs. 1 and 2, pages 256, 257). 


NOTHING 
REVOLES 


Fig. 14. Breaker (or interrupter) of Dixie magneto. A cam 
(Fig. 15) opens the points by raising the end of the arm. The 
cam is the only part of the breaker mechanism which revolves. 
Cam is not shown. z 


To adjust Dixie interrupter points (XY): This 
can be done while the magneto is running and the 
intensity of the spark can be seen while adjusting. 
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Fig. 15. Shows breaker and housing of the Dixie which, 
when retarded or advanced, moves the coil structure with 
which it is attached, giving the same intensity of spark at full 
advance or retard, 


““Armature’’-Type of Magneto Timing 


The advance and retard of a magneto is necessary 
to make up for the “lag” in engine operation as 
well as variation of speed, fuel, ete. 


Setting an “armature”-type magneto armature to 
the time of break of interrupter points is usually 
accomplished by measuring the distance (X) (Fig. 
2, page 271) between one of the pole pieces and 
the adjacent edge of the armature. The breaker is 
then adjusted so that the points are just separating. 
This is taken as the advanced position of the mag- 
neto, and with this setting the maximum spark is 
obtained, 


Timing an “armature”-type armature with 
engine: The usual practice is to place the piston 
on top dead center of compression stroke with the 
breaker box fully retarded and with points just 
opening. This of course increases the width of 
eet (X) (Fig. 2) witha corresponding weaken- 
ing of the spark. To advance the spark, the breaker 
box is moved so that the points open sooner in 
relation to the piston, thereby obtaining the best 

spark when running. 


It is clear that the spark will be weak at retard 
position, because gap (X) is wide. Consequently 
the sudden surge of the flux line through the arma- 
ture has already passed its maximum. 


It has therefore been customary with some arma- 
ture-type magneto manufacturers to use a com- 
promise setting for the breaker in which the maxi- 
mum efficiency of the machine is not utilized at full 
advance setting on the engine. This compromise 
setting permits a mechanical advance in such mag- 
netos of approximately 30°, but it is doubtful if in 
many of these machines the effective range exceeds 
12° or 15°, as the maximum spark of the magneto is 
never utilized. 

Dixie Timing 

The advance and retard of the Dixie magneto is 
obtained by shifting the breaker box. _But note in 
Fig. 15 that it is attached to the “coil structure 
(C-F-G, Figs. 4 to 7). Therefore the breaker hous- 
ing and coil structure are all advanced or retarded 
at the same time. An absolute advance of 30° or 
more is obtained by simply rotating the coil-carrying 
structure to which the breaker box is attached, 
around the axis of the rotating poles N, S (Figs. 4 
to 7 and 15). 


Setting Dixie armature or “rotor” to breaker 
points: The distance (X) (Fig. 2, page 271) (arma- 
ture-type illustration used to explain Dixie) _is 
usually .020’, just as points are breaking. The 
maximum rate of change of flux occurs in this posi- 
tion of rotor (X, Fig. 2), where the rotor wings have 
just reversed the direction of the flux through the 
core. 
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Fig. 16 


Fig. 16. <A simple method of synchronizing the position of 
the rotor with the time of opening of breaker points, is explained 
below, and as shown in Fig. 16, Contact points should separate 
-020’” when opened by cam, 


If a buzzer is connected as shown, it will be in circuit with 
the contact-breaker points. While the contact points are 
closed, the buzzer will operate. Turn the armature slowly 
(direction of rotation) until the instant when the buzzer ceases. 
Just at this time the distance between the ‘‘rotor’’ and the “pole 
piece’ should be .020”. The spark-plug gap is set at .025”. 


Fig. 17. The breaker housing is adjustable. Being screwed 
to coil-carrying structure, it can be moved in the same direction 
as the cam operates—if rotor gap is too small. If too large, 
oe S the opposite direction (to adjust for wear of fiber bum- 
per also). 


Fig. 18. Correct position of distributor brush in contact 
with segment (A) when breaker is fully advanced. Correct 
position prevents back-firing and tail-burning of distributor 
segment, 


To facilitate this setting of the relation between 
the rotor and separation of contact points, a buzzer 
can be used, as shown in Fig. 16. The most effec- 
tive distance for (X) is never varied on the Dixie. 


To position breaker or interrupter box so that 
points open at desired point: Note that the breaker 
hausing (Fig. 17) can be moved by means of set 
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screws around the cam, so that the break can be 
made to occur without interfering with the adjust- 
ment of the points. 


To time the Dixie magneto to the engine: (1) 
place piston on top of compression stroke; (2) 
uncouple magneto; (3) place breaker in retarded 
position; (4) rotate driving shaft of magneto in 
direction it is driven until platinum points are 
about to separate; (5) couple magneto; (6) con- 
nect distmbutor terminals as explained on page 294. 


This timing is for the four and eight-cylinder 
magnetos, and also one and two twin-cylinder 
motorcycle type (M1 and M2); also Dixie models 
1i and 21. 


On the eight-cylinder, the distributor brush (A2, 
Fig. 20) should be in contact with No. 1 terminal of 
distributor block (see Figs. 22 and 23). 


To time six-cylinder, model ‘60’’ magneto, place 
piston 1/16” ahead of the end of the compression 
stroke with timing lever in full retarded position 
and breaker points just separating. The distributor 
terminal is connected with No. 1 plug terminal. 


To time twelve-cylinder, model “120” magneto, 
place the piston 3/16” ahead of the end of the com- 
pression stroke. With the breaker or timing lever 
retarded, turn the magneto drive shaft in the direc- 
tion of rotation until carbon brush is in contact with 
the segment connected with terminal No. 1 of dis- 
tributor block (Figs. 21, 24, and 25). When the 
points are about to separate, couple the magneto. 
See under Figs. 24 and 25 for distributor connections. 


Cams on four and six-cylinder interrupters have 
2, lobes; on eight and twelve-cylinder interrupters, 
4 lobes. 


Dixie Eight-Cylinder Distributor 


Four sparks are produced during each revolution 
of the drive shaft, at the instant of the “break” from 
the edge of the field structyre. There are four 
rotating poles to the eight and twelve-cylinder 
magneto. On the four and six-cylinder magneto 
there are two. 


The magneto is driven at crank-shaft speed, 
because an eight-cylinder magneto four-cycle 
engine fires four cylinders per revolution. This 
eight-cylinder magneto generates four sparks per 
revolution. As the firing of the cylinders takes 
place at cam-shaft speed, the distributor is geared 
down two to one of the armature shaft. 


OUTER ROW 
INNER ROW. 


Fig. 19. Note there are two rows 


of segments. 


8-cylinder distributor. 


Distributor: On the four and six-cylinder mag- 
neto the segments are placed in one row, the proper 
distance apart. On the eight-cylinder magneto 


there are two four-cylinder distributors (Fig. 19), 
placed side by side, but moulded together, and 
having a double “finger” or rotor (Fig. 20). Con- 


tacts are so arranged that one segment in each row 
is alternately in contact. 


N 


The rotor is hard rubber. 
AQ 
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Fig. 20. The “rotor” of the 8-cylinder distributor (also for 
the 12-cylinder). 


The high-tension current is collected by brush 
(C) (Fig. 20), which is in contact with the high- 
tension winding (see Fig. 13, page 273), and con- 
ducted through the center of the “finger” or rotor, to 
brush (D), thence by means of a metal sector (S) 
(Fig. 19), moulded in the hard rubber block. The 
current is conducted to either of two sets of brushes 
(Al, A2, B1, B2, Fig. 20) in the wings of the distribu- 
tor rotor. 


These brushes, arranged in sets, become alive 
alternately at the moment when they are actually 
in contact with a segment in either of the two rows 
of four segments in the block, making it impossible 
for the spark to jump to the wrong segment, as in 
this manner a spark received at any post in the 
inner row of the block will be followed by a spark 
from a post in the outer row, but 180° away. 


Dixie Twelve-Cylinder Distributor 


Four sparks are produced with each revolution 
of the drive shaft of the magneto. There are four 
rotating poles, the same as on the eight-cylinder. 


Six cylinders must be fired with each revolution of 
the crank shaft. Therefore the magneto will turn 
11% revolutions to 1 of the crank shaft. The dis- 
tributor is geared 3 to 1 of the armature shaft. 


INNER ROW. 


f ouTeR ROW 


E INNER ROW 


See also Figs. 32, 33, 34, 


12-cylinder distributor. 


Fig. 21. 
page 278. 


The distributor consists of two six-cylinder dis- 
tributors moulded together as in Fig. 21. Note 
sector (S) in Fig. 21, how it differs from the eight- 
cylinder sector (S), (Fig. 19). 


The “rotor” of the twelve is similar in construc- 
tion, as in Fig. 20. 


Fig. 22. Right-hand rotation. Fig. 23. Left-hand rotation. 


Figs. 22 and 23 show order of sparks delivered by eight- 
cylinder distributor. 


Figs. 24 and 25 show order of sparks of twelve-cylinder dis- 
tributor. 


Parts of the Dixie Magneto 


_To replace parts on the Dixie: First remove the 
distributor plate carrying contacts. Then pull out 
the travelling contact and all its insulation. 'This 
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Fig. 24. Right-handrotation. Fig. 25. Left-hand rotation. 
Terminals on 24 and 25 are marked 1R-12R for right-hand 
rotation and 1L-12L for magnetos left-hand rotation. 


Therefore, the right-hand rotation connects the cable from 
terminal 1R to spark plug No. 1 cylinder; cable from 2R to 
spark plug next in sequence of firing, and so on. 


leaves the coil and metal plate—and, if the spark 
does not jump the safety gap, a new coil may be put 
in in a few minutes. 


For timing the Dixie magneto, see page 274. 


13 


Fig. 26. Side view of parts of Dixie Magneto (4-cylinder), 
1. Condenser. 12. 8 dw: £ i 
! «. Screw and washer for fastening con- 19. Back plate 
2, Magnet. denser and primary lead to winding, 20. Oil , 
3. Gap protector. 13. Serew and washer for fastening pri- > usbole:cenen| banks 
4. Oil hole cover, front. mary-lead tube clamp. 21. Grounding clip. 
5. Screw for distributor block. 14. Primary-lead tube. 22. Screw and .washer for fastening 
8. Hexagonal nut for grounding stud, 15. Primary-lead tube clamp. grounding clip to winding. 
9. Thumb nut for grounding stud, 16. eoevaand flees io fastening 23. Winding. 
Fi grounding ¢ t F 
3 Grounding sid. tana & zi oO ag a 24. Screw and washer for fastening 
- Screw and washer for fastening . or armature shaft, winding to pole structure (Fig. 31). 


breaker. 18. Woodruff key. 
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To Oil Dixie Magneto 


After 200 hours of operation put oil at the point 
marked “OIL.” 


io <% 


&ntorrupter-— 7) EZ 


After every 20 hours of operation put two drops 


LEADS To 
SPARK 


_PLucs at (A). 
After every 20 hours of operation put four drops 
at (B). 
Fig. 28 : Fig ne 


Fig 27. External wiring for an eight-cylinder engine. 


Fig. 28. Internal wiring for an eight-cylinder engine. See f 
Figs. 11 and 13, which will assist in making this diagram clear. to which the condenser and coil winding attach to its upper 
Note that (CW) in Fig. 28 is the coil winding and connections. part. See (24) and (16) in Fig. 26, showing how connections 


Above it is the internal wiring as an explanation. are made to it. 


Fig. 30. Pole structure in which rotating poles revolve and 
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Fig. 31._ Front view of parts of Dixie Magneto (4 cylinder). 


. Distributor gear. / 6. Contact screw bracket with insula- 10. Cam.’ 
Distabutor dice tion bushings. 11. Distributor block. 
. Finger spring for breaker bar. 7. Platinum contact screw. 12. Thumb nut for distributor block. 
Cam ‘screw. 8. Breaker-box cover. 13. Breaker advance and retard lever. 
. Bronker bar with platinum point. 9. Grounding stud or terminal post. 14. Breaker bar spring. 


Or CODD 
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Fig. 32 

ie) an 5 Fig. 34. Front view of Dixie model ‘'120” 12-cylinder mag- 

Fig. 32. Rotating poles on the Dixie model “120” for 8 ang meter Note the distributor to the left and the distributor rotor 

12-cylinder engines. Note that there are four rotating poles, and gear which is placed behind it and which drives the distrib- 

On the 4 and’6-cylinder there are two. utor rotor and which is driven from a gear on a rotating pole 

shaft. Note that the distributor rotor is arranged differently 
from (2) in Fig. 31, a 4-cylinder rotor. 


Fig. 33 


Fig. 33. Showing method of raising or lowering the plati- 
num point screw in (7) Fig. 31. The usual distance to set these 
points is .020” or 1/50’. This adjustment can be made with a 
screwdriver. The spark-plug gap is set .025’. 


Note. The contact breaker box is permanently attached to 
the pole structure or part (Fig. 30), which carries the coil and Fig. 35. Rear view of magneto. Note that by taking out 
condenser. When moving the breaker to retard or advance, four screws, the winding coil (23) and condenser (1) (Fig. 26) 
all the parts (Fig. 26) 1, 3, 24, 22, 21, 16, 15, 14, 13, 12 move can be removed. The magnets (2) (Fig. 26) are exposed and 
with it (also shown in Fig. 15, page 274). removed when taking off the cover. 


REMY HIGH-TENSION MAGNETO “SERIES 1500” 


This magneto is a double-wound high-tension DISTRIBUTOR AND 
“armature-type” of magneto. The design of this ~_— 
magneto has been towards accessibility. BREAKER 


The circuit breaker, cam, and distributor rotor 
are mounted on a vertical shaft driven by hardened 
spiral gears which run in grease. 


The circuit breaker and distributor parts form a 
complete and independent assembly which may be 
removed from the magneto by simply loosening one 
screw. 


The circuit diagram(Fig. 2)shows clearly how short 
and direct both primary and secondary circuits are, 
and how accessible are all parts of these circuits. 


The inner end of the primary winding is grounded 


: . KE 
to the core (G2) and from this point the current flows ui 
through the primary wire to a collector ring which is : 
of copper and insulated from the armature head. = 4 Beane aioe 
pete it is picked up by a brush (B) carried by means Fig. 1. Side view of the Remy “Series 1500” hieh-tensi 
of a copper pig-tail to the primary brush-holder magneto, aes 
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Fig. 2. Wiring diagram of the Remy ‘‘series 1500” high- 
tension magneto. 


terminal, from which it passes through an insulated 
cable to the circuit breaker, condenser, and ground 
(G) and (G1) to ground (G2) on the magneto arma- 
ture core. 


Ground brush: Immediately under the primary 
brush holder is a brass plate grounded to the mag- 
neto frame, to which is connected a collector or 
“ground brush’ which makes contact with the 
bronze head of the armature and by means of which 
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the ground circuit is more fully completed, as, for 
instance, oily or gummed bearings would prevent good 
contact, hence the reason for using a ground brush. 


The secondary or high-tension circuit is from 
grounded end (N), through the secondary winding, 
which consists of a& great many turns of very fine 
copper wire, to the high-tension collector ring. This 
collector ring is bronze moulded between two flanges 
of hard rubber and the current is picked up from 
this ring by a carbon brush in the high-tension 
brush holder, 


From the brush holder the current goes direct 
through a heavily insulated cable to the center 
terminal on the distributor cap. From here it is 
distributed by the rotor under the cap by means of a 
wipe contact to the segments. The distributor cap 
is of molded material with a hard-rubber track over 
which the distributor brush travels. From the dis- 
tributor, the secondary current goes to the spark 
plug, to ground, to ground (G2) on the armature, to 
(N) where the secondary connects with the primary, 
thus completing the circuit. 


fene drive gear is fitted to a taper on the armature 
shaft. 


Interrupter-gap clearance: Contact points on 
the interrupter should have a maximum opening of 
5020Aton.025/2 


Spark-plug gap: The spark-plug gap clearance 
should be .030”. Z 


Safety gap: The safety-gap clearance should be 
slightly more than the spark-plug gap clearance. 


The safety gap on this magneto is formed between the end 
of the pointed screw which projects from the magneto housing 
and the high-tension collector ring. When this screw is in 
place and properly tightened, the safety gap will automatically 
be adjusted to the proper distance which is 7 m.m. or .275,’’ 


THE K-W MAGNETOS 


The K. W. magneto is of an “inductor” type, the 
principle of which is explained on page 246, and 
below. Unlike other magnetos, it generates four 
impulses per revolution instead of two, as explained 
on page 246. The K. W. magneto is used exten- 
sively on truck, tractor, marine, and stationary 
engines. The K. W. magnetos are made with two 
windings for high-tension work (A), and with a 
single winding for low-tension work (J). They 
both generate and deliver alternating current. 


K.W. High-Tension Magneto 


The K. W. magneto differs from other magnetos 
in many ways, and possibly the clearest information 
that can be given, is to assist in a careful study of 
the diagrams and accompanying explanation. 


Diagram “A” shows a longitudinal sectional 

- elevation of the model “HK” high-tension magneto. 

By referring to the numbers in the following de- 

scription, a clear idea may be obtained of the function 
of the various parts. 


Diagram ‘“B’ shows the rotor (which is the 
only revolving part in the K. W. magneto) and the 
complete assembled winding. The rotor is made 
up of soft Norway sheet-iron stampings, which 
are riveted together and very accurately machined, 
as these rotor blocks, which run on high-grade 
annular ball bearings, have only .003”’ space between 
their face and the face of the pole-pieces. The rotor 
blocks are made in two halves and are held on the 
shaft by a taper pin, and are mounted at right 
angles to each other. 

In mounting the winding between these rotor 
blocks, the pin is taken out of one half, and the rotor 


block is withdrawn from the shaft to allow the wind- 
ing to be placed in the center. 
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Diagram A, showing sectional view of the K. W. high-tension 
magneto, model “HK.” 


98 Distributor brush holder. 
100 High-tension lead. 
113 Secondary winding. 
114 Primary winding. 
118 Safety spark gap. 
119 Secondary distributor 
brush. 
120 Secondary contact plun- 


1 Bridge or spider. 

2 Distributor gear. 
10 Base. 
14 Low-tension bus bar. 
24 Dust cap or cover. 
29 Retainer spring. 
56 Switch binding post. 
64 Driving pinion. 


67 Cam. ger. 
69 Rocker-arm roller shaft. 126 Condenser. 
73 Magnets. 180 Rotor, 


79 Plunger for primary circuit. 186 High-tension bus bar. 


96 Distributor block, 
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Diagram B, showing the stationary secondary and primary 
winding (113 and 114) (asin Diagram A) mounted between the 
rotors (180) which revolve. 


The winding: Complete assembled winding (dia- 
gram C) consists of a primary winding of heavy 
copper wire and a secondary winding (see also dia- 
gram A) ,which is made up of a great number of 
turns of very fine wire, these coils being wound 
circular in shape, assuring the largest number of 
turns with the least length of wire, which makes the 
most efficient type of coil. 


Diagram C, showing the windings (113 and 114) (asin Dia- 
gram A) and also shown in (B). 


_These windings are given an impregnation of 
high-grade insulating compound by the vacuum 
process, and the secondary winding is given 27 
separate coats of varnish, each one being baked 
twenty-four hours, which thoroughly insulates it 
from the primary winding and also assures it being 
as near water and oil proof as it is possible to make 
any high-tension coil. These windings are assem- 
bled with the secondary outside of the primary, 
and then enclosed in a brass housing with a hard 
rubber plug, through which the high-voltage second- 
ary 1s carried through parts 186 and 100 to the 
distributor brush of the magneto. 
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The condenser, No. 126, in diagram A, is made 
up of a number of alternating sheets of tinfoil and 
mica, every other sheet of tinfoil being connected 
together, which makes two series of tinfoil layers 
separated from each other by sheet mica. Each 
sheet of mica is tested separately, before being used, 
with 5,000 volts for breakdown and after it is 
assembled, it is given a test of five to six times the 
normal working voltage to which iv is subjected, 
assuring reliability under adverse conditions. 


The safety gap, No. 118, diagram A, is a necessary 
part of any high-tension magneto, its object being 
to form a path for the high-tension current to Jump 
across in case a secondary cable, that leads to the 
spark plugs, should be off when the engine is running. 
This safety gap, as its name implies, prevents the 
winding from burning out, for as long as there 1s a 
path for the high-tension current to pass through, 
it will never puncture the insulation of the secondary 
winding. 

The magnetic field of the magneto is composed of 
four horseshoe magnets, No. 73, shown in diagram 
A, which are mounted on two cast-iron pole-pieces, 
spaced 90° apart. The rotor, No. 180, revolves 
within this magnetic field, and as the rotor blocks 
are spaced 90° apart, they create four current 
waves for each revolution of the magneto shaft. 


When the rotor is revolved within this magnetic 
field, the magnetic lines-of-force are caused to 
alternate through the center of the rotor, producing 
an electric current in the primary winding, which is 
carried up through part No. 14 to bridge No. 1, then 
through spring No. 29 to the circuit-breaker cap, 
and through the contact points in the circuit breaker 
back to the other side of the winding, completing 
the circuit. 


When the current has reached its highest point, 
the circuit-breaker points are open, and the change 
of the magnetic flux causes a high voltage to be set 
up in the fine wire secondary winding. This induc- 
tion is assisted by the condenser, which is connected 
across the circuit-breaker points, absorbing the 
spark which would occur if the condenser were not 
in circuit, and also assisting by the discharge which 
takes place immediately after it is loaded. 


The high-tension current is carried up through 
the hard rubber plug to the bus bar, No. 186, then 
through lead No. 100 to the distributing brush, 
which distributes it to the different segments on 
the distributor block, these segments being con- 
nected by high-tension cables to the different spark 
plugs on the engine. 


The distributor block is made of hard rubber into 
which are molded brass segments, one for each 
eylinder. The distributor brush holder which turns 
with the gear of the magneto is also molded of hard 
rubber and carries a carbon brush, which bears 
lightly on these segments as it passes, and the mag- 
neto 1s timed so that the circuit-breaker points open 
and the high-tension current is generated just at 
the instant this brush goes to the segment. 


The K.W. Circuit Breaker 


The entire circuit breaker is removable. Release 
spring No. 29 by pushing it aside. Pull out com- 
plete breaker box and remove cover nut No. 79. 
This allows removal of the circuit-breaker cap and 
gives access to the breaker parts. The same type 
of circuit breaker is used on all K. W. high-tension 
magnetos, and is shown by diagram D. It is 
ee to have 30° of advance or retard for regular 
work, 


HIGH-TENSION MAGNETO 


Diagram D, showing the circuit-breaker (also termed contact- 
breaker). 


_When the points fail to separate, or when the 
distance is too far apart, adjust part 194 with a 
small screwdriver inserted through the hole for that 
purpose in the housing. The proper distance apart 
is 1/64”. A gauge is sent with every magneto. 
Spark plug 1/64”. 


The firing point of the magneto is just when the 
points are beginning to open or break the circuit, 
not when they touch. 


To Open Distributor 


Remove the high-tension lead No. 100, by turn- 
ing it to the right, which releases it at the bottom. 
Unscrew nut at top of spider, and remove the bridge 
or spider No. 1, thus releasing the cap on the dis- 
tributor block and giving a view of the distributor 
and brush No. 119. 


Impulse Starter 


Diagram E shows the impulse starter as applied _ 


to the model “HK” magneto, and diagram F shows 
a sectional view of the impulse starter only. 


The impulse starter consists of two separate mem- 
bers, one of which is called the ratchet, and one the 
starter case. The ratchet is fastened directly to 
the rotor shaft of the magneto, and the case connects 


Diagram E, showing impulse starter mounted on the K. W, 
high-tension magneto. 


to the coupling, which is fastened to the shaft that 
drives the magneto. Interposed between these two 
members is a clock spring which performs the func- 
tion of driving the rotor when the starting mechan- 
ism is used. 


When the engine is to be started, the ratchet 
catch lock (ST-14) is pressed down, which allows 
the ratchet catch (ST-13) to engage with a notch 
on ratchet (ST-6). Thus while the starter case 
(ST-2) is turned by the drive shaft, the ratchet 
(ST-6) remains stationary and the spring inside of 
the case is wound up. After the case (ST-2) has 
turned 80°, trip cam (ST-11) comes up into such a 
position as to disengage ratchet catch (ST-13). 
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Diagram F, showing parts of the impulse starter. 


As soon as the ratchet is released, it is thrown 
forward to its original position relative to the 
starter case (ST-2). In doing this, it carries the 
rotor of the magneto with it, and as the circuit- 
breaker points open during this period, an intensely 
hot spark is produced at the proper moment, regard- 
less of how slowly the engine is turned over, 


The starter continues to operate until a pre- 
determined speed has been reached, when the 
ratchet catch is thrown up and latched, and the mag- 
neto is driven direct. The speed at which the 
starter throws out of engagement is determined by 
the tension of the cushion spring on the hook dog. 


To Time Magneto to the Engine 


First, Turn over crank shaft of engine, placing 
No. 1 cylinder from 3° to 5° past top dead center on 
firing stroke. 


Second, Mount the magneto and turn the impulse 
starter case until it is just ready to disengage the 
ratchet catch. In this position couple it securely 
to the drive shaft of the engine. 


Diagram G, showing K. W. high-tension magneto, model 
opK.” 


Diagram G shows K. W. high-tension magneto, 
known as model ‘“TK,’’ while diagram H shows a 
cross-sectional view of this magneto. It will be 
noted that the principle of the model “HK” and 
“TK” magnetos is exactly the same, the only dif- 
ference being in the size of the magnetos and their 
appearance. The same principles of design and 
construction, are employed in both. Model “TK,” 
however, has flat magnets. 


Both magnetos are of the inductor-type con- 
struction, having a stationary winding and revolving 
rotor. This does away with all moving wires, 
collector rings, special contacts, etc., and is con- 
sidered by the manufacturers the simplest form of 
construction. 
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Diagram H, showing sectional view of model “TK”’ high- 
tension magneto, 


K.W. Low-Tension Magneto 


These generators are made for ignition, using a 
vibrating spark coil and low-tension timer, and are 
made in several models, for either friction or belt 
drive. 

They are also made for tractor and motor-boat 
electric-lighting systems, feeding the current direct 
to the lamps. These generators will not charge 
a storage battery, as they produce alternating 
current. 

Internal Construction 


Diagram I shows the internal construction and 
extreme simplicity of the K.W. low-tension magneto, 
designed somewhat similar to the K. W. high-tension 
magneto, except that there is but one winding: the 
primary. ‘This magneto is also termed an inductor 
type, designed on entirely different principles from 
other makes of magnetos, and patented by the makers. 
Instead of having wires wound longitudinally around 
a revolving armature, it has a stationary spiral wind- 
ing of copper ribbon, as is shown in the center of dia- 
gram J and also in diagram I, which is a view of the 
inside of a low-tension magneto. The rotor changes 
the direction of magnetic flux through the winding, 
four times per revolution, and thus produces the 
electric current. This rotor revolves in two sets of 
high-grade ball bearings, and does not rub against 
or touch any other part on the entire magneto, as 
all other parts stand still. 
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Diagram I, showing bottom view of the K. W. low-tension 
magneto and also showing rotor and primary winding. 


Diagram J, showing rotor and stationary winding with a 
single primary winding of the K. W. low-tension magneto. 


The terminals of the winding extend through the 
top of the pole pieces in which the rotor revolves, 
and are securely connected to the winding posts, 
which are located at the end of the magneto. 


The electrical part is housed in a case, making 
the magneto practically waterproof. It will stand 
any amount of spray or rain. 


All models of K. W. lighting magnetos or genera- 
tors, in addition to having a special winding suitable 
for lights, are so constructed and designed that 
the voltage can never exceed that actuaily required, 
regardless of speed. This takes care of various 
engine speeds, and entirely eliminates the use of 
automatic cutouts or other regulating devices. 


The manufacturers of K.W. magnetos are the 
Kk. W. Ignition Co., Cleveland, Ohio. 


REMARKS RELATIVE TO THE DIFFERENT MAGNETOS 


If the reader will master the purpose and principle 
of the following, it will then be easy to analyze any 
system of ignition he may come across. For 
instance, learn the difference between: low-tension 
coils; high-tension coils; low-tension magnetos; 
high-tension magnetos. 


Other details to classify would be: the difference 
between the ignition commutator, timer and inter- 
rupter, and sources of electric supply, as direct-cur- 
rent chemical generators (dry cells and storage 
batteries); direct-current, mechanical generators 
(dynamos); alternating-current, mechanical genera- 
tors (magnetos); methods for distributing the 
secondary current to the spark plugs, by a distrib- 
utor as used on a magneto, or by an ignition com- 
mutator in connection with a vibrator coil. 


In other words, very nearly all of the systems 
comprise one or more of the parts of the four prin- 
ciples of ignition. 


Difference in Makes of Magnetos 


An inspection of the illustrations of the different 
leading makes of magnetos will give the reader an 
idea of the variance in construction. In these pages 
we illustrate magnetos of low-tension type and 
magnetos of high-tension type. 


As previously explained, the low-tension type of 
magneto employs an armature wound with only one 
winding of wire, which is called the primary winding. 
We learned in a previous instruction that when a 
magneto employs a single primary wound armature, 
then a transformer (high-tension coil), separate and 
distinct from the magneto, is necessary in order to 
step up or transform the low-tension voltage (pres- 
sure) up to a high pressure. 


By referring to pages 247,254,we find that the Remy 
and Splitdorf (in the models shown) have primary 
wound armatures and need separate coils or trans- 
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formers. But going a little further into detail, we 
find that the Splitdorf, Eisemann, Bosch, Mea, and 
the pivoting magnetos all have armatures which 
ee with the winding wound on the revolving 
part. 


In the Remy model “RL,” page 247, and K.W., 
as well as the Dixie and Ford inductor-type mag- 
netos, we find that the winding does not revolve, 
but is stationary. 


‘Armature’ and “Inductor” Type; **Primary”’ 
and ‘‘Compound”’? Wound Magnetos 


The revolving type of armature, with the wire 
wound thereon, is called the ‘‘armature” type, and 
the type where the wire is stationary is called the 
“inductor” type. 


if there is only one winding it is called a “pri- 
mary” wound armature. If there are two windings, 
then it is called the “compound”’ type. 


The primary wound armatures are low-tension, 
and require separate coils. 


The compound wound armatures are high-tension, 
and do not require separate coils—except as a matter 
of convenience for easy starting or dual systems of 
ignition. 

By referring to the K. W. magneto, in Fig. 6, 
page 284, we find that the winding on this type is 
also stationary, but instead of being a single pri- 
mary winding, as on the Remy, it is a double or 
compound wound armature like the Bosch, Eise- 
mann, and Mea—but differs from the last-mentioned 
in that the winding does not revolve. 


In the Bosch, Mea, and Eisemann the armature 
is compound wound, and of the “armature” or 
revolving type. The principles of the magnetos 
are about the same, with some few minor differences 
in construction. 


**Pivoting”’ or ‘‘Rocking’’ Type of Magneto 


The Mea magneto (Fig. 2, this page) differs in 
that the magnets can be turned from side to side 
(called pivoting type); they are bell-shaped, and 
placed horizontally; therefore, unlike the custom- 
ary horseshoe -type, are mounted vertically. In 
this construction the magnets and breaker are 
moved simultaneously instead of the advance and 
retard of the contact-breaker alone. 


This style of magneto, owing to the fact that it is 
rocked from side to side, gives an unlimited range of 
advance, and thus adds wonderfully to the flexibility 
of the car on which it is mounted. This great 
range of advance makes this instrument especially 
suitable for two-cycle engines, which require a much 
greater degree of advance and retard than the four- 


cycle type. 


Magneto; Automatic Adyance 


The Eisemann automatic advance of spark (page 
270): With all magnetos treated up to the present 
time, the advance and retarding of the time of spark 
is accomplished by hand, called “manual” advance 
by means of a spark lever on the steering wheel. 
With the Eisemann automatic advance, the same 
thing is accomplished by a governor arrangement 
automatically. This type of magneto is extensively 
used on commercial cars. 


Illustrations of Some of the Different High 
and Low-Tension Magnetos 


Note that while the magnetos may vary in con- 
struction, the principle is very much the same. 


Fig. 1. The . Bosch _high-tension magneto, Armature 
revolves, The Simms, Hisemann, and other types are similar. 


(M), magnets; (D), distributor; (PW), primary winding; 
over this winding is (S) the secondary winding; (H), is the 
terminal which connects with the switch. 
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Fig. 2, The Mea high-tension magneto. Pivoting type. 
Revolving armature. Note that the armature is of the double- 
wound, shuttle-revolving type. Instead of shifting the inter- 
rupter housing, in order to advance or retard, the field magnets 
with the interrupter are shifted. 


The Hisemann high-tension magneto, pivoting or 
rocking advance magneto. The advance and retard are ob- 
tained by rocking the magneto bodily on its cradle. Otherwise 
the magneto is the same as other magnetos, The armature 
revolves, 


Fig. 3. 
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Fig. 4. The Splitdorf low-tension magneto. Armature is 
primary wound. Armature revolves and is of the ‘armature’ 
type. A separate:high-tension coil, called a transformer, must 
be used with this magneto. The Splitdorf Co. also manufac« 
tures a high-tension type magneto. 


284 


PLLA 


Z Ya= i 


ed | 


el 


The Remy low-tension magneto armature is primary 
The magneto is of the “inductor 

type. Armature does not revolve. The winding (W) is 
stationary, and rotating magnets (L) revolve. Separate high- 
tension coil (called a transformer) must be used with this 


Fig. 5, y lo 
wound—only one winding. 


magneto. The breaker gaps are set .025” apart. 
~ DISTRIBUTOR 
SECONDARY TERMINALS 
OIL CUP 4-4 DISTR 

MAGNETS BRUSH 
SAFETY GAP 

PRY. WINDING PEL. 
SEC. WINDING 


BALL BEARING 


PINION 


BASE 
CIRCUIT BREAKER CAM 


CIRCUIT BREAKER ROLLER 


Fig. 6, The K.W. high-tension magneto with an inductor- 
type rotor. There are two windings on this type: a primary 
and a secondary. The windings are stationary, however, 
and the inductor rotors revolve: The principle of inductor- 
type magnetos was explained on page 246. The same principle 
applies here, with the exception that the two windings obviate 
the necessity of a separate high-tension coil, as it is here pro- 
vided for in the secondary winding of the stationary coil wind- 
ing. By referring to the Index under ‘‘Impulse and waves of 
current,” and also on page 246, you will note that the K.W. 
gives four waves or impulses per revolution. However, either 
one, two, or four sparks per revolution can be obtained by using 
a single or a double cam. 


On the K.W. there are four sparks per revolution, with a two- 
point cam, therefore the magneto would be driven at crank- 
shaft speed for an eight-cylinder engine, and at 1 14 times crank- 
shaft speed for a twelve-cylinder. 


The setting of the inductor-type armature is similar to the 
setting of any other type. The fact of its having two inductors, 
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laced crosswise, is a bit confusing, but in the setting, only one * 
Fe taken into consideration, and is therefore as simple to set as 
the ordinary type. The breaker and plug gap are set to 1/64”. 
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Fig. 7. Berling type D-81x-2, high-tension 8-cylinder 


single-spark, high-tension, revolving type of armature mag- 
neto, as used on the Curtiss training planes. 
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Fig. 7A. Interrupter or contact-breaker as used on the 
Berling magneto shown above. 


Adjusting interrupter: With the fiber lever in the center of 
one of the embossed cams, the opening between the platinum 
contacts should be not less than .016’”” and not more than .020’. 
The gauge riveted to the adjusting wrench should barely be 
able to pass between the contacts when fully open. The 
platinum contacts must be smooth, and if pitting of the con- 
tacts is in evidence, they should be smoothed off with a very 
fine file. When in closed position, the platinum contacts should 
make contact with each other over their entire surfaces. 


Addresses of Leading Magneto Manufacturers 


K. W. Ignition Co., Cleveland, Ohio. 

Appollo Magneto Co., Brooklyn, N.Y. 

Remy Magneto Co., Anderson, Ind. 

American Bosch Magneto Corporation, Springfield, Mass., 
“Bosch”? Magneto. 

Ericsson Mfg. Co., Buffalo, N.Y., ‘‘Berling’’ Magneto. 

The Eisemann Magneto Co., Brooklyn, N.Y., ‘‘Eisemann” 
Magneto. 

Simms Magneto Co., East Orange, N.J., “‘Simms’’ Magnetos. 

Splitdorf Electrical Co., Newark, N.J., “Aero” and ‘‘Dixie” 
Magnetos. 


“COMBINING” THE HIGH-TENSION MAGNETO AND COIL AND BATTERY SYSTEM INTO 
“DUAL” AND “DOUBLE” SYSTEMS 


We have now explained the different leading 
low and high-tension ignition systems for firing 
the charge of gas in the gasoline engine. In order 
to explain more clearly the four systems of bigh- 
tension ignition, we will now place the four ignition 
systems (high-tension) on one four-cylinder engine. 


Some of these systems (see Fig. 8) are out of date, 
but are shown in order that the reader will under. 
stand the different principles. The modern battery 
and coil-ignition system, using a closed-circuit 
interrupter, as explained on page 197, is not shown. 


The system of using four ignition systems on one 
four-cylinder engine is not in actual use, but is 
intended to make the combination of “dual” and 
“double” systems clear to the reader, by showing 
how they can be combined. 


NON-VIBRATING COIL 


i 


= “LOW TENSION 
1 _| 6x rer MAGNETO 


Fig. 8. Four high-tension ignition systems connected to one 
four-cylinder engine. Only two systems are usually placed on 


an engine, ‘The idea is merely to show how the various syste 
can be combined into ‘dual’ Scie a 


HIGH-TENSION MAGNETO 


_ The vibrating coil is seldom used. 
is seldom used. modern “‘dual’” and ‘“‘double’’ system is 
shown on page 263. A modern ‘battery and coil’’ system is 
shown on pages 197, 211. 


The low-tension magneto 


We shall first explain each system separately, 
showing how each would be connected. 


First, The “single” high-tension magneto system: 
By referring to Fig. 8, we will put our pencil on the 
switch on the dash coil box ($1). If this lever is 
thrown to the left with all other switches “off,” 
this high-tension magneto system will supply cur- 
rent for sparking the lower set of spark plugs (M1, 
M2, M3, M4). Note that these wires run from the 
distributor on the magneto. 


Second, The high-tension coil, battery and com- 
mutator system: If switch (S) is thrown to the left, 
the four high-tension vibrating coils will spark the 
plugs (H1 to H4). The battery of either storage or 
dry cells (usually storage) will supply the electric 
current in this instance. The commutator, operated 
from one of the cam shafts through a system of bevel 
gears, will control the time of spark in each cylinder. 


Third, A non-vibrating single high-tension coil 
with battery, using the circuit-breaker on the low- 
tension magneto as the timer, and the distributor 
on the magneto to distribute the current to the 
spark plugs: If the-switch on the non-vibrating 
coil is on (B), the battery will supply the electric 
current, passing through the primary winding of 
the non-vibrating coil. The circuit-breaker (B1) 
on the low-tension magneto will take the place of 
the timer and vibrator. The secondary current 
from the coil will be distributed to the spark plugs 
(W1 to W4), through the distributor (D) on the low- 
tension magneto. 


Fourth, Low-tension magneto and separate high- 
tension coil: If the switch is on (M) on the non- 
' vibrating coil, the low-tension magneto will pass its 
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current through this non-vibrating coil, increase it 
to high pressure, and then distribute the high-ten- 
sion current through the distributor (D) to the 
spark plugs (W1 to W4), the circuit-breaker opening 
and closing the primary circuit of the magneto. 


Combining into Dual Systems 


If we were to combine the two last-mentioned 
systems, we should have two systems of ignition 
using one set of spark plugs—but only one system 
sparking the plugs at the time. 


The single non-vibrating coil and battery would 
be used to start on, by throwing the switch to (B), 
and after the engine was started; then, by throwing 
the switch to (M), the low-tension magneto would 
take the place of the battery. 


Another dual system: A vibrating coil with 
switch (S1), storage battery and commutator 
(timer), with secondary wires (H1 to H4), con- 
nected to the spark plugs (M1 to M4), in connection 
with high-tension magneto, connected to same spark 
plugs, would give another form of dual system. 


Combining into Double Systems 


The vibrating coil, timer, and battery with spark 
plugs (H1 to H4) would constitute one independent 
system. The high-tension magneto with its spark 
plugs (M1 to M4) would constitute the other. This 
would be called a double system. 


Another double system could be formed by using 
the low-tension magneto and separate non-vibrating 
coil and spark plugs (M1 to M4). The vibrating 
coil, timer, and battery with spark plugs (H1 to H4) 
would constitute the other system. 


There are many methods employed to combine 
the different ignition systems into ‘dual’ and 
“double” systems. 


A BRIEF REVIEW OF THE VARIOUS IGNITION SYSTEMS: ADVANTAGES AND 
DISADVANTAGES 


We have now mastered the various methods of 
producing an electric spark for igniting the gas; 
with a “primary” or low-tension coil, and a “‘second- 
ary” or high-tension coil, and a low-tension magneto ; 
a low-tension magneto and a high-tension coil, and a 
high-tension magneto alone, or a high-tension mag- 
neto and a coil-and-battery ignition, as a “dual” 
system, also the ‘‘double” ignition system. 


We shall now review the different systems as to 
their relative advantages and disadvantages. 


Low-tension coil systems: The disadvantage of 
the ‘“make-and-break” is its lack of “flexibility” 
and slow spark. It would be considered fairly good 
for a slow-running constant-speed stationary or 
marine engine. 

Coil with vibrator: The disadvantage of a vibrator 
coil is its tendency to miss; if the battery is weak, 
the vibrator will not operate. If too strong, the 
points on the vibrator will weld together and stick, 
causing missing. The spark is not fast enough. 
The consumption of current is rather heavy. 


Master vibrator coil: Where a system is already 
equipped with a multiple of vibrator coils, this 
would be an excellent method to improve it. Its 
disadvantage is a sticking vibrator, with all work 
on one vibrator and a succession of sparks. 


Dry battery as a source of electric supply: Its 
disadvantage is unreliability. A battery of 5 or 6 
dry cells will do fairly good work when fresh for 
short periods of time—provided two sets are used 


and the use alternates from one to the other. It 
gets weaker as used, however, and is unreliable. 
Intended for “intermittent”? work—as ringing door 
bells, etc., where used only for a few seconds at a 
time. 


Storage batteries are better, as they maintain 
their pressure until exhausted. They contain a 
greater quantity of current and are far more satis- 
factory. Their disadvantage lies in the fact that 
they must be recharged when exhausted, and the 
operator must watch it for fear of running down. 


Battery, coil, and magneto: The battery and coil 
ignition, using dry cells or a storage battery, could 
be used for starting the engine and the magneto 
can be used for ignition after starting. The dis- 
advantage would be that dry cells would soon get 
weak and the storage battery would require charging 
in time. If a generator or dynamo (direct current) 
was connected to the engine to charge the battery, 
this would be an improvement, but would add 
another piece of machinery. The magneto gener- 
ates ‘alternating’ current; therefore it is not suit- 
able for charging a battery and can be used only 
independently for ignition. 


High-tension magneto alone: The magneto gener- 
ates a very hot and voluminous spark which is 
desirable as the time between ignition and actual 
combustion is less, with the result that more power 
is obtained (for the same reason that ‘‘double” and 
‘two-spark” ignition is an advantage). The dis- 
advantage is that the magneto must be turned fast 
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enough to generate current when starting, and this 
cannot always be relied upon when cranking by 
hand. Therefore some form of starter must be 
employed. The popular type of magneto starter is 
the “impulse starter,” as explained on page 281. It 
is used-extensively on truck and tractor engines. 
This overcomes the starting disadvantage, but is not 
altogether desirable for pleasure cars. 


The low-tension magneto and separate high-ten- 
sion coil are now seldom used, because the high- 
tension magneto is simpler, and thus the separate 
coil and wiring are dispensed with. 


The high-tension magneto is a very desirable 
system of ignition. The spark is hotter, fatter, and 
exists across the spark-plug gap for a longer period 
of time than in other systems. Thus it fires all of 
the gasin each cylinder. The high-tension magneto 
is several times hotter than any other spark, and thus 
the gas is ignited more quickly. For reasons stated 
below, however, the magneto is not used on pleasure 
cars to as Great an extent as formerly, and now that 
great Improvements have been made with coil-and- 
battery ignition, this latter system is in general use. 


The double system of ignition is an advantage. 
See pages 263, 264, explaining why. 


The Electric System in General Use 


Battery, coil, generator and electric starting 
motor: A very satisfactory system and one which is 
now generally used for pleasure cars is an ignition 
system using a high-tension coil without a vibrator, 
and a “closed circuit,” “single spark’’ interrupter. 
The source of the electric supply for ignition and 
starting the motor is taken from the storage battery 
when starting the engine, and after the engine is up, 
speeding the ‘‘direct current” generator charges the 
battery and supplies current for ignition and lights. 
The advantages of this system would be a constant 
source of electric supply, a hot spark regardless of 
the speed of the engine, ease of starting the engine, 
and a constant source of electric current for lights 
when the car was idle or running. 


The question then arises, Why use only a magneto 
on a truck, and this system on a pleasure car? The 
answer is, to avoid complication. The driver of a 
truck seldom runs the truck after dark, and seldom 
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at a high rate of speed. A truck must be operated’ 
on an efficient basis, and for this reason the added 
complication of battery and starter is eliminated. 


On the other hand, the pleasure car is driven con- 
siderably at night, and quite often at a high rate of 
speed. Therefore strong lights are essential. The 
pleasure-car driver also demands an easy method of 
starting. Inasmuch as a starting motor and strong 
lights consume a great deal of current, it is necessary 
that a generator be supplied that will continually 
charge the battery while running. Therefore, if a 
battery 1s required, and a generator to charge 
the battery, then by adding a timer, distributor, 
and non-vibrating high-tension coil, we have added 
an ideal ignition system, combining all the desirable 
features and eliminating entirely the magneto. 


The disadvantage of the battery, coil, generator, 
and electric starting motor system would appear 
to be: (1) the probabilities of the dynamo at high 
speed burning out the ignition coil, as the voltage 
increases with the speed of the dynamo, or, (2) when 
running slow, the connection being between the 
storage battery and field coils, the current would 
flow from the battery into the generator. This, 
however, is all taken care of: (1) by ‘regulation’ 
of the dynamo field windings, so that the output 
remains constant at low or high speeds; (2) by a 
“cut out’? arrangement, which is explained farther 
on. 


The greatest source of trouble with this system is 
the storage battery, as it requires careful watching. 
But by having the battery tested about every two 
weeks and seeing that the generator is charging the 
battery while running, which is a simple operation, 
battery troubles can be eliminated. 


The Modern Battery and Coil Ignition System 


The ignition system in general use today is the 
closed-circuit coil and battery system, illustrated 
on page 197. 


The current is taken from a storage battery or 
the generator, then passed through the primary 
winding of a high-tension non-vibrating coil, using 
an interrupter and a distributor to make and break 
the primary current and distribute the secondary 
current to the spark plugs. 


| INSTRUCTION No. 27 
MAGNETO INSTALLATION: Driving the Magneto; Magneto Speeds 


Fitting the Magneto 


One method of fitting a magneto to the engine 
frame is by means of pins, and is held down on its 
base by a strap of metal passing over the magneto, 
as in Fig. 1. The band is usually in two sections, 
as illustrated in Fig. 1, thus bringing the nut (A), 
which tightens or loosens the band at a point which 
is easily gotten at. In other instances, however, 
the magneto is bolted direct to its base, and since 
the nuts are below, it is almost impossible to remove 
the magneto after the engine has been placed in the 
chassis. It might also be worth mentioning, at 
this point, that some magnetos are strapped down 
on iron or steel brackets and no precaution taken to 
see that brass or non-magnetic fittings are used at 
the point where the tightening bolts join the straps. 
A little thought will show that, as illustrated, a 
portion of the lines-of-force will return by way of 
the bolts and base instead of through the armature. 
Although the effect of this may not be noticed at 
ordinary speeds, it will have mucb to do with deter- 
mining the lowest speed at which a good spark is 
produced. Magnetos therefore must have a brass 
or aluminum base. 


TIMING 
BUTTON 


MAGNETO 
COUPLING 


BOLTS 
HOLDING 


BEARINGS 
MAGNETO MAGNETO 
SHAFT BEARING Fig. 1 (upper) 
Fig. 2 Fig. 3 (lower) 


Figs. 1 to 3 apply to the types of high-tension magnetos with 
double-wound armatures. 


- Magneto Location 


The magneto is usually placed alongside of the 
engine (see Fig. 2), mounted on a separate base 
provided for it. The base of the magneto 1s usually 
made of brass, as brass will not become magnetized; 
therefore the magnetism is confined to the magnets, 
otherwise they would soon lose their magnetism. 


Magneto Drive 


The magneto armature shaft can be driven by 
gears (Fig. 4), or a silent chain (Fig. 5). The 
usual practice is to drive with gears (see Figs. 5A 
and 5B). 


LEVER TO SHIFT 
CONTACT BREAKER 
ON MAGNETO 


HIGH TENSION 
MAGNETO 


INTERRUPTER 


_ Fig. 4. Simplified illustration showing how the magnete 
is usually driven and how the interrupter, or contact-breaker, 
is connected with the spark lever. 


The magneto which is timed to give a spark at a 
fixed time cannot be driven by a belt or friction, 
because the armature must be in a certain position 
in relation to the time of spark. A belt would slip. 


Cam Gear Drives CAM 
WF o> an sharr, 


SPROCKET Yq 
DRIVING i i 
Maeneto & PUMP. 

SPROCKET 


The silent-chain drive method on a six-cylinder 
Note that the sprocket driving the magneto gear is 
therefore the magneto gear will turn 144 
(The 


Fig. 5. 
engine. 
slightly smaller; 
revolutions to the crank shaft gear’s 1 revolution. 
magneto is usually driven by gears.) 


A coupling is usually provided between the drive 
shaft and armature shaft, as shown in Fig. 2. One 
type of coupling is the Oldham, shown in Fig. 3; 
another type is a flexible leather or fiber disk bolted 
between two flanges. By the use of a coupling, the 
magneto can be uncoupled from its drive member 
and properly timed without removing the gear-case 
cover. 


The coupling and shaft are usually driven by a 
gear. This permits undue strain on the armature, 
if it is not exactly in line, and also reduces vibration 
to the armature shaft. The chain drive is the least 
desirable for magneto drive, but is a popular drive 
method for the interrupter of a coil and battery 
system of ignition. 


If a gear is used to drive the magneto direct to 
a gear on the armature shaft, sufficient clearance 
must be allowed between the gear on the magneto 
and the driving gear, in order to reduce strain on 
the armature shaft. 


The magneto must be driven at a fixed speed, 
because the armature must be in approximately a, 
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vertical position and with the interrupter point just 
breaking when the piston is in the correct position 
to receive the spark. The correct position for 
the piston to receive the spark is just an instant 
before it is at the end of its compression stroke. 


EXHAUST 
GAM 
GEAR, 


“ pRIVE GEAR 
Fig. 5A. Magneto driven by gears on a ‘'T’’-head engine. 
Fig. 5B. Magneto driven by gears on an ‘‘L”’-head engine. 


The armature is therefore set by meshing its 
drive gear in relation to the gear on the crank shaft, 
so that it will be in this position at this time. 


The magneto drive shaft is usually tapered, 
therefore the coupling should be tapered to corres- 
pond. If driven by a gear, and teeth are meshed 
too tight, undue strain will result on the bearings. 


Magneto Connection with Spark Lever 


The method for advancing and retarding the 
time of spark is usually by means of a rod connected 
at one end with the spark lever on the steering 
wheel; the other end connects with the bell crank, 
thence by a rod to the interrupter or breaker-box 
housing (Fig. 4). 


By shifting this housing in the opposite direction 
of the rotation of the cam, the cam would raise the 
interrupter arm and interrupt the flow of current 
earlier, or in ‘advance.’ 


By shifting this housing with the direction of 
rotation of the cam, the interruption would occur 
later, or “retarded.” 


On some types of magnetos, such as the Mea, page 
271, the field magnets are “advanced” and “re- 
tarded” by rocking the magnets bodily around the 
armature (called “pivoting advance’’). 


_ The advance which can be obtained on a magneto 
is usually 22° to 35°. 


Clockwise and Counter-Clockwise Drive 


The drive-end of a magneto is the end where 
the drive gear or coupling connects with it. The 
direction of rotation of armature is always con- 
sidered from the drive-end. 


Clockwise rotation of the armature would there- 
fore be as in Figs. 6A and 7A. Note that the direc- 


Fig. 6. Positions of full retard of the cam plate when looking 
at the driving end of the Simplex magneto. Fig. 6 is a view of 
the counter-clockwige setting and Fig. 6A, the clockwise setting. 
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tion of rotation of the armature is right hand, or as° 
the hands of a clock move. 


Counter-clockwise rotation would be as in Figs. 
6and7. Note that the direction is a left-hand direc- 
tion, or opposite to that of the movement of clock 
hands. 


Clockwise 


Figs. 7 and 7A. Drive end of magneto which is opposite to 
the interrupter and distributor end. 


Note in Figs. 7 and 7A that the distributor would 
revolve in the opposite direction to the armature. 


Note also in Figs.7 and7A the position where arma- 
ture (A) should be placed when the contact-points 
should open, with the contact-breaker fully retarded. 
The illustration on the right shows a clockwise rota- 
tion, and»the left-hand illustration shows it as 
counter-clockwise, both armature positions being 
retarded. By this is meant that the contact- 
breaker points are retarded from separating until 
the armature has reached a position as shown at (e). 


Figs. 6 and 6A show the drive-end of a magneto 
with the contact-breaker lever (L) retarded when 
running clockwise and counter-clockwise, as in Figs. 
7 and 7A. 


Meaning of ‘“‘Advance’’ and “‘Retard”’ of Spark 


Since in regular operation of the engine the charge 
is ignited just an instant before the top of the com- 
pression stroke, the magneto armature is so set, 
relative to the engine crank shaft, that the maxi- 
mum induction effect occurs at this moment. 


It is, however, necessary to be able to vary the 
point in the cycle at which the ignition occurs, 
since, when the engine is cranked by hand, the 
spark must occur after the end of the compression 
stroke, or else the engine may kick back, 


If started by some form of self-starter, it is then 
possible to start with slightly more advance than 
when starting by hand, because the self-starter 
turns the engine crank somewhat faster; however, 
even with a starter, if advanced too far it will cause 
a back-kick and may result in damage to the starter. 


The meaning of “advance” of spark js to cause the 
spark to occur earlier, before the piston is on top of 
compression stroke. 


The meaning of “retard” of spark is to cause the 
spark to occur later. On engines that are cranked 
by hand, the spark is usually set “retarded” after 
top, so that there will be no danger of a kick back. 


The exact position to “advance” or “retard” is 
determined by running as far “advanced” as possible 
at all times until a knock is detected, and then 
“retard” until the knock disappears. The driver 
will then soon learn the exact position where the 
engine gives the greatest power. Remember also, 
that a retarded spark heats up the engine. 


MAGNETO INSTALLATION 


Control of Spark 


Principle: As the spark occurs only when the 
primary circuit is broken by the opening of the 
platinum contacts, the timing of the spark can be 
controlled by having these platinum contacts open 
sooner or later. This latter is accomplished by 
the angular movement of the timing lever (L) (Figs. 
8 and 8A). This movement gives a timing range of 
about 34°. The spark is fully retarded when the 
timing lever is pushed as far as possible in the direc- 
tion of rotation of the armature, and is advanced 
when pushed in the opposite direction. 


Magneto spark control: In order to make it 


possible to vary the time of the spark on a magneto, 
the circuit-breaker housing is so arranged that it 
can be rocked around its axis, being provided with 
a lever arm (L) (Fig. 8) for the purpose, from which 
connection can be made to a spark lever on the 
steering post, as in Fig. 4. 


CIRCUIT BREAKER HOUSING 
Fig. 8 Fig. 8A 


Fig. 8. Tlustration showing circuit-breaker in “advanced” 
position when magneto armature is running ‘‘counter-clock- 
wise”’ (view from front of magneto). 


Fig. 8A. Illustration showing cireuit-breaker in “‘advanced 
position” when magneto armature is running “clockwise” 
(view from front of magneto). 


It will readily be understood that if the armature 
shaft turns right-handedly (Fig. 8A) (view is from 
the distributor end, not the drive end), and if then 
the circuit-breaker housing is moved through a 
certain angle in a right-hand direction, the contact 
points (A) and (B) will separate later, or “retarded,” 
with relation to the position of the engine crank 
shaft; while, on the other hand, if the housing is 
moved in a left-hand direction, the circuit-breaker 
point will open earlier, or ‘‘advanced,” the position 
in which it is now in Fig. 8A. In this way the point 
at which the spark occurs can be shifted through 
an angle of about 34°. 


Coil and battery system control: On the Delco 
and Atwater-Kent or similar systems, the advance 
and retard is obtained by shifting the housing sur- 
rounding the timer and distributor and also by 
governor action (see pages 202, 214). 


Spark-Control Methods 


There are three general principles used for con- 
trol of spark: (1) by hand, to vary the spark posi- 
tion, which would be termed ‘‘variable spark”’; (2) 
by a governor, which would also vary the spark 
according to speed; (3) by a fixed spark. 

(1) By hand means that the spark lever on the 
steering post shifts the commutator or interrupter 
(see Fig. 4, page 237). 

Where magneto ignition is used, the housing 
on which the interrupter arm is placed is shifted in 
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the opposite direction of rotation to the armature to 
“advance,” or cause the spark to occur earlier, or, 
in the direction of rotation to cause the spark to 
occur later. 


_ When the spark is advanced or retarded by hand, 
it is left to the good judgment of the driver to manip- 
ulate the spark lever, except where the system is 
equipped with an ‘‘automatic” advance. The auto- 
matic advance is seldom used with magneto ignition. 


(2) The automatic advance is probably the most 
satisfactory with a battery and coil system of igni- 
tion, because the spark occurs just at the right time 
automatically, and there is no guessing as to just 
aah far to advance or retard at various speeds. See 

ndex. 


_(3) The fixed spark is sometimes used with a 
high-tension magneto, which means that the time of 
spark is fixed at one position, usually advanced, and 
the contact-breaker breaks at one position, regard- 
less of speed. This system has not proved very 
satisfactory on engines where speed varies, but 
would be satisfactory if the speed of the engine 
was constant and did not vary. The objection, 
however, would be in starting—liability of a kick— 
for the spark would necessarily be placed advanced 
for proper running. 


The disadvantage in one instance: Suppose the 
car was running up hill, the charge of gas would be 
heavy and the throttle would be open, consequently 
there would be a high compression. If the spark 
was advanced, which it usually is with a fixed spark, 
the spark would occur at such a time that the com- 
bustion would take place before the piston reached 
the top, because the piston would be moving slow 
at, say, ten miles an hour; the result would be that 
the force would be exerted on the head of the piston 
causing the momentum of the piston to buck against 
the force of the combustion, which would invariably 
cause a knock and loss of power. 


The fixed spark, however, is not at all advisable 
on variable speed engines. 


Relation between Position of Armature to 
Contact-Breaker when Advanced or Retarded 


Advanced position: Referring to (M), the arma- 
ture cheek is just breaking from the pole tip (e), 
in the direction of rotation. This is the maximum 
position, or when current strength is strongest. At 
this time the contact-points (P) (Fig. 9) should 
separate. 


Fig. 9 


Fig. 9. Contact-breaker advanced. 
Fig. 10. Contact-breaker retarded. 


Fig. 10 
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The magneto is set at the factory with armature 
in maximum position (M), and the contact-breaker 
housing (Fig. 9) is placed in an advanced position. 
That is, it is moved opposite to the direction of 
rotation of cam (c). The cam (c) is set so that it 
causes points (P) to separate when the contact- 
breaker housing is in the advanced position. 


Retarded position: Suppose the contact-breaker 
housing is retarded, or moved with the direction of 
the cam rotation as far as it will go (Fig. 10) (28° 
is average range),1 then points (P) of the contact- 
breaker would not separate until the armature had 
traveled farther? in the direction of rotation, approx- 
imately the position shown in (R). At this point 
the armature has passed the maximum position and 
is where the current strength is weaker. By referring 
to pages 253, 254, we learn that the current strength 
begins to weaken the nearer the armature travels to 
zero position after maximum position. 


From this we learn that the spark is strongest at 
maximum position of the armature (M), with the 
contact-breaker in advanced position (Fig. 9), and 
that the spark is weaker when the contact-breaker is 
in retarded position (Fig. 10), because the armature 
has passed the maximum position. 


Let us see what happens when we follow out the 
magneto-setting given on page 297, which says: 


1 The average advance range of the armature is 22° to 34°— 
many magnetos actually having but 22° or 28° in which the 
breaker moves from full advance to fullretard. The Bosch Co. 
states that the Bosch four-cylinder standard average speed (less 
than 2,000 r.p.m.) has a timing range of 35° figured on the 
magneto axis. On a timer or commutator, it is possible to get 
as high as 48°; for instance on the Atwater-Kent timer, the 
timer shaft will advance automatically about 15° at high speed, 
and the housing itself can be advanced about 33°. 


* About 1/16” break from cheek of armature to pole-piece (e) 
when advanced, is the average break. The distance at full 
retard would be about 23/32”. 

A four-cylinder engine, with a speed of 2,000 or less, is termed 
an average-speed engine, and the gap between pole-piece and 
armature cheek is 1/16’. An engine with speed of 2,000 to 
3,500 r.p.m. would be termed a high-speed engine, and in this 
case the gap opening is increased to 5/32” or 3/16”. 


Place piston ontop of compression stroke, place’ 
contact-breaker in retarded position, then turn 
armature in direction of rotation until contact-points 
just start to separate. 


This would place the armature in position (R), 
and the contact-breaker in position shown in Fig. 10; 
both retarded. In this position the spark would 
occur when the piston was on top of the stroke—but 
we must remember that the combustion is not 
instantaneous; therefore allowing for this lag, the 
spark would occur when the piston had moved 
slightly down after top—which at slow speed is 
desirable, but which is a weaker position of the 
armature for starting the engine on. Z 


This is why spark-plug points ought to set close 
together, and why magnetos do not permit the 
engine to throttle down as slow as a constant source 
of electric supply, such as a battery. The contact- 
breaker is usually retarded when the engine is run- 
ning slow and the magneto armature is turning over 
slowly. Therefore both actions tend to weaken the 
spark, Always run as far advanced on magneto 
ignition as possible. 


As the speed of the engine increases, if the con- 
tact-breaker was retarded and combustion was not 
instantaneous, as explained above, then the piston, 
traveling fast, would move farther down after top 
before the spark occurred. Therefore as we have 
a range of 28° in which we can move the contact- 
breaker housing so that the spark will occur earlier, 
we then advance the contact-breaker more and more 
as the speed of the engine increases, so that the spark 
will occur before top of compression, thereby giving 
the combustion time to take place, when the piston 
is on top, or just starting down. The more we 
advance the breaker, the nearer we reach maximum 
or the strongest position of the armature. There- 
fore the current strength is greatest at high speeds. 


_ When setting a magneto, the only point to con- 
sider is whether the breaker housing is to be retarded 
or advanced when interruption takes place, and 
the position of the piston. 
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IGNITION TIMING: Timing the Magneto; Timing Miscellaneous 
Ignition Systems 


A study of Figs. A to D below will make clear the 
“four-cycle principle” which it is necessary to have in 
mind clearly in order to understand the explanations 
following. This explanation is also applicable to 
coil and battery ignition. 


VALVE 


INLET VALVE 
OLaseD 
OPEN 


Suction or inlet stroke: In Fig. A, the piston 
' moves downward, drawing a mixture of gas and 
air into the cylinder on top of the piston. 


Compression stroke: In Fig. B, the inlet valve 
closes and the piston moves back in the cylinder, 
compressing the mixture of gas and air. 


Power stroke: In Fig. C, the mixture of gas and 
air under compression is ignited by means of an 
electric spark; thus the expansion force of the heat 
pushes the piston downward. This is the power 
stroke. Note there is only one power stroke per 
cylinder for every two complete revolutions of the 
crank shaft. 


Exhaust stroke: In Fig. D, the exhaust valve 
opens; the piston on the upward stroke forces out 
the burned gases, and the cylinder is again ready for 
a new charge, or the inlet stroke. 


RELATION BETWEEN THE TIME OF SPARK AND TIME OF COMBUSTION 


The combustion should take place as the piston is 
on top of the compression stroke, or slightly there- 
after, as shown in Fig. 2 below, because at that 
point the gas drawn into the cylinder has been 
forced up into the head of the cylinder and is at the 
point of greatest compression. Hence more force is 
exerted on the head of the piston when the explosion 
occurs. 


If it occurs after the piston has started down (as 
in Fig. 3 below), the compression is not as great. If 
it occurs before the piston reaches the top of the 
compression stroke (as in Fig. 1 below) it is not as 
great, because if the engine is running slow and 
the explosion occurs before the top of the stroke, 


PISTON GOING UP ON PISTON ON TOP OF COMPRE- PISTON AFTER TOP- 
COMPRESSION STROKE- SSION STROKE- GAS PACKED GAS NOT PACKED SO TIGHT 
PACKING GAS IN CYL. TIGHEST AT THIS POSITION LESS PRESSURE ON PISTON 
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the force will be exerted against the piston’s upward 
travel, and will cause a knock and loss of power. 


An example: In Fig. 1, note that the piston is 
going up on compression stroke, pushing or com- 
pressing the gas (which was drawn in at the previous 
suction stroke) into the head of cylinder. At the 
point where piston is now, the gas is not very tightly 
compressed. 


In Fig. 2, the piston has now reached the top of 
compression stroke and the gas is packed tight into 
the head of the cylinder. It is clear that if the 
combustion took place just as the piston started 
down, the expansion force against the piston would 
be greater than if the combustion did not take 
place until the piston had passed over the top and 
was on the way down, as in Fig. 3. 


Also observe that if the combustion took place, 
before the piston reached the top of the compression 
stroke, as in Fig. 1, especially if running slow, the 
power would be exerted on the up-coming piston’s 
momentum and would not only cause a falling off 
of power, but a knock would occur, caused by the 
sudden reversed force of the combustion on the 
piston. 


Remember, the momentum of the fly wheel car- 
ries the piston up and down on the other three of 
the four strokes. 


Note. The automatic spark control takes into account 
variations in speed only. 


Time for the Spark to Occur 


There is a difference in time, between the time 
the “spark”? is made at the spark plug, and the 
time at which the “combustion” of the gas actually 
takes place. If combustion took place immediately 
when the contact was made or broken, then the 
proper time to set the spark to occur would be on 
top of the compression stroke. 


But, as stated, there is a slight difference in time 
allowed for the gas to burst into full explosion after 
the spark occurs; but as we desire that full explosion 
occur at the highest point of compression, we will 
figure out just how we can make the combustion 
take place at the highest point of compression. 


First: We must figure out how far in advance of 
the top of the compression stroke the spark must be 
set to occur, in order to have combustion take place 
on top of the compression stroke. 
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There are two main points to be considered; the 
system of ignition being one. If a coil and vibrator 
system is used, then it: is natural to suppose that 
the time consumed in making contact on the com- 
mutator and the time of action of the vibrator will 
result in more time than a single contact, as in a 
magneto or single-spark system. Therefore if a 
vibrator coil system is used, we would have to set 
the spark to occur a longer time before the top of the 
compression stroke, than if a quicker single spar 
system of ignition was used. 


The second consideration is speed. If the piston 
was traveling slow, the spark would be set (retarded) 
to occur later or nearer the top of compression stroke 
than if the engine was running fast. 


Speed Relation to Time of Spark 


Suppose the engine was running 500 revolutions 
per minute. Taking (X) (Fig. 6) as top of compres- 
sion stroke, the distance fo set the spark would be, 
say, at (Y), in order to give the combustion time to 
take place when the piston was on top of compres- 
sion stroke. i 


ON TOROR 
COMPRESSION 
STROKE 


BEFORE Top 


Fig. 4 


Fig. 5 


Now if the spark was fixed to occur at (Y) (Fig. 6), 
and speed was increased to 1,000 revolutions per 
minute, then the piston would go to the top of 
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compression stroke at (X), (Fig. 7), and pass over it 
and down to (Y), on the other side, or down in power 
stroke, before the process of combustion was com- 


AFTER TOP 


BEFORE ToP 


Fig. 6 Fig. 7 

pleted. The result would be a loss of power during 
the piston’s down travel between the points (X) and 
(Y) (Fig. 7), the full force of the explosion not being 
exerted on the piston until the latter point (Y) was 
reached. 


To increase this, it will be necessary to recalculate 
the piston speed at 1,000 r.p.m. and set the spark at 
a point say, (Z), (Fig. 5), which will allow of com- 
plete combustion by the time the piston reaches 
the top of compression stroke (X). 


Setting the time of spark to occur before the top 
of compression stroke is called advancing the spark. 


In setting a magneto, the usual extreme range of 
advance is 22° to 35°; therefore if it was desirable 
to set the spark to occur at 35° at full advance posi- 
tion, so that the spark would occur 35° before top, 
when running at full speed, simply place the piston 
on top of compression stroke, and set the contact- 
breaker in “retard”’ position. 


If only 30° advance was desired at full speed, 
place the piston 5° past the top of compression stroke 
and set the breaker-box housing at full retard. 


RELATION OF MAGNETO DISTRIBUTOR AND ARMATURE SPEED AND OF THE 
CRANK SHAFT OF THE ENGINE AND THE CAM SHAFT 


A high-tension magneto of standard construction 
produces a high-tension or jump-spark current, this 
current being generated in the windings of the mag- 
neto armature without the use of a separate induc- 
tion coil. 


Two ignition sparks are produced during each 
revolution of the armature in the “armature type” 
magneto, and these are transmitted to the proper 
cylinders by means of the high-tension distributor, 
which is integral with the magneto. Once during 
each half-revolution of the armature the primary 
circuit is broken, and the abrupt interruption of the 
primary current results in the production of the 
high-tension current in the secondary winding. 


The variation in ignition timing is effected on 
the magneto itself, the arrangement permitting the 
interruption of the primary current to occur earlier 
or later in the revolution. 


Armature and Distributor Speed 


On a four-cylinder engine, four sparks are 
required during two revolutions of the crank shaft. 
The magneto gives two sparks or impulses to one 
revolution of its armature; therefore it would be 
geared to drive at the same speed as the crank shaft. 


On a six-cylinder engine, six sparks are required 
during two revolutions of the crank shaft; there- 
fore the armature would revolve one turn, and half 
of another turn, making three sparks, while the 
crank shaft made one turn. Therefore on two 
revolutions of the crank shaft, the armature would 
make three revolutions, or six sparks. 


The distributor, however, on both the four and 
six-cylinder engine, would revolve at one-half the 
speed of the crank shaft, as the distributor brush 
would make one revolution, to two revolutions of 
the crank shaft. 


The distributor rotor on all ignition systems re- 


oe at one-half the speed of the engine crank 
shaft. 


A two-lobe cam is generally used on the inter- 
rupter, with lobes or projections 180°, or one-half 
revolution apart. This causes an interruption of 
current every half-revolution of the armature. 


Speed Relation between Crank Shaft of Engine 
and Cam Shaft 


On a four-cylinder, four-cycle engine, the crank 
shaft turns two revolutions (or 720°) to complete its 
four-cycle operation. The cam shaft turns 1 revolu- 
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tion} the magneto armature turns 2 revolutions; 
the magneto distributor brush, 1 revolution. 


_ Four sparks are necessary during the two revolu- 
tions of the crank shaft; therefore as the magneto 
armature turns two revolutions, the same as the 
crank shaft, it produces four sparks, or a spark at 
every one-half revolution. 


The distributor brush is geared to turn one-half 
the speed of the magneto armature; therefore, it 
will turn one revolution (360°) to two revolutions 
of the crank shaft. As the four contact segments 
on the distributor are spaced 90° apart, then one 
revolution of the distributor brush will make four 
contacts, producing four sparks 90° apart during 
one revolution of the distributor brush, or 180° 
apart relative to the crank shaft, or four sparks to 
two revolutions of the crank shaft. 


A two-point cam is used on the “armature type”’ 
magneto contact-breaker, which interrupts the pri- 
mary circuit twice during each. half-revolution of 
the armature. 


Four-cylinder magneto speed: Refer to Fig. 8. 
Note that when the piston makes a full stroke, or 
when the crank shaft or fly wheel of the engine 
travels from (A) to (B), one-half revolution, or 180°, 
the armature also travels 180°. Both travel at the 
same speed. - 
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Figs. 8 and 8A. A magneto for a four-cylinder engine. 


The four-cylinder engine requires four sparks 
during two revolutions of the crank. The armature 
gives two sparks or impulses every revolution, there- 
fore, traveling at the same speed as the engine crank, 
it will give four sparks during two revolutions. 


The distributor would be geared for one-half the 
speed. Every time the crank shaft moved 180°, or 
one-half revolution, the distributor brush would 
move 90°, or one-quarter of a revolution. 


The distributor always runs at one-half the speed 
of the crank shaft on all four-cycle engines. 


On a six-cylinder, four-cycle engine, the crank 
shaft turns two revolutions to complete the four- 
cycle operation, just the same as the four-cylinder 
engine. The cam shaft also turns the same as the 
four-cylinder engine, that is, one revolution to two 
of the crank shaft. 

But six sparks are necessary during the two 
revolutions of the crank shaft, because the crank 
shaft is divided: into three pairs of throws (see page 
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45), each pair firing 120° apart, or one-third of a 
circle. It is then necessary to gear the magneto 
armature so that it will turn three times to the 
crank shaft’s two, or one and one-half times to each 
revolution of the crank shaft. The armature pro- 
duces three sparks during one and one-half revolu- 


ae or six sparks during three revolutions (see Fig. 
9). 


The distributor brush must turn one revolution to 
the crank shaft’s two; therefore, if the armature 
turns three times when the crank shaft turns two 
times, the distributor is geared from the armature 
shaft to turn one revolution when the armature 
turns three revolutions, or one-half revolution when 
the armature turns one and one-half revolutions. 


As the six contact segments on the distributor are 
set 60° apart, then one revolution of the distributor 
brush will make six contacts, producing six sparks 
60° apart during one revolution of the distributor 
brush, or 120° apart relative to the crank shaft, or 
six sparks to two revolutions of the crank shaft. 


Six-cylinder magneto speed: Refer to Fig. 9. 
Note that when the piston makes a full stroke, or 
when the crank shaft or fly wheel travels from (A) to 
(B), or 180° or one-half of a revolution, the armature 
would turn three-quarters of a revolution, or 270° 
(A to B). 
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Figs. 9 and 9A. A magneto for a six-cylinder engine. 


Therefore if the crank pin made one complete 
revolution, the armature would make twice three- 
quarters or one and one-half revolutions. During 
this one and one-half revolutions it would have 
made three impulses. 


When the engine crank makes another revolution, 
then the magneto armature would have made one 
and one-half revolutions more, or three revolutions 
to two of the crank; therefore, it would make six 
sparks during the three revolutions of the armature, 
or two revolutions of the crank shaft. Therefore 
the armature is geared to run one and one-half 
times as fast as the crank shaft. 


The six-cylinder engine crank must make two 
revolutions to complete its four-cycle operation; 
therefore it would require six sparks during its two 
revolutions (720°). 


The distributor, however, having the six plug 
connections to make during one revolution of its 
rotating brush (B), would have to be geared so it 
would make a connection every 60°, or 1/6th of a 
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revolution. For instance: If the crank shaft 
traveled one-half of a revolution, or 180°, the dis- 
tributor would travel 90°, or one-quarter revolution. 


If the crank shaft traveled one revolution, or 360°, 
the distributor would travel 180°, or one-half reyo- 
lution. 


If the crank shaft traveled two revolutions, or 
720°, the distributor would travel 360°, or one 
revolution. 


if one of the cylinders fired every 120°, or one- 
third of a revolution (there being six cylinders to 
fire during two revolutions, or 720° travel of the 
crank) then we would need six sparks or impulses 
during 720° travel of the crank. 


The distributor being geared one-half the speed 
of the crank shaft, the segments would be placed 60° 
apart; therefore, when the crank shaft traveled 120° 
and required a spark, distributor brush (B) would 
travel 60°. There being six segments 60° apart 
this would give six sparks or impulses during two 
revolutions, or 720° travel of the crank, or one revo- 
lution, or 360° travel of the distributor brush (B). 


Magneto Distributor Speed 


Fig. 10: Illustrates the ratio of gearing between 
the armature and distributor gear on the four and 
six-cylinder magneto (four-cycle). 


Fig. 10 


On a four-cylinder engine, the armature and cam 
(C) turn at the same speed as the crank shaft, but 
the distributor rotor (DA) turns once to the crank 
shaft’s twice. 


On a six-cylinder engine, the armature and cam 
(C) turn one and one-half times to the crank shaft’s 
once, or three revolutions to the crank shaft’s two, 
but the distributor rotor (DA) turns once to the 
crank shaft’s twice, 


__ On the distributor of four-cylinder magneto (see 
illustration, Fig. 8), the contact segments (S) are 
90° apart. 


On the distributor of six-cylinder magneto (Tig. 9) 
the segments (S) are 60° apart. 


Distributor Connections: Relation of Distrib- 
utor Connections to Cylinders 


The following discussion applies to distributors 
on coil and battery ignition as well as magneto 
ignition. 

Before the magneto distributor can be connected 
with the spark plugs, the firing order of the engine 
should be determined, and in the case of four- 
cylinder four-cycle engines, the firing order must be 
either 1, 3, 4, 2, or 1, 2, 4, 3, or if a six-cylinder 
engine, it would probably be 1, 5, 3, 6, 2, 4, or 1, 4, 


2, 6, 3, 5. The firing order may be determined by 
cranking the engine slowly and observing the order 
in which the inlet or exhaust valves operate, this 
order of operation being identical with the firing 
order. 


The method of connecting the spark plugs with 
distributor on four-cylinder engines is shown below 
in Figs. 11 to 15, when the engine is firing 1, 3, 4, 2, 
or 1, 2, 4, 3. Note also the different method of 
connection when the magneto runs clockwise, and 
counter-clockwise. Clockwise means in the same 
direction as the hands of a clock move; counter- 
clockwise, in the reverse direction. 


Note that when the armature revolves in one 
direction, the distributor revolves in the opposite 
direction. This is due to the motion of the gears. 
In the case of a magneto, the direction of rotation 
clockwise or counter-clockwise, is always stated by 
viewing the magneto from its shaft or driving end. 


é f 
Distributor End 


; Fig. 11. Magneto armature is running counter-clockwise, 
if viewed from the drive end (opposite the distributor end). 
The distributor rotor is revolving as shown by the arrows, and 
is connected with the cylinders, so that the firing sequence of 
the cylinders is 1, 3, 4, 2. 
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_Fig. 14. Magneto armature is now running clockwise. The 
distributor rotor is revolving as shown by the arrows, and is 
connected with the cylinders, so that the firing sequence in 
the cylinders is 1, 2, 4, 3. 


Never allow the ignition wires to lie on or near 
the exhaust pipe, as the insulation will burn off and 
lay the wire bare, causing a short circuit. 


Fig. 15. K.W. high-tension magneto used as an example 
showing connections of spark plug wires to distributor on a 
four-cylinder engine, when firing 1, 2, 4, 3, or 1, 3, 4, 2, and when 
distributor brush rotates right-hand or left-hand. RH means 
arm (B) turns to the right hand, when cam (C) turns to the left; 
LH means arm (B) turns to the left hand, when cam (C) turns 
to the right; P, platinum contact points on interrupter; R, 
roller raised by cam (C) which causes separation of (P); A, 
interrupter or contact-breaker housing. 
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How to Connect Spark-Plug Cables with 
Distributor 


It will first be necessary to determine the firing 
order of the cylinders of the engine. 


If the firing order on a four-cylinder engine, for 
example, is 1, 2, 4, 3, then the direction of rotation 
of the rotor of the distributor is the next point to 
determine. See Fig. 15. 


If cam (C) turns to the left when viewed from the 
front, set the distributor rotor (B) on segment (S) 
and connect cylinder No. 1 with (S). The next 
segment of the distributor in the direction of rotation 
(RH) would be connected with the second cylinder, 
the next with the fourth cylinder, and the next 
with the third cylinder. 


If the cam turns to the right, when viewed from 
the front, place (B) on segment (S1) and connect 
cylinder No. 1 with (S1), then connect the segment or 
cable coming next in the direction of rotation with 
the second cylinder, the next with the fourth 
cylinder, the next with the third cylinder. 


If the engine fires 1, 3, 4, 2, connect in the same 
manner so that the rotation of brush (B) will cause 
the engine to fire 1, 3, 4, 2, in order as they come. 


If cam (C) is turned to the left, by shifting the 
interrupter housing down, by movement of lever (A), 
the spark would occur earlier, or “advanced.” If 
(A) was shifted up, with cam (C) rotating to the 
left, the spark would occur later, or retarded. 


Fig. 15 is that of the K. W. high-tension inductor- 
type magneto. It will be observed on page 246 
that this magneto differs from the armature type 
and other magnetos, in that it gives four sparks or 
impulses per revolution of armature instead of two. 
By using a two-point lobe cam (C) and revolving 
armature and cam (C) at crank-shaft speed, there 
are but two interruptions of the primary circuit per 
revolution of armature and crank shaft, or four 
interruptions or sparks for two revolutions. 

The distributor rotor, like all other ignition dis- 
tributors, revolves one revolution to the crank 
shaft’s two. 


MAGNETO INTERRUPTERS! 


The purpose of the interrupter, also termed a con- 
tact-breaker, and breaker-box, is to open the pri- 
mary circuit when the magneto armature is at 
maximum position, as explained on pages 253, 289. 


The interrupter housing can be shifted by move- 
ment of lever (L), so that the interruption will occur 
advanced or retarded; as shown in Fig. 1. 


Fig. 1. Interrupter or contact-breaker as used on the 
Bosch “DU4”’ high-tension magneto. 


1 TheS.A.E. designates the interrupter as ‘breaker box.” The 
term “interrupter” is used in this book, owing to the fact that 
this term is the one more commonly adopted, In some 
instances the change will be made. 


On the “armature-type”’ magneto, the armature 
is in a maximum position twice during one revolu- 
tion; therefore, if the interruption occurs twice 
during a revolution of the armature, two sparks will 
occur during one revolution. See page 253. 


In order that the interrupter or contact-breaker 
points (A) and (B) (Fig. 1) may be separated twice 
during one revolution, two fiber cams (G), placed 
180° apart, cause the points to separate twice during 
one revolution. 

Note the arrangement in Fig. 1. Here we have 
two cam blocks (G) stationary to the inside of the 
interrupter housing (F) placed 180° apart. As the 
disk (D) revolves, the parts C, H, E, B, A, and X 
revolve with it. 

At the extreme end of (C) is a projection (X). 
When this fiber projection (X) strikes cam-block (G), 
the platinum point contacts (B and A) are opened. 
(H) is a spring provided for holding the points 
together at other times. (K) is a flat metal spring 
which connects with terminal (M) and is used to 
carry current to grounding switch (see Fig. 1, page 
256). 

Interrupter Cams 


The interrupter is constructed in various forms. 
The principle, however, is about the same. 
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The interrupter on the four-cylinder, as well as on 
the six-cylinder engine magneto, must interrupt the 
current twice during one revolution. Therefore a 
cam with two projections placed 180° apart, as 
shown in Fig. 2, would serve the same purpose as 
the cam blocks (G) in Fig. 1. 


Fig. 2. Interrupter or contact-breaker used on the Remy 
““RL” magneto, 


In Fig. 2, the cam revolves on the end of the 
armature shaft, thus at the same speed as the arma- 
ture. 


The production of the spark at a definite time is 
therefore controlled by the cam. 


On a single-cylinder engine, requiring but one 
spark during two revolutions of the crank shaft, a 
single cam (Fig. 3) is used which is attached to the 


Fig. 3. Single-spark cam. Fig. 3A. Two-spark cam. 
end of the armature, which revolves one-half the 
speed of the crank shaft. 


The usual practice, therefore, is to pass over one 
of the two “maximum” positions of the armature, 
simply by omitting one of the two cams, thus leaving 
the primary winding short-circuited. Therefore as 
the magneto is driven at cam-shaft speed in this 
instance, a single spark is obtained. 


On a four-cylinder engine, the cam would open 
the interrupter twice during one revolution. There- 
fore it would run at the same speed as the engine, 
causing four openings during two revolutions, and 
would have two high points or lobes, as in Fig. 3A. 


Speed Relation of Interrupter Cam and Mag- 
neto Armature to Engine Crank-shaft 
Speed! 


The following refers to a four-cycle engine where 
a two-lobe cam is used on an armature-type mag- 
neto. 


Two aad four-cylinder engines: half the speed of the crank 
shaft. 


Abrecroylinder engines: at three-quarter speed of the crank 
shaft. 


pia Under engines: at one and one-half speed of the crank 
shaft. 


Hight-cylinder engines: twice the speed of the crank shaft, 


The interrupter gap clearance mentioned above 
refers to the opening of the interrupter points when 
the cam is in such a position as to open the points 
to their fullest extent. 


1Two-cycle engines: one and two-cylinder engines, same 
speed as crank shaft; three-cylinder engine, one and one-half 
the speed of crank shaft; four-cylinder engine, twice the spee 
of crank shaft; six-cylinder engine, three times the speed of 
erank shaft, 
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If the gap clearance of the interrupter points is not 
correct, the adjustment can be made by revolving 
the armature by hand until the arm (X) (Fig. 1, for 
example), is on the high point of cam (G), which 
causes the points (A and B) to separate fully. Then 
loosen lock nut (N) and adjust screw (S) until the 
proper clearance is obtained. Be sure and tighten 
the lock nut. 


Widening the interrupter air-gap causes the inter- 
rupter points to open earlier, because, when lower- 
ing the screw (S, Fig. 1), the point (X) on arm (C) 
will begin to rise earlier, causing a spark to occur 
when the magneto armature is at a more favorable 
position—giving a more intense spark. Closing of 
the gap, by turning screw (S) up, is just the reverse 
of the foregoing. Usually, a small flat wrench is 
provided with the magneto for adjusting. 


The proper opening as well as the quick opening of 
the interrupter points is a very important factor. 
See pages 257, 258, 252, 190, and read carefully. 


If the engine misses with the spark retarded (and 
misses more at low than at high speed), the contact 
screw should be screwed out a notch at a time until 
the missing is overcome. 


If the engine misses with the spark advanced 
(and more at high speed than at low), the contact 
screw should be screwed in a notch at a time until 
the missing is overcome. 


As previously stated, there are many different 
methods adopted by the various manufacturers for 
opening the interrupter points. 


Fig. 4 Fig. 4A Fig. 4B 

The Bosch is shown in Fig. 1 and in Fig. 4. In 
this the moving contact (X) is carried on a bell 
crank which rotates with the armature shaft, the 
cams (G) being inside the breaker box. 


For the Dixie, see Fig. 4A and page 274. The 
cam revolves with the armature shaft operating a 
bell crank (C), which remains stationary so that 
adjustments can be made while running. 


For the Eisemann, see Fig. 4B and page 269. 
This consists of two spring members separated by a 
fiber (S) piece; one of the springs carries the moving 
contact point. The cam is stationary. 


For the K. W., see Fig.4C. The cam (C) revolves 
against roller (R), thus opening contact, points (P) 
Re the highest point of the cam is against roller 
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Interrupter Gap Clearance 


There is one adjustment on the magneto which 
needs watching: that of the platinum point breaker 
contact screw. The interrupter air-gap clearance 
adjustment should be made so that the maximum 
break of the platinum points is about .015” to .020’’, 
which varies slightly on different magnetos as 
follows: 

Bosch, approximately .016/1 

Berling, approximately .015” 

Dixie, approximately .020’” 

Eisemann as shown on page 270, .012” 
Other Hisemann magnetos .016” 

Remy low-tension .020/’ 

Remy high-tension .020 to .025’. 
K.W. high-tension 1/64’ 


The interrupter adjusting screw is very delicate 
and needs to be adjusted carefully. If the platinum 
points are “pitted,” then they should be filed down 
flat with a very fine jeweler’s file. (See pages 221, 
225). Keep oil away from the points. 
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_Common contact-breaker troubles are: insuffi- 
cient lubrication causing wear; loose breaker bar; 
fiber bumper worn. 


Spark Plugs for Magneto Ignition 


The spark plugs used should be those recom- 
mended by the manufacturer because, in some 
instances, the points of the plugs are of a higher 
resistance metal. The average gap for magneto 
ignition is .020’, or about 1/64”, and on battery 
and coil ignition, .025’” to .030”. 


The spark-plug gap recommended by some of 
the magneto manufacturers is as follows: 


Berling 4a. rshitestis ies 030” 
Bosch mes ts cists cetetnslonsmortoent 016” to .020” 
(“NU4” is .016’’) 
TUNIS Me visite oh viel ace ales epsretavernrels 025/71 
Hiseman spit aciaresieeleteeiree 025” 
FW oreo ccchetahnaiet cues) sloreiete. sre teeters 1/64” 
Remiya(lowita levee cee ceeieiie: 0257 
Remy (high’t.). 25 eee. 030” or 1/32” 


SETTING TIME OF SPARK OF MAGNETO 


There are three general positions of the piston 
for setting the time for the spark with the magneto: 


1. Top of compression stroke. 
2. After top of compression stroke. 
8. Before top of compression stroke. 


A variable spark is where the breaker can be 
shifted to advance or retard the time of spark. 


A fixed spark is where the breaker (or inter- 
rupter) is set or fixed at one position and cannot be 
varied (see page 289). 


In setting a magneto of the fixed-spark type, the 
instructions for moving the breaker housing to the 
extreme advance or retard position are to be dis- 
regarded. The magneto should be set so that the 
spark occurs at the most advantageous point in the 
cylinder. This should be decided upon by the engine 
manufacturer, but where such information is not 
available, the spark should occur at top-center. 


In setting a magneto of the variable-spark type, 
one of three methods can be used: 


(1) By setting the piston on top of the compres- 
sion stroke and setting the magneto breaker 
retarded. In this instance the most advantageous 
position of the piston for the spark to occur, when 
the breaker is fully advanced, is determined by how 
much advance the magneto is capable of giving. A 
high-speed engine requires more advance than a 
slow-speed engine. Magnetos vary from 22° to 35° 
or more. However, this is the average and general 
setting. This is termed “setting piston on top and 
ignition retarded.” 


(2) Sometimes, on truck and tractor engines and 
others, the spark is made to occur when the piston is 
slightly down after the compression stroke, and 
the breaker is retarded. This would not permit 
advancing the spark so far ahead of the stroke— 
unless a magneto with a greater range was used, but 
this is done on slow-speed engines and where very 
slow running or idling is desired. 

(3) Setting the piston before the top of the com- 
pression stroke and advancing the breaker would 
be termed “setting ignition advanced.” The point 


1See Index for ‘‘Conversion of thousandths of an inch in 
decimals to fractions of an inch,’’ 


to determine here, as to where to set the piston, 
depends entirely upon where you wish the spark to 
occur when the breaker is fully retarded. For 
instance, suppose the magneto range of advance 
was 35° and you wished the spark to occur on top 
of compression stroke: simply set piston 35° before 
top, with the magneto breaker full advanced. This 
would mean the same thing as setting the piston 
on top with the magneto retarded. 


Setting the High-Tension Magneto ‘“‘Retarded 
on Top’’ 


The average plan for setting a magneto: Where 
the magneto has been removed from the engine and 
its connections were not previously marked, it can 
be retimed as follows: 


1. Place No. 1 piston on top of compression stroke. 
To find compression stroke, see pages 307, 70. 


2. Uncouple magneto from its drive shaft. If the 
magneto cannot be uncoupled, then time from 
magneto gear and gear driving it, by taking them 
out of mesh. 


3. Retard the breaker box (also called interrupter) 
(F) (Fig. 5), by turning it in the direction of 
rotation of the armature shaft, as far as it will go. 


4. Turn the armature in the direction of rotation 
until the distributor arm (DA) is on segment (S) ° 
of No. 1 spark-plug cable connection; then turn 
the armature one way or the other slightly, until 
the interrupter arm (A) is just starting to separate 
the platinum point connection (P) with (K), 
which of course is caused by cam action, as 
shown. In other words, just when the points 
start to separate is the time to set the magneto. 


5. Couple the magneto shaft, or mesh the gears 
driving the magneto, at this point, being careful 
not to move either the armature or piston. 


6. Now see that the wire cables from the distributor 
are properly connected, as explained on page 295. 
In this instance, by looking at the distributor 
connections and noting direction in which rotor 


(DA) turns, the firing order would be 1, 3, 4, 2. 


1.025” on four and six-cylinder engines, and .020’ on eight- 


d cylinder engines. 
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The foregoing setting is for retarded position of 
interrupter and piston on top. This setting would 
allow the spark to occur considerably before the 
piston reached top of stroke when the interrupter 
was advanced, which is usually the case with high- 
speed engines, and the average and usual setting. 


PISTON ON TOP CENTER 
OF COMPRESSION STROKE 
“OFNOACYL. 


DISTRIBUIER ARM ON Hl 
NOT CYLINDER sEG- 
MENT 4 


SPARK 
PLUG d 
CABLE —>+f¥ 


INTAKE S EXHAUST Lee 
VALVES 


») 
ome ABavT, 
TO OPEN 


Fig. 5. Diagram showing how a high-tension magneto is 
usually timed; interrupter housing (F) is retarded and the 
piston is placed on top center of the compression stroke. 


No hard-and-fast rule can be given in the absence 
of specific instructions of the manufacturer, as to 
the best piston positions corresponding to full 
advance and retardation; but, in general, a trial 
setting on the average plan (as in Fig. 5) might be 
tried, in which the gear wheels are meshed so that, 
with the contact-breaker fully retarded, the piston 
is on top of the compression stroke. 


If it is found that the contact-breaker cannot 
be properly retarded at slow speeds, without the 
engine tending to knock, another setting must be 
ene and the piston moved farther on the firing 
stroke. 


After a few trials and after carefully noting the 
pull of the engine, the best setting for the particular 
' conditions will be attained. 


The “breaking” distance between the platinum 
points should be .015” to .020’. The amount of 
tange provided for advancing and retarding is 
greater on some magnetos than on others; an 
average range is from 22° to 35°. 


Setting Magneto “‘Retarded—After Top”’ 


If a manufacturer’s instruction said, ‘‘Place piston, 
say, 4” down after center of compression stroke 
with breaker box retarded,” then this would not 
permit advancing the spark so far ahead of the 
stroke. In some instances, this is done on slow- 
speed engines and where very slow running or idling 
is desired, as on truck and tractor engines. 

Note. The armature turns in the opposite direction to the 
‘listributor. Therefore always note the direction in which 


the distributor turns before connecting cables to plugs. To 
tell how an engine fires, sce pages 79, 78. 
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The breaker box (F) is stationary. The arms 
(A) and (K) revolve with the armature (Fig. 5). 


Usually when viewing the magneto from the front 
of the engine, the magneto would be facing in the 
opposite direction to that shown in Fig. 5, ie., 
towards the flywheel, as the rear end of a magneto is 
usually driven from the front of the engine. 


When the breaker points are just breaking, the 
armature cheek, breaking from the pole, is in correct 
position, as it was set at the factory; this is true, 
likewise, of the speed of the distributor to the arma- 
ture. 


How the Instructions for Setting a Magneto 
Vary 


(1) Set by marks on flywheel. Usually desig- 
nated on the flywheel by a mark (C) or (F). This 
mark is placed in line with a punch mark on the 
cylinder which indicates that piston No. 1 is on 
compression stroke and the magneto is to be set 
advanced or retarded as instructions may be given, 
at this point. 


(2) Set by inches. Should the time for the spark 
to occur be given in inches, for example, ‘‘time for 
spark to occur is full advanced position measured 
346” on flywheel, before upper dead center,” as is 
the case in the instructions given to set the valves 
on the Simplex engine, which is 43%” bore, 614” 
stroke, and 1834” flywheel: 


To do this, set the spark lever or breaker on the magneto at 
“full advance’ position. Then turn the flywheel until the top 
center of compression stroke is reached. At this point a 
center mark on the flywheel is in line with a center mark on 
the inspection hole. To have the spark occur 314”, as meas- 
ured on the flywheel, would mean to turn the flywheel back 
or before top of compression stroke until this center line was 
319” away from the center line on the inspection hole. This 
would be the position for the spark to occur in. 


The armature of the magneto would then be uncoupled, the 
breaker advanced, and the armature turned slightly until 
points were just starting to separate. The coupling would 
then be tightened. This setting would cause the spark to 
occur 21° before top of compression stroke, with breaker hous- 
ing advanced. (The value of degrees relative to that of inches 
was found by referring to the table on page 299.) 


(3) By measurement of armature from pole 
piece, as in Figs. 7 and 7A (page 288). Note (e), 
which is the distance the armature is to be set with 
piston on top and breaker points separating (see 
“Synchronizing distributor with armature’’). 


(4) By sight hole, as in Fig. 6 (page 299). 


(5) By degrees: Should the firing position be 
given in degrees, the movement of the piston, 
measured in inches corresponding with any given 
number of degrees of the crank shaft (where the 
relation of the crank shaft throw to the length of 
the connecting rod is as 1:4.5),1 may be determined 
by reference to diagram, page 299. 


Example: Suppose you were instructed to set the spark 34° 
efore top of compression stroke—‘‘advanced,” on an engine 
with 514” stroke. 


_ (a) Turn to table on page 299; find 513” at bottom. Next 
find 34° to right. Follow instructions for finding result given 
in chart. The distance in inches at which to place the piston 
would be midway between 14” and 34” from top. 


(b) With this information you would then proceed to 
place the piston, say, within 5/16” of top of compression stroke, 


(c) The interrupter housing would then be full advanced 


and the armature turned in direction of rotation until the cam 
Just started to separate the interrupter points, 


1See footnote, page 299, 
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Fig. 6. Magneto setting by sight hole. 


In some magnetos, ‘“‘ZR”’ Bosch, for instance, the 
magneto can be set by observing the sight hole. 


The piston is placed to firing position, for full 
advance position. This point is determined by 
the engine manufacturer. 


The armature is then rotated until the figure 1 can 
be seen in the window in the face of the distributor 
plate, which indicates that the distributor rotor is 
on No. 1 segment to fire No. 1 spark plug. The 
cover of the oil well is then raised, and the armature 
turned a few degrees in one direction or the other until 
the red mark on one of the distributor gear teeth is 
brought into register with red marks on the side of 
the window. The magneto is then turned for full 
advance position, and the gear or coupling is 
secured tc the armature shaft. 


Setting Magneto by Degrees 


A diagram for determining the advance in 
“inches,” or a fraction thereof, to set the piston 
when the stroke is known and when the time to set 
the spark is expressed in “degrees,” is shown in 


io 72 


Advance in degrees. 


Piston Travel in inches. 


7. 7% (B 


3 3% 414%, 5 54.6 6% 
Stroke in inches. 


Fig. 7 


The relation of the piston travel to the rotation 
of the crank shaft depends on the stroke and the 
length of the connecting rod. 


11:4.5 is a ratio equation and means, as 1 is to 45/10, or, in 
other words, the connecting rod is 4} times longer than the 
erank throw. J 
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The piston travel of an engine! is easily deter- 
mined, and the determining of the rotation of the 
crank shaft in degrees, corresponding to any desired 
piston travel, may be ascertained from the accom- 
panying diagram. In this diagram the relation 
between the crank and the connecting-rod length is 
as 1:4.5 (see footnote). 


In the diagram the vertical lines numbered at 
the bottom give the stroke of the engine in inches, 
the rotation of the crank shaft in degrees being 
indicated by the slanting lines and the figures at 
the right. 


_ The figures on the left and the horizontal lines 
indicate the piston travel in inches. 


As an example in the use of the diagram: It may 
be desired to find the piston travel for an advance 
of 30° on a motor of 6” stroke. The vertical line 
for the desired stroke may be identified by the 
figures at the bottom of the diagram; and this 
vertical line may be followed upward until it cuts 
the diagonal line indicating the desired number of 
degrees, which is 30° in the present case. 


The horizontal line nearest this point should be 
followed to the left, until it meets the diagonal line, 
and this should be followed to the left-hand side. 
In the present instance it will be seen to indicate 
about 4’”’.. This gives the advance in inches, cor- 
responding to 30°. 


Timing the Bosch Dual Magneto 


This system is explained on pages 267 to 269. Note that 
there is a battery interrupter and a magneto interrupter (see 
Fig. 11, page 267). Although both are in the same housing on 
the front of the magneto, but one setting—that of setting the 
magneto interrupter—is necessary. : 


The battery interrupter is so arranged that it will then inter- 
rupt or break its circuit approximately 10° later than the mag- 
neto interrupter; this feature gives the full timing range of 
the magneto. For instance, if the timing lever is fully retarded 
and the magneto interrupter is set to break when the piston is 
on top of compression stroke, the battery interrupter, with the 
switch in battery position, would break slightly after top, or 
10° later. Therefore set the magneto interrupter just the same 
as you would set the Bosch independent type of magneto. 


Timing the Bosch Independent Type 


Place the piston on top of the compression stroke with the 
interrupter retarded as explained on page 297. 


The magneto points on the dual system should be adjusted 
to open about 0.35 millimeters, or slightly under 1/64”, and 
the interrupter points full 1/64’. The spark-plug points should 
have a gap of about 1/64” to .025”. 


Timing the Remy Magneto, Model ‘‘RL”’ 


Model “RL” is to be timed to the engine by the break of 
the contact points. When the piston is on exact dead firing 
center, the cam house must be in full retard position, and the 
platinum points must just be separating. 


The high-tension cable from this cylinder, which is in exact 
dead firing center, should then be connected to the distributor 
terminal, to which the distributor segment, which is opposite, 
corresponds, 


The remaining distributor terminals should then be con- 
nected up in the proper firing order of the engine. 


The position of the ‘‘inductor”’ or ‘‘rotor” type of armature is 
just the same as on a “‘shuttle” type armature; the interrupter 
should just be breaking when the “rotor’’ is just leaving the 
vertical position. 


Sectional cuts explaining the Remy magneto, with its induc- 
tor type of armature, are shown on page 247. Set the breaker 
points at .025” gap. 


Timing the Eisemann Magneto, Dual System 


To set this type, turn the engine by hand until the piston of 
No. 1 cylinder is on the dead center (compression stroke). 
Place the timing lever of the magneto to fully retarded position, 
then turn the armature of the magneto until No. 1 appears at 
the glass dial of the distributor plate. Make sure that the 
platinum contacts of the magneto are Just opening. Fix the 
driving medium in this position. 

In order to insure absolute safety when cranking on the bat- 
tery, the contact-breaker of the battery system is arranged so 
that it will open 10° later than the magneto contact-breaker. 
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Timing the Splitdorf Low-Tension Magneto 


Set the piston on top of compression stroke with the inter- 
rupter retarded: 


Now revolve the armature shaft in its direction of rotation 
until the oval breaker cam comes in contact with the breaker 
bar and just begins to separate the platinum contacts. Set 
the coupling or gear at this point. 


Berling High-Tension Magneto 


The model ‘‘H-41”’ four-cylinder engine magneto is shown 
in Fig. 8. 


Fig. 8. A phantom view of the ‘‘E-41” Berling high-tension 


magneto. A ‘‘gap-distributor’” is used. Usual setting; re- 
tarded, pistonon top. Interrupter adjustment, .015” to .019”; 
plug .031”. (Hricsson Mfg. Co., Buffalo, N.Y.) 


Simms Magneto 


A special feature of the Simms magneto is the design of the 
pole pieces which have extensions on the edges following the 
direction of rotation of the armature, These extended edges 
keep the edges of the armature shuttle within influence of the 


Fula 
ADVANCE 


Fig. 9. Special pole piece used on Simms magneto to give 
equal spark intensity at all speeds. 


pole in all positions from full advance to full retard. That is 
to say, that at the moment of breaking the current the edge of 
the shuttle is never widely separated from the edge of the pole 
piece. Therefore the current is generated at low or high 
speeds without much loss of intensity. 


Checking Ignition Timing of Magneto 


When the gears which drive magneto or timer 
are disengaged, be sure they are marked as indi- 
cated in Figs. 10 and 11. When connecting high- 
tension wires, first learn the firing order, and then 
connect as explained on page 295. Remember, the 
distributor on a magneto revolves in a direction 
opposite to that of the armature, For instance, 
see Fig. 10: crank gear (C) revolves to the left 
(view supposed to be from rear of engine); idle 


gear to right; magneto gear to left, and distributor 
to right. 


Fig. 10. Rear view of engine. 


In Fig. 10 the rotor of distributor (D) turns in a 
clockwise (right-hand) direction, so that it next will 
make contact with the stationary segment No. 2. 
As the engine fires 1, 3, 4, 2, the cable N o. 2 should 
lead to No. 3 cylinder, No. 3 to No. 4 cylinder and 
cable No. 4 to No. 2 cylinder. 


Re-Meshing Timing Gears 
To assemble gears if removed (Fig. 11): Turn 


Fig. 11. Showing front view of engine. 

flywheel until Nos. 1 and 4 pistons are at top-dead- 
center, with No. 1 ready to fire (top of compression 
stroke). Key the crank-shaft gear (C) and cam-shaft 
gear (S) to shafts so that Fig. 1 on each will mesh. 
Then replace idler gear (I) so that Fig. 2 on it will 
mesh with Fig. 2 on the crank-shaft gear. Then 


mesh Fig. 3 on the magneto gear (M), with Fig. 3 
on the idler gear. 


Synchronizing Distributor with Armature 


Synchronizing the interrupter points, cam, and 
distributor: If the magneto has been entirely dis- 
assembled, proceed as follows: 


Bosch “DU4” as an example: (1) place the dis- 
tributor brush on the segment—just starting; (2) 
place armature in direction of rotation 3/32’ from 


pole shoe—just breaking; (3) breaker to start open- 
ing must be advanced. 


Bosch “DU4,” model 5: (1) place the brush in 
the center of the Segment; (2) armature 1/16” from 


pole shoe; (3) breaker points will start to open at 
full retard. 


Bosch dual system: (1) place the brush 1/16” 
on the segment; (2) armature breaks from pole 


1/64”; (3) breaker points will Separate at full 
advanced position. 


K. W. High-Tension Magneto Circuit 


This is the inductor type of magneto explained 
on page 246. : 


The rotor, with paddles (A) (B), revolves between 
the poles of the magnets (not shown here), and the 
magnetic lines-of-force pass through the rotor in 
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the direction shown by the small arrows, then in 
the reverse direction, and so on. 


Fig. 12. Diagram of operation of the K-W magneto. 


This reversing and moving of the magnetic lines 
causes current to be generated in the primary coil 
or winding (X). The current passes through the 
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circuit-breaker arms (F) and (G) and through the 
metal of the engine (ground) back to the coil. 


When this current in the coil (X) gets to the proper 
point, the cam on the end of the shaft (H) presses 
down the roller in the little arm (G) and pulls apart 
the breaker points (J), thus breaking the current 
in the primary circuit. 


_ The stoppage of current in the primary coil (X) 
instantly causes a high-tension current to be 
induced in the secondary or outside coil (Y). 


This high-tension current is carried up and 
delivered to the distributing arm (E). 


This distributor arm (E) is for the purpose of 
distributing high tension to the different terminals 
1, 2, 3, 4, which are in turn connected to the spark 
plugs in the cylinders in the order in which they 
fire. This arm (E) is so timed that it reaches one of 
these terminals just as the breaker points open in a 
primary circuit, that is, just as the high-tension 
current is being generated. 


This distributor arm is shown delivering current 
through terminal No. 1 to spark plug No. 1, whence 
the current jumps across the gap to ground (that is 
through the metal of the engine), back to the end 
of the secondary coil. 


SETTING TIME OF SPARK—MISCELLANEOUS IGNITION SYSTEMS 


The timing of ignition is merely a procedure 
where the lever controlling the advance and retard 
of the spark is usually set retarded, advanced, or 
midway between full retard and full advance when 
the piston is either on top, before top, or after top 
of compression stroke. 


In order to understand clearly the meaning of 
“advance and retard,” see Figs. 1 and 2. 


AFTER 
TOP 


ADVANCED_ 


FULL 
ADVANCE 
SS 
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Fig. 1 Fig. 2 


The illustrations are exaggerated as to the actual 
distance at which the piston is placed before or 
after top of dead center. An ignition commutator 
is illustrated to explain the principle, but the 
principle applies to a magneto breaker-box, battery, 
and to a coil system of interrupter, or to any type 
of contact-breaker for an ignition system. 


Note in Fig. 1 that the commutator arm (A) is at 
full advanced position. Thus the time of the spark, 
or when contact is made in this instance (contact 
would be broken if an interrupter was used instead 
of a commutator), would occur a considerable time 
before the piston was at top of its compression 
stroke. Thus the spark would occur at full ad- 
vanced position. 


Note in Fig. 2 that the commutator arm (A) is 
moved in the direction of rotation to a full retarded 
position. Therefore the contact would be made 
later than in Fig. 1, or retarded, or after the piston 
was over the top dead center of compression stroke 
and part of the way down on power stroke. 


On a magneto or coil-and-battery system of 
ignition, the interrupter housing is advanced and 
retarded in the same manner, except that the points 
of the interrupter are made to open at a certain 
time instead of contact being made, as with a com- 
mutator. 


Thus the object of setting the ignition is to set 
the contact-breaker so that the spark occurs either 
in an advanced position when (or before) the piston 
is on top of the compression stroke, or in a retarded 
position when piston is past the top of dead center 
of the compression stroke. 


For instance, if the contact-breaker was set at 
full retard position when the piston was on top of 
its compression stroke, this would allow for a wide 
range of advance before top. 


On many engines and ignition systems this prac- 
tice is followed out, but on others, the contact- 
breaker housing is set at a full advanced position 
at a certain point before the piston is at the top of 
its compression stroke, as indicated by a mark on 
the fly wheel. For example, let us take the timing 
of ignition on the Studebaker ‘‘Light-six,” using 
either a Wagner or Remy coil and battery ignition 
system. The instructions follow. 


Timing the Spark on Studebaker “ Light-Six”’ 
Coil and Battery Ignition System 


This car uses an automatic and manual advance of the spark, 
and either the Wagner or Remy coil and battery ignition 
system is used. 


Unless the engine has been completely overhauled, it will not 
ordinarily be necessary to readjust the timing of the spark. 
But if it has been necessary in making repairs to disturb the 
relation between the cam-shaft sprocket and the distributor 
shaft, the following instructions should be carefully followed. 


Remove No. 1 spark plug and crank the engine by hand until 
the piston in No. 1 cylinder has begun its compression stroke. 
The beginning of the compression stroke may be detected by 
holding the thumb over the spark-plug hole until compression 
is felt. 


The upper-dead-center position is indicated when mark 
“UP-D-C-1” on the fly wheel is opposite the pointed projection 
on the rear of the Bendix starter housing. Before this mark 
“UP-D-C-1” comes to the pointer you will notice a line marked 
“AD-SP” which indicates the manual advance spark position. 
When this line reaches the pointer, stop turning the engine and 
proceed as follows: 
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iti he timer 
Place the spark lever at full advance position. The tir 
control lever anGale then be in its extreme forward position. 
Remove the distributor cover without disconnecting wires and 
lift off the revolving segment. 


‘DISTRIBUTOR 
HEAD GLIPS 


CONTACT 
SCREW 


TIMING 
ADJUSTMENT 


CONTACT LEVER 


ADVANCE ARM 


Fig. 3. Top view of the Wagner interrupter (Studebaker). 

On cars with Wagner equipment, loosen the screw which 
holds the cam on the taper shaft. Pry the cam from its 
seat on the shaft, by using a screwdriver (Fig. 3). Turn 
the cam in a counter-clockwise direction, or to the left, until it 
reaches a position such that, when all parts are assembled, 
the edge of the revolving segment comes directly under the No. 
1 distributor terminal and the breaker points are just in the 
act of breaking. Tighten the lock screw to hold the cam in 
this position and replace the revolving segment and distributor 
cover. 


SPARK ADVANCE 
ARM CLAMP SCREW 


Fig. 4. Side view of the Remy interrupter and distributor, 


Vig. 4A. Top view of Remy interrupter (contact-breaker) 
as used on the Studebaker. : 


To time spark on cars with Remy equipment get mark ‘““AD- 
SP” opposite the pointer when No. 1 piston is coming up on 
compression and see that the distributor is assembled to drive 
so that the distributor segment will point directly to the rear. 
Then loosen clamp screw (Fig. 4) and make an accurate 
adjustment by rotating the distributor housing about the cam, 
with the advance arm at extreme forward position so that the 
points are just in the act of breaking the segment directly under 
No. 1 distributor terminal. Tighten the clamp screw to hold 
the housing in this position, Replace the revolving segment 
and distributor cover, 


To test accuracy of adjustment, make sure that electrical 
connections from battery to coil and distributor are complete. 
Disconnect from the coil the high-tension cable leading to the 


S Fully advance 
e spark lever on the stecring wheel and turn on the ignition 
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itch. Crank the engine over slowly by hand until the spark 
a eae es the coil terminal to the screwdriver. The mark 
““AD-SP” should now be direetly opposite the pointer. 


‘ : ae 
The adjustment of the spark-control rod will govern th 
retarded ads cetient This should be adjusted so that it will 
move the distributor arm against the stop for advanced and 
retarded positions. 


Timing the Spark on Mitchell ‘‘F”’ 


The ignition system used on this six-cylinder model of car 
is the Remy. The instructions are as follows: 


Ignition timing: With the circuit-breaker in full retard posi- 
tion, the circuit-breaker contact points should just start to 
separate or open when the engine is turned past dead center. 


BREAKER POINT 
ADJUSTING SCREW 


os 


DISTRIBUTOR GEAR 


Fig. 5. Top view of Remy interrupter (contact-breaker) as 
used on the Mitchell “‘F’’, 


If it should ever be necessary to retime the ignition distribu- 
tor, proceed as follows: Open all compression cocks and turn the 
engine by hand till the intake valve of cylinder No, 1 (next 
to the radiator) opens and closes, and till the mark ‘D.C. 1-6” 
on the fly wheel is in top center position.. When this has been 
done the piston of cylinder No. 1 is just starting down on its 
working stroke. 


Next place the spark lever in full retard position. Remove 
the distributor segment by pulling it up off from the shaft, dis- 
closing the nut that locks the cam. Unscrew and remove this 
nut. Loosen the cam from its snug fit on the taper of the shaft 
by prying up, rapping it at the same time. Use care not to 
mar the smooth surface of the cam. 


Reset the cam by moving it in the direction in which it rotates 
until the circuit-breaker contact points just start to separate, 
and the cam is in such a position that when the segment and 
cap are replaced, the metal blade of the segment will be nearest 
the extension in the distributor cap connected to the spark plug 
in No. 1 cylinder. Rap the cam down in this position, and 
tighten the nut. The next distributor-cap terminal in a 
counter-clockwise direction from the terminal connected to 
cylinder No. 1 is to be connected to the spark plug of cylinder 
No. 5, the next to No. 3, the next to No. 6, the next to No. 2, 
and the next and last to No. 4. 


Spark plugs: Failure of spark is sometimes due to the gap in 
the spark plug becoming clogged with carbon or oil. This gap 
should measure .022’. 


Too large a gap may cause missing on a hard pull or when 
accelerating at very low speeds. With too small a gap, the 
engine may operate unevenly at idling speeds and miss at 
higher speeds. With spark plugs having more than one gap, 
the shortest gap should be as stated. 


Timing the Spark on Essex Model “A” 


Timing the ignition: The ignition system is carefully timed 
when the car leaves the factory, and, under ordinary conditions, 
will not require any attention; but should it become necessary 
to re-time the ignition for any reason, it can be done as follows: 


1. Place the spark lever on the steering-wheel sector in the 
fully advanced position. 


2. Turn the engine with a hand crank until No, 1 piston starts 
to come up on the compression stroke, The marking of the 
fly wheel should then be observed through the hole in the 
fly-wheel housing on the right-hand side of the engine until 


the marking ‘D.C, 1-4” appears at the pointer on the fly- 
wheel housing. 


3. Loosen the timing adjustment screw in the center of the 


distributor shaft and turn the breaker cam so that the rotor 
button will be in a position under No. 1 high-tension terminal, 
or that which leads to No, 1 cylinder, when the distributor 
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head is down in place. Locate the breaker cam carefully 
in this position so that when the slack in the distributor 
driving gears is rocked forward, the contacts will be opened 
by the breaker cam, and when the slack in the gears is 
rocked backwards, the contacts will just close. 


4. Tighten the adjustment screw, securing and replacing the 
rotor and distributor head. 


Adjusting spark plugs: The gauge on the distributor wrench 
marked “Spark Plug” should be used for adjusting the spark 
plugs. This gauge is approximately thirty thousandths of an 
inch thick (.030”). On spark plugs having more than one gap, 
all but one gap should be made very wide, and the closest gap 
should be adjusted to this gauge. An exceptionally wide 
adjustment may cause missing at the higher speeds. Too close 
an adjustment will cause the ignition to be very poor at very 
low speeds and when idling. 


See Index for Delco ignition and Essex wiring diagrams. 


On the Cole, ‘870 Series” car, using Delco ignition, the spark 
lever is fully advanced, and the piston is placed within 114” 
of the top of the compression stroke. 


Timing the Spark on the Maxwell °‘25”’ 
This car uses type ‘‘CC’’ Atwater-Kent ignition system. 


Procedure: Turn the crank shaft with a hand crank until No. 
1 piston is 1/32” past top dead center, or 114” past _on the fly 
wheel, on compression or firing stroke. Then turn the vertical 
shaft until the distributor arm is under the terminal on the 
cover leading to No. 1 cylinder. Assemble the unit to the 
engine. 


Loosen the screw which locks the advance and retard on the 
timer to the timer head. Turn the timer head in whichever 
direction is necessary so that the points just start to open when 
the cam is revolved, in clockwise direction. Holding the timer 
head in this position, push advance and retard lever in the 
retard position, and tighten the lock screw. Replace the dis- 
tributor cover and connect the terminals in proper firing order 
of the engine, viz., from left to right, or clockwise, No. 1, 3, 4, 2. 


The breaker points should be set to open between .006”” and 
.008’’, or about twice the thickness of this paper. 


Timing the Spark on the Chevrolet ‘490°’ 


Remove the distributor cover and the distributor arm, and 
with a special wrench supplied with the car, remove the lock 
nut holding the igniter cam to the shaft (Fig. 6); slip the 
hooked end of the wrench under the cam (Fig. 7) and pry it loose 
from the shaft (the igniter shaft is tapered and the cam is held 
to this taper by friction so that it should not require a great 
effort to loosen it). 


Fig. 6. Remove lock nut. 


Fig. 7. Slip hooked end of wrench under cam and loosen 
from tapered shaft as shown. 


Insert the starting crank and turn until the intake valve on 
No. 1 cylinder begins to open; remove the spark plug on that 
cylinder and insert a screwdriver or rod; continue to turn the 
engine until the piston has traveled downward and has again 

returned to its uppermost position. By holding the screw- 
driver or rod firmly, the position of the piston at which no fur- 
ther upward movement takes place can readily be determined. 
The piston is then on ‘‘top dead center” of the compression 
stroke, and the gases have been compressed ready for firing. 


Next turn the cam on the igniter, so that the driving pin 
assumes the position shown in Fig. 8, then turn the cam 
in the direction of the arrow until the two contact pom begin 
to open. By the term “begin to open’? we mean that point at 
which the two contact surfaces no longer touch each other. 


The lock nut can then be slipped on the shaft and can be 
securely tightened against the cam; however, in doing this use 
care not to disturb the position of the cam. The distributor 
arm and cap can now be put in place and the car operated. 


Th ence of firing is 1, 2, 4, 3, the No. 1 wire being the 
one Pa iedintely above the smal! slot on the edge of the distribu- 


Fig. 8. Rotate the cam so that the driving pin assumes 
position shown. Retard the spark. Then turn the cam in 
the direction of the-arrow until contact points begin to open 
when No. 1 cylinder is on top dead center of compression stroke. 
Replace the lock nut and tighten securely. 


tor case. This slot fits over the locating pin on the rim of 
the igniter body. The rotation of the igniter is called ‘‘clock- 
wise,’”’ that is, it turns in the same direction as the hands of a 
clock; therefore in the same direction will come the No. 2 wire, 
then No. 4, and lastly No. 3. 


Timing the Spark on the Lexington Series ‘‘S”’ 
Model Six-Cylinder Engine 


The Connecticut closed-circuit ignition system is 
used as an illustration. 


INTERRUPTER WITH 
CAP REMOVED 


ARM ON THE 


OIS"GAP STEERING GEAR 


Fig. 9. : 
breaker) as used on the Lexington ‘‘S,”’ 


Top view of the Connecticut interrupter (contact- 


To time the ignition, open the pet cock on No. 1 
cylinder (next to the radiator), by means of the 
starting crank; turn the motor slowly until you get 
compression, determined by holding the finger on 
the pet cock. Be sure not to pass upper dead center. 
This is determined by the mark on the flywheel, 
“DP, C-1 and 6,” seen through the opening on the top 
flywheel housing exposing the pointer or indicator, 


Retard the spark lever on the steering column 
fully (Fig. 9); remove the distributor cap; note 
the position of the breaker points. "They should 
be just ready to open or separate. By advancing 
the spark lever on the steering column slightly, a 
spark should jump if the current is turned on. 


Note that the spark is set to occur on top dead 
center of the compression stroke with the spark 
lever in full retarded position. 

The breaker-point adjustment should be .015” 
air-gap when the cam separates the points fully. 


The spark-plug point gap should be .020”. 


Other [gnition Timing Information 


By referring to the Index for Delco, Atwater- 
Kent, Connecticut, Remy, and other systems of 
ignition, detailed explanations of each can be 
found, as well as of other cars. 


See page 220 relative to the ‘Timing of Delco 
ignition.” 
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Timing the Ignition of a Vibrator-Coil and 
Commutator Ignition System 


Before passing from the subject of ignition timing, it is well 
to mention the timing of the high-tension vibrator-coil system, 
as also the ‘“‘make-and-break” low-tension ignition. 


The old-style coil ignition system, with ‘vibrators’ _and 
“commutators,” requires agreater advance than magneto igni- 
tion. The reason for this is the time required for contact of the 
commutator, contact of the vibrator, and a possible loss of time 
for the vibrator to start operating. 


Owing to the lag and inertia of a coil trembler, considerable 
range of advance is required to obtain the spark at the most 
effective position of the piston. 


The usual method is to place the spark lever midway between 
advance and retard position, so that it will have half of the 
motion to advance on, and half to retard on (see Fig. 10). 


Fig. 10. (1) place piston on top of compression stroke; 
(2) place spark lever in center position of quadrant (SL); (3) 
set contact on commutator so that it will make contact with 
No. 1 cylinder. This will allow for a range of advance and 
retard in either direction from the center. 


Timing Ignition of the Ford 


The Ford ignition timing is explained in the Ford 
instruction. 


Timing ‘‘Make-and-Break’’ Ignition 

Timing the low-tension magneto!, with make-and-break 
type of igniter: The armature of the magneto must be positively 
driven off the engine by means of a chain or of gear wheels. 
On engines with cranks at 180°, where the ignition has to take 
place at 90° relative to the cam shaft, the armature has to be 
driven at crank-shaft speed. 

In the low-tension ‘“‘make-and-break” system, the contact- 
breaker is not fitted on the magneto; a connection from the 
outer end of the armature winding joins up to the terminal of 
the hammer-break device inside the cylinder. 


The general practice, when timing (see Fig. 11), is to arrange 
for the mechanism of the break to ‘‘trip”’ when the piston is just 
completing the compression stroke, or a little earlier, say 44 
(or an amount determined by experiment to give the best 
results), the armature being, as in the case of the high-tension 
system, in “‘maximum’’ position. 


Fig. 11. Illustrates the principle of timing a low-tension 
Magneto using a ‘‘make-and-break”’ ignition. The armature is 
in one of the maximum positions just as the piston is complet- 
ing the compression stroke, and the “break’’ or “‘igniter’’ 
mechanism has just tripped or broken the circuit. This system 
is seldom used. 


1 When setting the time of the spark on a stationary engine, 
the spark is set to occur, when retarded, slightly after the com- 
pression stroke to prevent kicking back. This type of engine 
is usually equipped with a “make-and-break”’ igniter system. 


SPARK CONTROL AND OVERHEATING 


As few motorists really understand just how the 
power efficiency of an engine is affected by the 
spark timing (which is generally under the control 
of the operator), the following may be of interest: 


When a combustible mixture has been compressed 
in a cylinder by the rising piston, and the spark 
occurs, a very small portion of the mixture in the 
immediate vicinity of the spark is ignited; and if 
the mixture is of the proper proportions and suit- 
ably compressed, the flame propagation throughout 
the entire combustion chamber will be rapid. 


This is as it should be. When combustion takes 
place, intensely heated gases are formed, which in 
their effort to occupy a larger volume of space exert 
great pressure on the walls of the combustion 
chamber and upon the piston head. 


Fig. 2. Diagrams show- 
ing when sparks should and 
should not occur. Several 
interesting conditions may 
be shown with the diagrams 
of Fig. 2, which like Bigs 1 
represent different positions 
of the crank shaft, and of 
the pistons in the cylinders 


Fig. 1 


As a gas or gaseous mixture is compressed, it 
becomes heated, and the greater the pressure, the 
greater the heat. 


If a mixture is of proper proportions, the greater 
the pressure, the more readily will it ignite, and 
ne greater the speed of flame propagation or com- 

ustion. 


On the other hand, as the pressure of a combust- 
ible mixture is reduced, it loses its heat, and its 
speed of ignition and combustion is also reduced. 


Thus it must be understood that to get the 
utmost efficiency out of a combustible charge it 
must be ignited at or near the point of maximum 
compression. 


Let it be assumed that a car is being driven at a 
speed of about 30 miles per hour, and that the engine 
1s necessarily turning over at a speed of about 1,200 
revolutions per minute, with the spark lever 
advanced so that sparks occur when the piston is 
ascending as at (G) ( Figs. 1 and 2), 


Ignition, we will assume, is complete at (H), and 
combustion at (I), at which point the maximum pres- 
sure of the expanding gases is being exerted. Under 
these conditions the engine runs smoothly and cool. 


Now, by retarding the spark and advancing the 
throttle lever, it is found that the speed of 30 miles 
an hour can still be maintained. 


The engine is generating the same amount of 
power, but with the spark retarded and the throttle 
advanced; but after about 30 minutes’ running the 
radiator begins to steam, and we see that the engine 
1s overheated. What is the cause? 
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It is this: The spark is retarded, so that now it 
occurs when the piston is at (I); compression is 
already reduced, so that ignition is slower and is 
not complete until the piston is at (J), and com- 
bustion is still incomplete at (K). 


The explosive mixture is now richer in fuel, so 
that more heat is given off than under the first-men- 
tioned condition; therefore the expansive force is 
greater than before, so that the speed of the engine 
is the same. But note the area of wall surface of 
the cylinder at (K), which now is exposed to this 
more intense heat. 


The water in the jackets has not only to take care 
of the heat absorbed by the walls of the combustion 
chamber, but also of an excessive amount absorbed 
by the cylinder walls. 


Range of Spark Advance and Retard 


Fig. 1 is a diagram showing the range of spark 
advance and retard, representing different positions 
of a crank shaft and the relation of the piston in the 
cylinder at these different positions. 


_ Referring to this diagram, we find that if an engine 
is running at an extremely high rate of speed the 
spark might be advanced so as to occur in the cylin- 
der when the throw of the crank shaft is ascending 
and at the point (A);~thus combustion might be 
complete or so nearly complete, by the time the 
throw reached the point (D), that a very strong 
pressure would be exerted upon the piston, which is 
as 1t should be. 


If the engine were being subjected to an extremely 
hard pull, as in ascending a hill on high gear, so that 
its speed is considerably reduced, and ignition were 
to take place at (A), combustion might be complete 
at (B) or (C), and the pressure or power-impulse on 
the piston head would tend to turn the crank shaft 
in a reverse direction. 


If the car were traveling at a very low speed, or 
if there were not sufficient momentum in the fly- 
wheel or the car itself, the engine would be stalled, 
or killed, as the expression is. 


Of course, if the car or engine were traveling at a 
sufficiently high rate of speed to carry the crank 
and piston over this dead center, a large percentage 
of the power would be applied in the right direction, 
but considerable would nevertheless be lost; there 
would be what is known as an “ignition knock,” and 
the strain on the bearings would be quite severe. 


On the other hand, if the engine has been slowed 
down considerably under a hard pull and the ignition 
is retarded so as to occur at about (C) or (D), com- 
bustion might be complete at about (E) or (F), or 
perhaps even a little farther down where the lever- 
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age on the crank shaft is greatest, and thus the 
greatest amount of the downward pressure on the 
piston is utilized. 


It must be remembered that the greatest power is 
dependent upon the momentum or torque of the 
flywheel. 


An engine always should be run with the spark 
advanced as far as possible without causing it to 
knock or lose power, and it will overheat if caused 
to run for any great length of time with a retarded 
spark. 

Verifying the Ignition Timing 


It occasionally happens that cars turned out of 
the factory hurriedly, to meet pressure of orders, 
are not as well adjusted in the setting of the ignition 
timing as they might be, with the result that the car 
may fail to idle properly, due to the setting being 
slightly too far advanced when the contact-breaker 
is retarded. 


On magneto ignition it was a common practice 
to set for either “slow idling,” or “for speed” or just 
between. In other words, if slow idling was desired, 
then extreme high speed was sacrificed. On the 
other hand, if very high speed was desired, the 
engine would not idle properly. Thus an average 
setting was made by meshing the timing gears 
driving the magneto. 


Testing Ignition Advance 


If the ignition is suspected of being set too far 
advanced, and idling speed is desired, then test as 
follows: 


(1) Place No. 1 piston on top of compression, or 
its firing stroke. ‘This can be found by following 
out the wires and noting when the cylinder to be 
tested will fire. 


(2) Place breaker-box in ‘“‘retarded’’ position. 


(3) Note if the contact-points are just separating 
when the piston is on top. If so, the setting is 
about right for the magneto. 


If, however, the points have already separated, 
then it is likely there is too much ‘advance,’ the 
amount being determined by the distance the spark 
occurred before top. 


If a vibrator coil system, then the contact on the 
segment ought to be made when the piston is, say, 
14” over the top of compression stroke with retard- 
spark lever. 


If a change is made in the setting, then a trial 
should be made with the engine running, and a note 
should be made as to how the speed responds to the 
advance-and-retard movement. Variation in the 
setting should be made if found necessary. 


QUESTIONS AND ANSWERS RELATIVE TO THE ADVANCE AND RETARD OF SPARK, 
EXPLAINING WHY THE ADVANCE OF SPARK INCREASES 
THE SPEED OF ENGINE 


Question 1: How can the spark be made to vary as to the 
jime at which it takes place? 


Answer: By movement of the hand-spark lever on the steer- 
ng wheel, asin Fig. 4, page 287, which connects with the circuit- 
sreaker housing on the magneto, or, if a coil and battery system, 
dy connection with the advance arm of the interrupter housing 
and distributor (Figs. 3 and 4, page 302). 


Movement of the interrupter housing in the direction of 
rotation of the cam causes the break to occur later, or retarded; 
movement in the opposite direction to that of rotation causes 
the spark to occur earlier, or advanced. See also Figs. 3 and 4 
on this page, showing a commutator as used on a vibrator-coil 
ignition system. 

Note in Fig. 3 that the contact arm (instead of a cam) is 


moved in the direction of rotation of the rotating segment with 
which it makes contact; thus, the spark occurs late. In Fig. 4, 
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the arm is shown moved back, or in the opposite direction 
to that of the rotation of the segment; therefore the spark will 
occur earlier. 


Where an automatic advance of the spark is provided, as 
explained on page 203, the same action takes place but by 
means of a governor instead of by the hand-spark lever. 


Question 2: Suppose the throttle is open, and the engine is 
speeded up, and the spark lever is not advanced but left at 
full retard position, what happens? 


Answer: The gas would not be compressed as tight because 
the piston would be part way down on its power stroke, as 
seen in Fig. 3, with the result that there would be very little 
force exerted on the head of the piston. The engine would 
waste part of its power stroke and would not be as powerful as 
if the spark was properly timed or advanced. Excessive heat 
would also result, because the gas would continue to burn, not 
only during the rest of the power stroke, but also during a part 
of the exhaust stroke. For instance, with a retarded spark 
and an opened throttle, if the exhaust manifold was removed, a 
long red flame would be emitted from the exhaust ports; 
whereas, if the spark was properly advanced, there should be 
no flame at all, as the gas is supposed to ignite and cool before 
it passes through the exhaust valves. When running with a 
retarded spark a greater throttle opening is needed to develop 
the same power or speed. Thus a retarded spark generates 
greater heat and greater gasoline consumption. 


Question: 3: Why does advancing the time for the spark to 
occur increase the speed of the engine? For instance, suppose 
the engine is running with a certain throttle opening and the 
spark is advanced, the speed of the engine increases. Why is 
this? 

Answer: The reason why the advance of the spark causes 
an increase of speed in the engine with the throttle open is 
principally the fact that when the spark is retarded, the power 
stroke is much shorter. In other words, suppose that the 
piston is half-way down on power stroke before the retarded 
spark occurs, as in Fig. 3. Note that when it sparks the gas at 
this position, the space between the head of the piston and the 
head of the combustion chamber is so great that there is not 
much force exerted on the head of the piston when the spark 
occurs; whereas, if the spark occurs advanced, or when the 
piston is near the top of the compression stroke, as in Fig. 4, 
the compression of gas is greater, and hence greater force is 
exerted on the head of the piston when the spark occurs 
advanced. Consequently more speed results. 


In other words, with a retarded spark the piston travels well 
down on its power stroke without doing any work, whereas, 
with an advanced spark the piston works all the way down. 


Question 4: What occurs if the spark is advanced when the 
engine runs slowly? 


Answer: There will then be a fierce struggle inside the engine: 
the piston fighting to complete the compression stroke, and 
the explosion, which has occurred too soon, trying to force it 
back again. And which wins? If the engine is working 
fairly briskly, the piston overcomes the explosion; otherwise 
the explosion drives back the piston, and stops the engine. 
This is why, when an engine is cranked, it frequently ‘kicks 
back”; the spark has been advanced too far, and the piston 
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can not overcome the early explosion. In order words, the 
spark occurs and combustion takes place before the piston 
reaches the top of stroke. Fig. 4 shows the spark advanced 
so that it occurs on the top of the stroke. It is not full ad- 
vanced; if it were, the spark would occur before the piston 
reached the top. See pages 291 and 292. 


Question 5: How can I tell when the spark is too much 
advanced? 


Answer: There will be a sound in the engine as of a hammer 
striking the top of the piston. The engine will be said to 
“‘knock;’”’ and the more the spark is advanced, the louder will 
be the knock. This is termed an “‘ignition,” or ‘‘spark knock.” 


Question 6: And what should make it knock? Does the 
piston strike the top of cylinder? 


Answer: We have already pointed out that this is impossible, 
as the length of the stroke is invariable; neither does it appear 
that it is caused by a general looseness throughout the parts of 
the engine, since new engines knock in this instance as much as 
old ones. 


‘The ignition knock thus produced is caused by a “piston 
slap.” When the piston is going up on the compression stroke, 
it is riding hard against one side of the cylinder, and as it 
passes over dead center the piston jumps to the other side of 
the cylinder wall, owing to the compression pressure, or com- 
pressed charge, which would be from 62 to 125 lbs. to the 
square inch. Such a charge would produce no noise in an 
engine with properly fitted pistons. However, if this com- 
pressed charge should be ignited considerably before top dead 
center, by the time top dead center was reached, which is the 
position where the piston ‘‘slaps,”’ or is transferred from one 
wall of the cylinder to the opposite wall, the pressure would 
probably be 300 Ibs. or 400 Ibs. to the square inch, which would 
cause a very decided noise in the piston. See page 292 explain- 
ing the relation of the speed of the engine to the spark. 


An engine should not be slowed by retarding the spark. If 
it has been noticed by the reader during the last few paragraphs 
that it is possible to slow an engine by retarding the spark, let 
him at once understand that this is the last method by which 
it ought ever tobe done. Itis not only unscientific, but is also 
wasteful of fuel, causes unnecessary work for the engine, and 
results in rapid pitting of the exhaust valves, the gases passing 
through them in an incandescent form. Engines even of the 
same make may vary as to the exact position of the spark lever. 
Thus the best plan is to experiment as to what position of 
spark makes the engine run best. 


The correct method of slowing down or increasing the engine 
speed is to shut or open the throttle valve, which is situated 
between the carburetor and the inlet valve, by which the 
amount of fuel supplied to the engine may be regulated (see 
Fig. 11, page 33). Then as the engine varies its speed slower 
or faster, the spark should be retarded or advanced accordingly. 


The rule therefore is to let the engine speed follow the throttle 
and make the spark follow the engine speed; or, to put it in 
another way, in order to drive economically, keep the throttle 
valve closed as much as possible and the spark advanced as 
far as possible, short of knocking or of a tendency to knock. 


4 Retarding the spark too much produces heat. See page 304: 
Spark control and overheating.” 
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Atwater Kent] Open Circuit 
Atwater Kent] Closed Circuit 
Bosch Closed Circuit 
Conneticut Closed Circuit! 
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Delco 
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Closed Circuit] .018" 
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High Tension] .020" 
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Clearance between magnets 
and magneto coils. .081 or Me 


The air-gap clearances and Position in which to place th 
e 

spark lever (advanced or retarded), given on the left may 
vary on different engines and with di 


tions by the manufacturer, the clearances and position of the 
spark sever ars) near enough to produce fairly good results. See 
page 220 for Delco average timing instructions; an > 

for Remy instructions. ere 


Average ignition timing: After placing the piston 

retarding the timer housing, the interrupter None ae i ae 
be opening, if a “closed-circuit” type of timer, or just closing if 
an open-circuit” type of timer. It is difficult to see this: 
therefore a good plan is to use a 6-volt lamp in the low-tension 
circuit (between battery and timer). In this way one can tell 
when the circuit is closed or opened at the timer points by the 
light going out or on (see page 221). See Index for Atwater- 
Kent, Connecticut, Remy, and Delco timing instructions, 


tOn 4, 6, and 12-cylinder engines the spark-plu i i 
and 8-cylinder engines .020’. On 4, 6, Eee S eylinie? ae 
ea etoe 1/16” poe with interrupter retarded 

~cylinder engines place t i i i : 
Ne ater Dp e piston on top with the inter- 


at i Uae new-style spring contact breaker requires .012/’; 


T, means to place piston at top of stroke. 
R, means interrupter is retarded, 
**NU4 Bosch spark-plug gap is 016’, 


IGNITION TIMING 
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FINDING POSITION OF PISTON 


In the preceding pages we have discussed placing 
the piston on top of the compression stroke. How 
to tell when the piston is on top of the compression 
stroke is explained on page 70, but the following 
pointers will no doubt be of interest. 


There are two possible firing orders on a four- 
cylinder engine, that is 1, 2, 4, 3, and 1,3,4,2. In 
either case, cylinders 1 and 4 fire one revolution or 
half a cycle apart, so that at the instant that No. 1 
cylinder needs the spark, the exhaust valve of No. 4 
cylinder is just closing. 


Refer to Fig. 1, and note that the cylinders are 
numbered, beginning at the radiator. The last 
valve away from the radiator is usually the No. 4 
exhaust valve. In order to tell when it just closes, it is 
well to slide a piece of paper (P) between the valve 
stem and the tappet or push rod, and then to crank 
the engine over by hand, until the tappet is seen to 
rise and pinch the paper and lift the valve. 


Fig. 1 


Fig. 1A 


Continue to crank the engine, with one hand held 
on the piece of paper. At the instant that the paper 
just gets loose, the spark for No. 1 cylinder should 
occur. 


In magnetos and most battery systems this will 
be the instant at which the interrupter points just 
begin to open, and in a Ford system using vibrating 
coils it will be the instant at which the timer just 


begins to make contact (see the Ford instruction 
or the discussion of “Valve timing”), which can 
most easily be determined by the use of batteries, 
and by listening for the first buzz of the coil. 


_ In six-cylinder engines there are two common fir- 
ing orders, as follows: 1, 5, 3, 6, 2, 4, and 1, 4, 2, 6, 3, 
5; in each of these it will be noticed that cylinders 
No. 1 and No. 6 are half a cycle apart, just as No. 
land No. 4 were half a cycle apart in the four-cylin- 
der engine. We can then use the same rule for 
the six-cylinder engine as for the four, except that 
we look at the No. 6 exhaust valve, which is still 
the last valve down the line, the one farthest from 
the radiator. 


It sometimes. happens that the valves are inac- 
cessible, as, for instance, in a sleeve-valve engine, 
in which case it is necessary to check by the com- 
pression, in order to get the proper top dead-center 
position, and then to check the exact piston position 
by feeling with a piece of wire inserted at the spark- 
plug opening. 


If the firing order is not known, it can be deter- 
mined by the order in which the valves lift or by 
opening the pet cocks and putting wads of paper in 
them. If the engine ‘s now cranked by hand, the 
wads will blow out in the same order in which the 
engine fires. 


To determine the end of the compression stroke, 
in any cylinder (Overland is taken as an example): 
turn the crank until the exhaust valve in that cylin- 
der, which is the one directly beneath the priming 
cup, has just reached its seat; and then turn the 
flywheel approximately one revolution, stopping 
when the mark ‘1-4 UP” (or ‘2-3 UP”) is at its 
highest position and in line with the guide mark on 
the back end of the crank case. Another method 
is to turn the engine while the hand is held over 
the open priming cup and identify the compression 
stroke by the escape of air. See also Index under 
“Winding position of piston.” 
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INSTRUCTION No. 29 
CARE AND REPAIR OF THE MAGNETO 


Care of the Magneto 


Distributor parts: The distributor plate should 
be removed occasionally for inspection as to the 
presence of the carbon dust that wears off from 
the carbon brushes. This dust may form a connec- 
tion between the distributor segments, and as a 
consequence may cause a spark to occur in the 
wrong cylinder. Carbon dust that has collected on 
the distributor should be wiped out with a cloth, 
the cloth being moistened with gasoline in case the 
carbon has become caked. After cleaning with 
gasoline, the inside of the plate should be given a 
very light film of oil to prevent excessive wear of 
the brush and the distributor plate. 


Fig. 1. A, method by which the wires can be separated 
from one another to avoid static effects; B, another method 
of separating wires to avoid static effects; C, with this arrange- 
ment static effects are sometimes felt; D, running wires through 
brass tubing does not avoid static effects. 


Cables: Use only the best insulated wire for all 
electrical connections and especially those leadin 
to the plugs. The wires running from the dis- 
tributor to the spark plug are called secondary 
cables, and should be protected from static! elec- 
tricity. (See Fig. 1; A and B are best arrange- 
ments. ) 


Terminals: Scrape off about 3/16” of the insula- 
tion from both ends of the cable; clean the copper 
wire, and screw it into the tube of the terminal (it 
will not do to push it in only), in order to connect 
the two parts thoroughly. ‘Spread out inside the 
tube the portion of the wire which has been stripped 
of its insulation, and screw in the little screw sup- 
plied for the purpose. 


Many a case of ignition trouble has been hard to 
locate due solely to one of the strands of wire short- 
circuiting. Therefore, if special connections are 
provided, use them; otherwise solder the ends. 


1Static electrical discharge means jumping of high-tension 
current from one wire to another when the wires are together, 
even though fairly well insulated. 


Interrupter Adjustments 


Among the most important parts of the magneto 
is the interrupter and it is advisable to inspect it 
from time to time. An inspection of the inter- 
rupter requires the removal of the cover which is 
usually secured to the interrupter housing by means 
of a spring ring that permits it to be snapped on and 
off. The interrupter lever should be moved for 
assurance that it is free on its pivot, and a test should 
be made of the distance between the platinum 
points. 


Adjustment: When the lever is depressed bv one 
of the steel segments or the cam, the distance be- 
tween the platinum points should be about .015” 
to .020” or about 1/64”. This distance may usually 
be adjusted by the movement of a platinum-pointed 
screw. 


Should it be necessary to replace one of the plati- 
num points, or to attach a spare part, the interrup- 
ter may be more completely exposed by turning 
the lock ring a quarter of a turn to the right or to 
the left, and removing it and the interrupter housing. 
The interrupter itself may be removed by unscrew- 
ing the interrupter screw. 


When replacing the interrupter, care must be 
taken that the key on the interrupter disk fits 
exactly into the keyway on the armature shaft, and 
care must also be exercised when replacing the 
interrupter housing, to make sure that it is placed 
back in exactly the same position as it was in when 
it was taken off. 


The platinum points on the interrupter “pit” in 
time, but not so badly as the points on a vibrator 
coil. The alternating current of a magneto does 
not cause pitting of the points as much as the direct 
current. However, in time the points are bound to 
become worn and new ones must be fitted, or the 
old ones dressed down. (See Index under “Dress- 
ing platinum points.’’) 


_ A defective condenser will cause excess spark- 
ing at the interrupter points. See Index under 
“Condenser.” ‘ 


The Safety Spark Gap 


In order to protect the insulation of the armature 
and all other parts from injury due to excessive 
voltage, a safety spark gap is provided, to permit 
the passage of the current to ground without injury. 
The current will pass across the safety spark gap in 
case a high-tension cable is disconnected, if the 
spark gap is too great, or if for any other reason 
the spark-plug circuit is open. Discharge should 
not be permitted to pass through the safety spark 
gap for any great length of time, however. ‘This 
should be particularly guarded against if the engine 
1s operated on a second or auxiliary ignition system. 
When the engine is operated on such a system, the 
magneto should be grounded in order to prevent 
the production of high-voltage current. See Index 
under “Safety spark gap.” 
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CARE AND REPAIR OF THE MAGNETO 


Oiling the Magneto 


The over-oiling of the magneto should be guarded 
against in order to prevent the entrance of oil to 
the interrupter parts. Each of the oil holes is to 
be given a few drops of fine machine oil every two 
weeks, or every 1,000 miles. The interrupter is 
designed to work without lubrication, and the 
presence of oil on the platinum points will give 
unsatisfactory results, inasmuch as it will cause 
sparking at the points and possible misfiring. 


_ Vaseline is suitable for lubricating the ball bear- 
ings, but never use oil on the interrupter in such 
a manner as to permit it to reach the platinum points. 
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Cutting Off the Magneto Ignition 


To cut off the ignition, the primary current must 
be “grounded,” which will prevent the breaking of 
the circuit by the opening of the interrupter, and 
consequently prevent the production of the second- 
ary current. ‘The primary current may be grounded 
by making a connection between the grounding nut 
and the engine ground, this circuit usually including 
a switch. One terminal of the switch is connected 
to the engine or frame, the other terminal leading 
to the grounding terminal. When the switch is 
open the magneto will produce a spark, but the 
closing of the switch will ground the primary circuit 
and will prevent the production of the ignition spark. 


MAGNETO IGNITION TROUBLES 


In case of defective ignition it must be deter- 
mined whether the fault is in the magneto or in 
the plugs. Generally, when only one cylinder 
misses, the fault is in the plug. 


Defects of Spark Plugs 


(1) Short-circuit at the spark gap, due to small 
metallic beads which are melted by the heat of the 
intense spark and form a conducting connection 
between the electrodes. This defect is easily ascer- 
tained, and may be remedied by removing the 
metallic beads. 


(2) If the gap between the spark-plug electrodes 
(point) is too great, the spark will jump across the 
safety gap on the magneto. In such a case, when 
the plug is unscrewed from the cylinder the spark 
will jump across the electrodes of the plug, and not 
across the safety spark gap. This does not signify 
that the distance between the electrodes is correct, 
for it must be borne in mind that open air has a 
lower resistance than the compressed air or gas 
existing in an engine cylinder. The distance be- 
tween the electrodes when under compression in the 
cylinders must, therefore, be less than is required 
in the open air. The correct gap should be approxi- 
mately 1/64” or .020”. 


(3) Fouling of the plug: If fouling should occur, 
the parts exposed to the burning gases may very 
readily be cleaned by removing the plugs from the 
cylinder. This exposes the plug core, and it may 
be cleaned with gasoline. 


The spark plug used with a magneto should have 
the point set closer than with a battery and coil 
ignition, because, when the magneto runs slow, the 
current is not as strong as when running fast. With 
a battery as a source of supply, the current 1s con- 
stant at all times. 


The spark-plug cables must be tested, and special 
attention should be paid to ascertaining that the 
insulation is not injured in any way. The metal 
terminals of ‘he cables must not come in contact 
with any metal parts of the engine or with any 
metal parts of the magneto, except the proper bind- 


ing posts. 
Diagnosing Magneto Troubles 
(1) Engine balks—no spark. 
(2) Misses at low speeds. 


(3) Misses at high speeds. 


(1) Engine balking may be due to broken con- 
nections, short-circuit in primary circuit, or between 
coil and distributor brush. Timing may be wrong 
or breaker points too far apart. 


(2) Missing at low speeds may be due to spark- 
plug gaps too far apart, or too close; breaker points 
too far apart; loose connections or short-circuits; 
weak magnets. 


(3) Missing at high speeds may be due to breaker 
points set too close; breaker arm not working freely, 
loose connections, or short circuit. 


If ignition fails suddenly: A sudden failure of 
ignition indicates a short-circuit in the low-tension 
cable, either through a defect in the cable, through 
a faulty connection of the switch, or through the 
presence of dirt or moisture. This may be tested 
by removing the grounding cable from the binding 
post on the magneto and endeavoring to start the 
engine on the magneto. If the engine runs with 
this wire disconnected, but stops when the wire is 
connected, it may be taken for granted that there 
is a fault in the insulation or some other defect 
through «-hich the low-tension current escapes to 
“sround.”” It is also advisable to examine the car- 
bon distributor brush to ascertain if it is in good 
condition. This brush may be exposed by removing 
the distributor plate. 


Irregular firing: Irregular firing is usually caused 
by the improper working of the interrupter, and 
this part should be examined. It should be seen to 
that the interrupter lever moves freely on its pivot, 
and that the center screw is properly tightened; see 
also that the steel segments or cams, as well as the 
two platinum screws, are properly secured in posi- 
tion. Furthermore, the platinum points should be 
inspected for the correctness of their adjustment, 
and they should be so set that they are about 1/64” 
apart when the interrupter lever is depressed by 
one of the segments. The platinum points should 
be clean, flat, and true to one another, and any oil, 
grease, or dirt that is deposited on them should be 
removed. If they are uneven or in bad condition— 
but only then— they should be trued by means of a 
fine flat file. If the interrupter lever does not move 
freely on its pivot (as is occasionally the case, par- 
ticularly with new magnetos), the hole through the 
fiber bushing that forms the bearing should be 
reamed out. This work should be very carefully 
performed, however, and excessive reaming must 
be guarded against. 


Starting the engine: To start the engine it, is 
sufficient to give a sudden pull to the starting 
handle at the moment when a spark is to take place 
in one of the cylinders. If the engine does not start 
off at once, this may be caused by either or all of 
the following: (1) by the setting not being done in a 
proper way; (2) by the points of the plugs being 
too far apart; (3) by the cables being faulty, or 
the connections being badly made, Very often the 
carburetion is faulty. 
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In any case, care should be taken, when stopping 
the engine, to short-circuit the magneto, and to 
cut off the supply of gasoline (by closing throttle) 
when the engine has ceased running. In this way 
the cylinders are prevented from being filled with 
air. If the cylinders contain gasoline, the starting 
of the engine is always easy. If on the contrary, 
the supply of gasoline (throttle) is cut off while the 
engine is running, the cylinders get filled with air, 
and on restarting it has to be driven out and re- 
placed by gasoline. 

Coil: If on turning the magneto no high-tension 
current is produced, it may be that the coil is 
damaged (this applies to a low-tension magneto with 
a separate coil, or with the secondary winding on the 
high-tension armature), and should be returned to 
manufaeturers in order to have it repaired orreplaced. 


Magnets: Remagnetizing will not be necessary 
unless the magnets have lost their magnetism 
through having been taken off and left, for a long 
period, without their bases having first been bridged 
by a piece of iron; or unless, before taking out the 
armature, no piece of iron or steel has been placed 
on the pole pieces. This piece of iron or steel 
should remain there until the armature is replaced. 
It often happens that on remounting the magnets, 
a mistake is made in placing them in the wrong 
order, whereby their magnetic power is completely 
neutralized. 


When it becomes necessary to take the magneto 
apart, you will do well to draw a chalk line across 
one side of all the magnets. Be careful that the 
same marks stamped on the magnets appear all on 
the same side. All north poles are to be replaced 
on one side, and all south poles on the other. 


Difficult starting is in many cases caused by the 
fact that upon stopping the engine, the supply of 
gasoline is cut off, while the ignition only should be 
stopped. In this way the cylinders are filled with 
air only, without any gasoline, and no explosions are 
possible. After opening the throttle about one- 
quarter of the way, draw in a “mixture” of air and 
gas; then the engine will start. 


By cutting out the ignition only, there will be 
gasoline vapor in the cylinders instead of air, and 
the engine can be set in motion by a half-turn of 
the starting handle, i.e., by a sudden pull at the 
moment of highest compression. 


Springs: Examine from time to time whether the 
safety contact spring sliding in front of the cam 
presses sufficiently against the cam; as soon as the 
steel bosses are rather worn, the spring should be 
replaced by a new one. By putting some oil now 
and then upon the steel parts, too rapid wear will 
be prevented. 

Carbon brushes: The low-tension carbon brush, 
as well as the high-tension distributor, will wear off 
in the course of time and have to be replaced by 
new ones, 1.e., in the first case, as soon as the spring 
presses down on the metal holder of the carbon, and 
in the second, as soon as the spring of the carbon 
comes out of its case. 

When the magneto armature rubs against the 
pole-piece, it is probably due to worn bearings or 
to a broken ball, to loose screws on the armature 
head, or to gears meshed tight causing undue wear 
on one end of the shaft. 


Magneto Trouble Indications—Condensed 


Failure of magneto to give the proper spark may 
be due to: 


Armature: weak current; open primary; open 
secondary; shorted primary or secondary. 
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Condenser: short-circuited; open circuit (see Index).. 

High-tension circuit: brush on collector spool 
cracked or punctured; loose connection to 
collector spool; defective distributor brush. 

Spark plugs: improper gap; fouled. 

Magnets: weak; reversed. 

Contact breaker: points worn; points too close or 
too far apart; weak spring. 

Assembly: gear bearing worn or dry; armature rub- 
bing on pole pieces and end play in armature, 
due to loose-screws in armature head or worn. 
bearings. 


Procedure of Diagnosis 


If missing continues to occur and the cause can- 
not be located, then begin the diagnosis as follows; 
being sure that the— 

(1) Spark-plug gaps are correct—about .020” gap. 

(2) Magnets are not weak. 

(8) Interrupter points are clean and the correct dis- 
tance apart—about 1/64”. 

(4) Connections from magneto and switch are tight. 

(5) Magneto is properly set. 

(6) Carburetor adjustment is correct. 

(7) Armature is in perfect alignment. 


Determine whether missing occurs when running 
slow or fast. 


First Determine if Trouble Is Due to Magneto 


This should be done by first running the engine 
on the battery and coil system of ignition; then 
switch on to the magneto side. If the engine begins 
to miss, yet runs on the battery side, this will indi- 
cate that the trouble is in the magneto. 

Quite often, however, this test is made when the 
engine is running slow. If the engine misses only 
on slow speed, try setting the plug points closer 
together and adjust the interrupter or clean the 
interrupter points. Look for a loose wire or strand. 
of wire short-circuiting. If everything else, includ- 
ing carburetion, is apparently in proper order, and 
the engine runs on the coil and battery, but misses: 
on the magneto, then the trouble is likely to be due: 
to weak magnets or to punctured or short-circuited 
insulation. 


Before deciding that it is the magneto winding 
giving the trouble, be sure magnets are strong. See 
test below, and test the magneto, as directed in 
pages 311 to 315. 


To Test Magneto on Engine 


First test to find out which cylinders are missing, 
as directed on page 238. If all miss, then the trouble 
is probably in the magneto or the carburetion. if 
missing is found in one regularly, the trouble is 
then probably due to the spark plug or wiring. 


Run the engine slowly; advance and retard the 
spark; note if there is any missing; then speed the 
engine up and advance and retard, and notice if 
there is still any missing. This will enable you to 
determine if missing is on low or high speed. 


If the engine is running and the spark jum ss" 
and is blue and has volume, and sored Beal 
ing on it, then it is not likely that the magneto 
winding is defective. If it will not jump this far 
regularly, and is thin and yellow, and the cause is 
not elsewhere, then test the armature winding, as 
directed on pages 313, 314. 

Note. The magneto could continue to give a weal spark, 


even though the winding was defective, as onl 
winding may be cut out, PIS Tore eoly peek chtbe 
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MAGNETO MAGNETS AND REMAGNETIZING 


Magnets Made of Steel 


The magnets used on both low and high-tension 
machines are of special tungsten steel made as hard 
as it is possible to obtain them, so hard that a sharp 
file cannot make any impression on the metal. 
Much depends on the class of steel used—a special 
grade known as magnet steel is now being adopted. 
The retention of magnetism by steel is a very curi- 
ous and interesting property. It resides only on 
the surface of the steel and it is found that a much 
stronger magnet is obtained, weight for weight, by 
making it in sections, one placed over the other, 
than in using a massive single magnet. Magnetos 
have two magnets placed side by side; some have a 
single large magnet—they were formerly two— 
made of superimposed parts. 


Soft steel is easier to magnetize than hard steel, 
but the former loses its magnetization quickly if 
subjected to vibration. The hard steel magnet 
loses its magnetism very slowly, although the mag- 
neto has, as a matter of course, to withstand much 
vibration from the engine, etc. 


Weak Magnets 


After the magneto has been in use for approxi- 
mately two years, the magnets may have become 
weakened. ‘The length of time a magneto retains 
its magnetism is governed by the quality of steel 
used in the magnets. 


Misfiring will be the result of weak magnets. 
There are other conditions, however, to determine 
before blaming the magnets. For instance, the 
missing may occur from spark-plug points not being 
set equal distances apart. 


The best remedy for trouble from this source is 
obtained by having the magnets of the magneto 
recharged; but temporary relief often may be 
obtained by adjusting the points of the spark plugs 
so that all are brought a little closer together, and 
all equally distant apart; that is, the gap between 
the points should be the same on all plugs. _ If the 
gaps are not all the same, then the plug with the 
widest gap generally will be the first to misfire, as a 
result of weak magnets. 


When running a car slowly on the high-speed 
gear, the engine may be turning over so slowly that 
the magneto will not generate the required current 
_ and misfiring accompanied by a jerky action of the 
car will take place. When this occurs, one should 
either shift to a lower gear, or switch over to the 
battery. The better plan is to shift to the lower 
gear, if in congested traffic when the car speed can- 
not be increased; for by so doing one speeds up the 
engine and magneto; more current is generated; a 
hotter spark results, and missing is eliminated. 


Remagnetizing Magnets! 


‘In charging by the use of an electro-magnet, 
one of which is shown in Fig. 1, unlike poles must be 
placed together. That is, the north or N pole of 
the magnet should be in contact with the S or south 
pole of the electro-magnet, and the south pole of the 
magnet with the north of the charging device. The 
electro-magnet has polarity because the fields are 
wound in opposite directions. It is easily deter- 
mined whether the magnet 1s in its proper position, 
even if the poles are not marked. Since like poles 
repel and unlike attract each other, when the mag- 


1A, L. Dyke, Granite Bldg., St. Louis, Mo., is in a position 
to remagnetize magnets and to repair magnetos, coils, etc. 


net is placed in contact with the electro-magnet 
cores they should hold fast. If there is a repulsion, 
then the magnet should be reversed. 


After charging has been completed and the mag- 
nets are assembled on the magneto, it is necessary 
that like poles be in contact. That is, if the mag- 
neto has three magnets the north poles of these must 
be in contact, as shown in Fig. 2. Often some figure 
is painted upon the magnets, such as is shown, and 
when this figure is made by the assembly of the 
magnets, the poles are properly facing. It is 
best then to determine the proper polarity by the 
attraction and repulsion methods; like poles repel 
each other, and unlike poles attract each other. 


Another method to find N and S poles: TheS pole 
of the magnet will attract the N pole end (N) of the 
compass needle (see Fig. 3). 


Keeper: When magnets are disassembled, place 
an iron bar (called the ‘‘keeper’’) across the ends to 
retain magnetism. This should be done instantly 
on removing magnets, and after remagnetizing. 


TOD.C LINE 


Fig. 1 Fig. 2 Fig. 3 

To test if magnets need recharging: A good way 
to test, is to place a steel bar or a pair of pliers across 
the bottoms or the sides of the magnets on the 
magneto. If they pull fairly strong, you may know 
that they are in fairly good condition. You can 
ascertain whether or not they are pulling fairly 
strong by testing some other magneto which you 
know is all right. In doing this, however, turn the 
armature so that the points are just separating. | 


Another method is to turn over the armature of 
the magneto by hand, as shown in Fig. 3A, and when 
the armature gets to a certain position resistance 
will be felt. ‘This resistance is due to the breaking 
of the lines-of-force by the armature. Since weak 
magnets produce a weak field, little resistance will 
be felt in cases of weak magnets. The magnitude of 


Fig. 3B 


the resistance will not be known to the repairman 
unless he has tried previously to turn the armature 
when the magnets were in good condition, or unless 
he tries another magneto and compares the results. 


Another test is to test the magnet’s capacity for 
lifting 15 lbs. as shown in Fig. 3B. On small mag- 
nets 10 Ibs. would suffice. 
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A good plan is to test the ability of a new magnet 
of the same size, etc., to lift, and to compare the 
results with those of the one just charged, or which 
you know is charged. 


How Poor Compression Weakens Magneto 
Magnets 


If the engine has good compression, the piston 
will stop on quarter and not dead center. Result, 
a free path for magnetic lines-of-force forming vir- 
tually a.complete magnetic circuit, as in Fig. 4. 


Piston at half 
stroke position 


Piston at upper 
dead center 


Magneto 


Free path 


Lines of 


Fig. 4. ee 
engine at midstroke showing free path for magnetic lines-of- 
force between poles of magnet. 


Left, position of magneto armature with piston of 


Fig. 5. Right, position of magnetic armature with piston 
at upper dead center showing restricted path of lines-of-force 
through armature. 


If the engine has poor compression, even in one 
cylinder, the piston will stop on dead center. 
(Fig. 5). Result, the path for the magnetic lines 
from one pole-piece to the other is very poor and 
the result is the same as when a horseshoe magnet 
is allowed to lie around without its keeper—the 
magnets will gradually lose their magnetism (from 
Motor World, by Thurston W. Turner). 


One Reason Why a Magneto Fails to Spark 
at Times 


A high-tension magneto secondary winding 
insulation may in time become hardened and leaky 
from heat, caused by the strain of running with too 
wide a spark plug and safety gap. 


A wide-open throttle increases compression, and 
the plug gap offers resistance which increases the 
voltage in the winding, with the result that the 
spark jumps the insulation internally instead of at 
the plug gap. 


When running on a level with an almost closed 
throttle, compression is less, with the result that the 
spark, although weak, may jump the plug gap. 
This accounts for a magneto armature requiring 
rewinding, yet producing a spark at times. 


Remagnetizing Magneto Magnets 


The device! shown in Fig. 6 is an electromagnet designed to 
remagnetize the permanent magnets which are used on mag- 
netos. 


A fully charged 6-volt storage battery of the lighting or start- 
ing type should be connected to the terminals of the Magnetizer, 
using short heavy wires. 


On closing the switch on the base of the device, a current of 
25 or 30 amperes will flow, and the Magnetizer becomes a 
powerful electromagnet of such strength that a magnet placed 
across its poles will be magnetized to its maximum strength. 


1Can be secured of A. L. Dyke, Electrical Dept., Granite 
Bldg., St. Louis, Mo. Price $8.50 (add $1 if Ford attachments 
are desired). 
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Fig. 6. Electromagnet! for remagnetizing magneto magnets 
of all kinds. For remagnetizing Ford magnets without remoy- 
ing from car, the attachments shown in Fig. 8 are provided. 


In order properly to remagnetize magneto magnets it is neces- 
sary to remove the magnets from the magneto. Before doing 
so, one side of the magneto, that is, the pole-piece and the legs 
of the magnets on one side, should be chalk-marked. The 
magnets should be magnetized so that the chalk-marked poles 
have the same polarity. This is done by chalk-marking one 
pole of the Magnetizer and placing the chalk-marked pole of 
the magnet to be charged, on the marked pole of the Magnetizer. 
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Fig. 7 
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Fig. 8 (upper) 
Fig. 9 (lower) 


The magnets are placed, one unit or section at a time, so as 
to span the poles of the Magnetizer, as shown in Fig. 7. Switch 
the current on and off several times. The current need only flow 
a few seconds at a time. While the current is flowing, the 
permanent magnet to be charged should be rapped a few times 
with a piece of wood. This will assist the magnet to absorb 
the magnetism easier. It is well to place a piece of soft iron as 
a keeper across the poles of the magnet before removing it from 
the Magnetizer so as to preserve the full strength of the magnet 
until it is put on the magneto. When sliding the magnet on 
the magneto, the soft iron “keeper’’ will slide up and may then 
pe rotared. See that the magneto is put together exactly as 

efore. 


Do not allow the current to flow longer than a short time, as 
it will cause the coils to heat and will also drain the battery. 
The Magnetizer may be used on a 12-volt battery or two 6-volt 
batteries in series. This will cause it to be twice as strong as 
if used on a 6-volt battery. Itis then suitable for very large 
magnets. 


It is possible to use dry cells in case a storage battery is not 
available. Six or eight fresh cells should be used and connected 
in two groups in parallel, the groups to be connected in series. 
See Fig. 9. 


If it is desired to magnetize the magnets with a certain 
polarity, it is necessary to observe the following: 


non pole (N) of the permanent magnet on the south pole (S) 


When magnetizing this way the marked 
leg of the permanent magnet will then be the north pole. 


The polarity of a magnet is easily determined with a mag- 
netic compass. The north (N) pole of the magnet attracts 
the (S) pole end of the compass needle. The north pole of a 
magnet 1s sometimes called the plus or positive pole, Like poles 
repel each other; unlike poles attract. 


CARE AND REPAIR OF THE MAGNETO 


Remagnetizing Ford Magnets 


The magnets ina Ford magneto may be charged as described 
above, but by attaching the special pole pieces, as shown in Fig. 
8, it is not necessary to remove the flywheel from the engine. 
Remove the transmission-case cover so that the ends of the 
magnets are available. 


With the aid of a small magnetic compass, the north poles of 
each one of the magnets should be chalk-marked. Also chalk- 
mark the south pole of the Magnetizer, 
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Now place the pole tips of thé Magnetizer so as to touch the 
ends of one of the magnets, taking care that the chalked end 
of the Magnetizer touches the chalked end of the magnet. By 
turning the flywheel over, each magnet should be magnetized, 
one at a time. 


It is advisable to check up the polarity of all the magnets 
with the compass, when they are charged. 


DISASSEMBLY, ASSEMBLY, AND TESTING OF A MAGNETO (BERLING AS AN EXAMPLE) 


The parts of the armature on the type “E” and 
“F” Berling magneto are disassembled as shown in 
Figs. 1 to 4. The interrupter, which was first re- 
moved, and the magnets, distributor, etc., are not 
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Figs. 1 to 4. 


shown. On most magnetos there is but one pri- 
mary connection to the condenser, the other primary 
terminal being grounded, also one terminal of the 
condenser. Here the primary leads are connected 
to the condenser and one terminal of the condenser 
is grounded, which gives the same results. The 
primary leads are soldered to the condenser. 


Fig. 2 shows the armature parts being as- 
sembled. 


Figs. 3 and 4 show a sectional and top view of 
the completed armature. 


It is not advisable to take the magneto apart, 
unless you know it is defective. Before taking 
apart read pages 309 and 310 carefully. 


To Disassemble the Magneto 


emove interrupter, distributor block, gear hous- 
an magneto baal bearings. This will leave the 
armature as shown in Fig. 5. Be sure and place a 
“keeper” on the magnets the instant they are 
removed, as directed on page 311. 
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Fig. 5. Testing a magneto armature. 


Wound Armature Core 


Fig 3 Fig 4 


To Test Armature Primary Winding 


Use a 6-volt battery! and test points, as shown in 
Fig. 5. Connect one test point with the primary 
lead, and touch the other test point (T) to the arma- 


Collector 


k 


Parts of the Berling ‘“‘E” and “‘F”’ high-tension magneto. 


ture core at (C) for an instant. The current then 
travels through the primary winding and condenser, 
and is induced into the secondary winding. 


If a spark occurs at the test point, and at the 
same time it Jumps the secondary gap of 3¢’’, then 
we know the armature has tested out properly. 


If there is no spark at all, then we know that there 
is an open circuit in the primary winding. 


If there is a heavy spark at the test point when 
touching the core, then there is a short-circuit in 
the condenser or primary winding, and it is neces- 
sary to disassemble the armature. ‘This, of course, 
would mean a dead short-circuit on the battery. 


To Disassemble Armature 


Remove the screws, armature heads, collector 
spool, etc., as shown in Fig. 2. 


To Test Secondary Winding 


A single wound primary coil with a vibrator and 
condenser fitted internally can be used for this test. 
A Pfanstiehl? coil, is excellent for this purpose; or 
a Heinze coil unit as used on a model “N” Ford, 
with the secondary winding short-circuited, could 
also be used. 


Only the primary winding in connection with the 
vibrator is necessary, as the secondary winding on 
the armature is used instead; hence the reason for 
shorting the secondary terminals. 


1Secondary is grounded. On some magnetos it connects to 
two collector rings. 


2 This coil can be supplied by A. L. Dyke (Elect. Dept.), 
Granite Bldg., St. Louis; price $7.50. 
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If the secondary winding is in order, then on 
touching test point (T) to the armature core (Fig. 
6), the spark will jump the 34” gap. 


Armature Core 
I COIL 


Fig. 6. Testing secondary winding of armature with a 
battery and a coil. 


If the secondary winding is short-circuited, the 
secondary spark on this test will are from secondary 
winding to armature core, but will not jump the 
gap. 

If the_secondary winding is open, a spark could 
occur, as it could jump the open gap internally, 
but it would be weak. 


aaa Oy 


meter 


6-volt Battery 


Fig. 7. Testing the secondary winding of an armature with 
a battery and voltmeter. 


To tell positively if a secondary winding is open, 
about the only plan is to put a very low-reading 
sensitive voltmeter, connected with a 6-volt storage 
battery, across the winding, as shown in Fig. 7. 
If the circuit is open, the meter needle will not move 
at all. fit moves at all, this circuit isin good order. 


Note. Never run current through armature when magnets 
are on the magneto; it may be run through in the wrong direc- 
tion and tend to demagnetize them. 


Magneto Spark-Plug Gap 


The correct gap is .020” to .031”. If too wide, 
starting will be hard, and there is a danger of break- 
ing down the high-tension insulation of the winding. 
If too close, the points are more likely to become 
shorted, due to carbon collecting on the gap points. 


Compression of an engine determines the type of 
magneto tobeused. For instance, if the magneto is 
used on a high-compression engine, then the points 
must be closer than on a low-compression engine. 
If, however, the magneto is made of sufficient 
capacity for the high-compression engine, then the 
gap could be normal, or .020” to .025”. 


Contact Breaker Tests 


Usual troubles are: dirty points; platinum worn 
off; arcing at points; gap too far apart or not far 
enough; points not genuine platinum. 


To test platinum points, use nitric acid. If it 
eats the points, they are not genuine platinum. The 
best test is to use a jeweler’s stone test (ask any 
jeweler). Platinum or platinum-iridium is genera- 
ally used for points on magnetos, and tungsten 
(which is very hard) for points on battery and coil- 
system interrupters. See also Index under ‘“Plati- 
num points.” 


MAGNETO TESTING APPARATUS 


When considerable testing is done, a counter- 
shaft with pulleys, and used in connection with a 1/6 
h.p. electric motor, can be used to run the magneto 
at various speeds to test the length of gap and 
volume of spark at various speeds (see Fig. 8). 


cag UT GROOVED PULLEY. 


Fig. 8. Counter-shaft, pulleys, vise and motor for driving 
magneto for testing. 


An adjustable gap arrangement can easily be 
made as shown in Fig. 9. Note that the length 
of the gap can be adjusted. 


Secondary wires 
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Fig. 9. An adjustable secondary spark gap for testing the 
secondary winding of magneto, 


To test the magneto, place it in the vise (Fig. 8). 
Connect. the secondary terminals to the stationary 
points (P) (Fig. 9). Place a grooved pulley on the 
taper shaft of the magneto and connect it with 
grooved pulley (G) (Fig. 8) on the second counter- 
shaft by means of a round belt. Then run the 
magneto and test as directed on page 315. 


_If the spark does not test out satisfactorily, then 
disassemble magneto and test armature and con- 
denser as directed on pages 313, 314, and 315. 


To Test Condenser 


All high-tension magnetos and high-tension coils 
are provided with condensers. 

A condenser usually consists of 161 layers of 
mica insulation material, between which sheets of 
tinfoil are laid so that each layer of tinfoil is elec- 
trically insulated from its neighbor (see page 191). 
In some coil condensers paraffined paper is used 
instead of mica, but this is not as efficient. 

Condensers can be removed, but it is usually 
necessary to unsolder the primary armature winding 
connections to one of its terminals, the other eon- 
denser terminal being grounded to armature frame. 

Usual troubles are due to the sheets of tinfoil 
becoming grounded, or to the fact that one of the 
connections is open. Indication of a defective 
condenser is excessive sparking at the contact- 
breaker points, which become pitted white. 

How to test: Use 110-volt direct current with one 
or two lamps connected, as shown in Te, AO), hi 
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CARE AND REPAIR OF THE MAGNETO 


the condenser is properly insulated and not 
grounded, the lamp will not light when the switch 
is closed. If it does light, then the condenser is 
grounded. If the ground cannot be removed, a 
new condenser is necessary. 


Another test is shown in Fig. 11. Use a 30-volt 
range volt-meter and connect as shown. If the 
condenser is good, no indication will be obtained. 
If itis grounded, an indication will be obtained. See 
also Index under ‘Testing condenser.” 


A Home-Made Magneto Armature Tester 


This device js similar to the one explained on 
page 230, for testing a high-tension coil. . 


To test a magneto armature, a hole, the diameter 
of the armature, is made in the sheet of copper, 
as shown in Fig. 12. The vibrator iron knob (V) 
on the spring (B) is placed close to the side of the 
iron core of the armature. This vibrator blade will 
vibrate when current is passed through the primary 
winding of the armature if the iron knob (V) is close 
to the iron armature core. 


The primary winding of magneto is connected as 
shown. One end is grounded to the armature core; 
the other end connects with the vibrator blade at (F). 


Note. The armature core should fit tight in the 
hole so that it will act as a ground. 
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Magneto armature tester. 


Fig 12. 


The primary circuit would then be from (+) of 
the dry cells to the ground plate (use six dry cells), 
through ground of primary winding on armature core, 
through primary winding to vibrator blade at (F), 
through points, to clamp (C1), to (—) terminal of 
battery, completing the primary circuit. 


By adjusting the vibrator screw, the blade (B) 
will vibrate, thus causing a spark at the secondary 
spark gap (SG), which consists of fiber blocks with 
very fine brass wires sharply pointed and adjusted to 
a gap of about 14” or 5/16”. 


#@ollector 
ring —=|/\ 


G Condenser 


Fig. 13. Showing the winding and parts of a magneto 


armature. 


The secondary winding is wrapped over the 
primary winding, as shown. One end is grounded 
to the iron core (usually grounded to the primary 
wire which is grounded to the iron core) ; the other 
end is connected with the insulated shp ring (S) 
(Fig. 13). Thus the secondary circuit would be 
from clamp (C3, Fig. 12) which would connect with 
the slip ring (S, Fig. 13) to the spark gap (SG), to 
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ground (G) on the plate, to ground of the secondary 
on the armature. 


A condenser is shown connected on the outfit 
to be used for testing purpose. This condenser can 
be taken from a magneto which is known to be in 
good condition, and should be so connected that it 
can be used by means of a plug switch. 


__ The idea is to test the secondary spark, to see if 
it will produce a spark continuously —at least one 
hundred steady sparks without missing. The 
width of this gap at (SG) should be about 5/16”, or 
shghtly less than the length the safety spark gap 
is set for on the magneto. 


First test with the condenser which is used with 
the magneto armature, and note if there is sparking 
at the points of the vibrator interrupter; if so, try 
the good condenser on the outfit and see if the 
sparking disappears. If it does, the condenser in 
magneto is defective and can be tested separately 
with test points (pages 227, 230) to see if shorted. 
There should be no circuit between terminals of a 
good condenser. The condenser, of course, should be 
across the interrupter points, or the vibrator points. 


If the condenser in the magneto is in such a posi- 
tion that it is not across the points, then test with 
condenser on the test outfit, and then unsolder the 
leads from the condenser on the magneto and test 
separately with a 110-volt test lamp similar to test 
on pages 314, 230. By reading the directions for 
testing a high-tension coil with a similar outfit, on 
page 230, the explanations will probably be clearer. 


Other Methods of Testing a Magneto 


Testing high-tension magneto: Oil the magneto; 
connect the distributor wires to the spark plugs 
and set the points at about a 3/16” gap; then run 
the magneto 40 minutes at 1,500 r.p.m. with inter- 
rupter full advanced and for 10 minutes at 3,500 
r.p.m. full advance, and 10 minutes at 150 r.p.m., 
noting that it runs equally well during last run in 
either advanced or retarded position. 


During the runs the contact points should not 
spark or flame excessively. There should be no 
excessive noise or stray sparks about the magneto. 
The safety gap in the magneto should be 5/16”, and 
should not spark at any of the speeds mentioned, 
if the spark-plug gaps are not over 3/16’ during 
the test. The spark should jump the safety gap 
when the armature revolves at 60 r.p.m. with the 
spark plug or distributor wires removed. 


One method of driving a magneto on a test is by 
an electric motor. Another method is from a line 
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Fig. 14. A method for determining the condition of the 
spark produced by driving the magneto at high speed. 


Fig. 15. A battery, switch and test wires to test a coil. 


Fig. 16. A variable-speed arrangement for driving a mag~ 
neto from a line shaft. 
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Fig. 16 shows 


shaft and a pulley (Figs. 14 and 16). 
When testing 


a variable-speed pulley arrangement. 
a magneto or coil, run until heated up. 


Be careful that the armature is in perfect align- 
ment. If a ball is broken, the armature shaft will 
be out of line and permit the armature to rub against 
the pole-pieee; or the armature heads may become 
loose, or the drive shaft may be worn unduly on one 
end of the armature by the gear driving it meshing 
too tight. 


Usually, the cause of the armature being out of 
alignment is worn bearings, or a broken ball, or 
loose screws on the armature head. 


Testing a High-Tension Coil Used with a Low- 
Tension Magneto 


Connect the low-tension circuit of the coil with a 
good battery of the same voltage as is used on the 
car, and provide a spark gap of suitable size on the 
high-tension side. 

For 60 lb. compression the gap should be 14” in 
the atmosphere and for 90 lb., 14”. Fig. 15 shows 
the conventional arrangement which may be used 
when the coil is not on the magneto armature. 


The coil primary circuit is closed and then quickly 
opened, and if the coil is in good condition a spark 
should occur at the high-tension gap (Fig. 15). 


There is no necessity for removing the coil box 
from the car to do this work if the test wires are long 
enough to be attached with the coil in place. 


Unless the internal wiring of the coil is known, 
some experimenting will be required in order to 
connect up with the right terminal. Probably the 
simplest method of procedure is to note the terminals 
to which the low and high-tension wires are attached, 
and to attach the test wires accordingly. 


Testing a Dixie Magneto 


The windings of a Dixie magneto armature can 
be tested by disconnecting the primary winding from 
the stationary insulated contact point (S) and con- 
necting this primary lead (W) to one terminal of a 
6-volt battery. (This primary lead is clearly shown 
in Fig. 26, page 276). The other terminal of the 
battery should then be connected to the stationary 
contact point (S), the circuit then being as shown in 
Fig. 17. Then turn the armature so that the con- 
tact points will open and close, and watch to see if 
the spark jumps the safety-gap. The safety-gap 
points should be set about 5/16’ apart. In such 
a case, the winding is probably in good order. 
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Fig. 17. Testing a Dixie magneto. The same principle 


applies to the armature type of magneto. 


A good plan is to test a winding that you know is 
in proper condition, and to compare the suspected 
defective one with the spark of a good one. 


The test described above may also be used on 
the armature type of magneto, the principle being 
the same, that is, to connect the battery between 
the primary winding and the insulated contact 
point. 


If the points rotate, do not give the armature 
many revolutions, as the battery leads will wrap 
around it. 


Changing Direction of Rotation 


If the direction of rotation of a standard revolv- 
ing armature-type of magneto armature is changed, 
a contact-breaker, housing and a cam must be 
obtained for the opposite rotation. 


It will also be necessary to change the meshing of 
the armature gear and distributor gear teeth, so 
that the spark will occur at the proper plugs accord- 
ing to the firing order. 


Magneto Gear Tool 


A specially made tool for removing magneto 
gears 1s shown in Fig. 18 at (W). The prongs of 
the fork are tapered. By using two such tools, 
the gears can easily be removed without damage. 


Fig. 18, 


Magneto gear tool. 


INSTRUCTION No. 30 


ENGINE STARTERS: Ignition; Priming; Compressed Air; 
Gasoline and Air; Electric 


Ignition Starting 
The first form of self-starter was the ignition 
starter. It is still used, but to no great extent, in 
connection with the priming systems and gas sys- 
tems of starting, as explained on page 268. A 
special form of switch, is sometimes provided which 
causes a Spark in all cylinders simultaneously. 


It is possible to start any engine occasionally on 
the switch, if the cylinder in which the spark is made 
at the time happens to have a charge of gas and the 
ignition is a battery and vibrator-coil system, either 
as an auxiliary or regular system. If, however, the 
magneto system and breaker are used in connection 
with a non-vibrating coil, then the chance of obtain- 
ing the spark is not so good. The breaker points 
will not permit the opening and closing of the cir- 
cuit when the engine is idle. 


_Therefore a special connection is usually pro- 
vided on the non-vibrator type of coil in the form 
of a button switch. This applies to engines of four 
or more cylinders. The principle: there is always 
a certain amount of unexploded gas remaining in 
one of the cylinders when the engine stops, especially 
if the driver has taken the precaution to open his 
throttle before the enginestops. Therefore, if aspark 
occurs in the cylinder, this unexploded gas will com- 
bust and give enough momentum to start the engine. 


As stated, if a coil system is used, the switch can 
be thrown on and a quick movement of the spark 
lever for its full length will cause contact to be 
made on the timer or commutator, thereby causing 
a spark in one of the cylinders. 


Naturally the cylinders must be in good condition. 
The piston rings must be tight so that the compres- 
sion will not be lost by leakage. When stopping 
the engine the throttle ought to be opened part 
way, so as to admit a full charge of gas to the 
cylinders, to make starting easier. The engine must 
be speeded up, but by holding the clutch out. 


Priming Starter 


The priming method of starting was the next 
method. Instead of depending on the pistons to 


INTAKE MANIFOLD 


Haat FROM : 
i PRIMER 


Ho 
INTAKE CHAMBER 


FROM GASOLINE TANK 


Fig. 1. Cylinder primers are all operated 


A primer starter. s are al 1 
very much along the same lines, the fuel being injected into 
either the cylinders themselves through special priming cocks 
or into the intake manifold. A hand-operated pump is usually 
used to draw the gasoline from the supply tank to the feed pipe. 
The gasoline is brought into the primer cylinder from the car- 


buretor supply pipe. It is then forced into the intake manifold 
through a special form of spray nozzle. An upward stroke of 
the handle fills the primer cylinder, and a downward stroke 
forces it into the valve chambers of the engine. With all 
priming systems it is necessary to have a spark at the correct 
time. See Index under ‘Starting on the switch. 
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draw in a charge of gas, a special pump was devised 
asin Fig. 1. This pump forced a charge of carbure- 
ted gas into the cylinder, as explained below. 


Gas Starter 


The acetylene gas idea of starting developed 
from both of these systems. The Prest-O-Lite Co. 


worked out a very satisfactory system for starting, 
as explained in Fig. 2. This system also employed 
a special electric connection for igniting the gas. 
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Fig. 2. Gasstarter. The Prest-O-Lite gas-starter system per- 
mits the starting of the engine by the injection into each 
cylinder of a measured amount of prestolite gas, which is 
exploded by pressing the button on the ignition switch. (See 
Index under ‘Ignition starting.””) The driver charges the 
cylinder with gas by making one or two movements of the 
handle, which is located on the dashboard. There is placed 
at the tank an automatic reducing valve, which reduces the 
pressure beyond the tank to two ounces. Whether the tank 
pressure be 150 or 250 pounds, the pressure in the lines can only 
be two ounces. On account of low pressure, it is necessary that 
the gas be forced into the cylinders, as the cylinder compression 
is many times stronger than two ounces. ‘This is accomplished 
by a pump which is placed on the dash in easy reach of the 
driver. In cold weather the driver can press a by-pass valve 
button and cause the gas to pass from the tank directly to 
the intake manifold. (Prest-O-Lite Co., Indianapolis, Ind.) 


Compressed-Air Starter 


The compressed-air system was first used by tak- 
ing pressure from the exhaust, storing it in a tank, 
and then distributing it to the cylinders. The com- 
pressed-air starter is divided in two classes: (1) the 
type which uses a pump, operated mechanically from 
the engine to store fresh air in the air tank (Fig. 3) ; (2) 
in the other type, the exhaust gases are stored in a 
tank. 


This last-mentioned method was a type of starter 
formerly used on the Winton several years ago. . 
Part of the exhaust gases from the engine was stored 
up in a tank, during the exhaust stroke. This gas 
was then used to force the piston (which was ready to 
commence its power stroke) down. Fig. 3 shows 
the method, using a mechanically driven air pump 
to store fresh air in a tank under pressure. 
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CHOKER LEVER TO CARBU- 
RETOR TO MAKE STARTING 
EASY IN COLD WEATHER 


STARTING PEDAL ajp CONTROL 
VALVE 


Fig. 3. Compressed-air starter. The Stewart starter for 
the Ford cranks the engine from the front end of the crank 
shaft in exactly the same manner it would be cranked by hand, 
To start the engine, it is only necessary to press the pedal which 
is installed on the footboard. 

The starter motor, or cranking unit, is an air-tight chamber, 
circular in form and replaces the crank handle. Passing 
through this is a shaft which engages the engine shaft, the 
same as the crank handle formerly did. Within the cylinder 
is a stationary head; also a revolving valve. 


This valve is attached to a collar through which the starter 
shaft passes. In operation, the charge of air is admitted into 
the starter motor at a point between the stationary head and 
the revolving valve. This air pressure forces the revolving 
valve to make almost one complete revolution. 


Inside of the collar, attached to the revolving valve is a 
pawl which engages the grooves or teeth in the starter shaft. 
A “driving” clutch is attached to the end of this starter shaft. 


A “driven” clutch is installed on the end of the engine crank 
shaft. The “driving” clutch engages with the “driven” clutch 
in the same manner as formerly, when the car was started by 
the old crank handle. (Stewart-Warner Speedometer Corp’n., 
Chicago, II.) 


Gasoline and Air Starter 


The Christensen gasoline and air starter (Fig. 4) 
is used on aeronautical engines, such as the Thomas, 
Sturtevant, Roberts, Duesenberg, Hall-Seott, Cur- 
tiss, Wisconsin, and others; also on motor boats, 
trucks, tractors, and automobiles. 


Principle: This starter does not crank the engine, 
but starts it as follows: The engine, when running, 
uses gasoline and air, properly mixed, as its fuel. 
When not running it cannot be started ordinarily 
only by cranking by hand or some other starter. 
The Christensen starter supplies this mixture to 
the engine in ready-made form, under compression, 
to each of the cylinders in firing order so that the 
engine is started on the first touch of the button. 

The parts are shown in Fig. 4 and consist of the compressor; 
a clutch for engaging and disengaging the starter; a carburetor 
chamber (independent of the engine carburetor) and a distribu- 
tor, timed with the firing order of the engine; a control valve, 
which is used for starting the engine and for engaging the air 
compressor; a tank for holding the air, and a gauge telling 
how much air the tank contains. 7 


CYLINDER. CHECK VALVES 


Fig. 4. Gasoline and air starter. 


Into each engine cylinder a starter check valve is screwed 
(usually in the priming cup opening), and a pipe runs from the 
check valves to the distributor. 


Method of attaching: The starter unit is usually driven by 
Oldham coupling from the crank shaft or cam shaft, and is 
mounted in the most corvenient place. (The Christensen 
Engineering Co., Milwaukee, Wisconsin.) 


Mechanical Starter 


The mechanical starter is made in many and 
varied forms, one being shown in Fig. 5. 


\ 

j SPRING STARTER 

Fig. 5. A mechanical starter. This device (S) is attached 
to the front of the car in place of the ordinary starting crank. 
It is about the size of an ordinary automobile headlight, and 
looks like one reversed. There are two powerful springs in 
the device which are released by_a very slight pressure on a 
pedal (H) which is located near the driver’s seat. (American 
Ever-Ready Works, Long Island City, N.Y.) 


Electric Starter 


The electric starting motor has many advantages 
over other systems, in that the motor is easily 
applied and manipulated. The source of electric 
supply is derived from a storage battery which is 
kept recharged by an electric generator (dynamo). 


Summary 


Thus, we have the several types of self-starters 
classified as follows: Ignition or switch starter; 
primer and ignition; acetylene gas; compressed 
air; gasoline and air; mechanical, and electric, 


Electric Starter Most Used 


The electric starter is the system in general use 
and will be treated in the next instruction. 
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THE ELECTRIC STARTING MOTOR: Principle of an Electric Motor; 
Windings 


The electric starting motor is an electric device 
or motor for turning over the crank shaft of a gaso- 
line engine. The electric motor is a device for 
transforming electric power into mechanical power. 
The electric motor receives its electric current for 
its motion from an electric storage battery. 


The storage battery receives its charging current 
from an outside source, or an electric generator, 
usually run from the gasoline engine. Quite often 
this generator (also called a dynamo) is made a 
part of the starting motor, as will be explained 
under ‘‘Generators.” 


APPLICATION OF THE ELECTRIC STARTING MOTOR TO THE ENGINE 


By referring to Fig. 1, different methods employed 
for cranking or starting theeengine by means of the 
electric starting motor will be noted. We might 
classify the methods under two headings as follows: 


1. Flywheel application (A and B, Fig. 1). 

2. Crank-shaft application (C, D, E, and F, Fig. 1). 
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Fig. 1. Various methods of applying the starting motor to 


anengine. The application shown in A is used most. 

The flywheel drive methods can be classified as 
“mechanical” and ‘‘automatic.” For instance, (A) 
(Fig. 1) the teeth of the pinion or gear on the end 
of the motor armature shaft automatically engages 
with the teeth of the flywheel and automatically 
disengages after the engine is started. This method 
is known as the “‘Eclipse-Bend:x inertia gear drive,” 
and is illustrated in Fig. 2. 


Eclipse-Bendix ‘“‘Automatic”’ Inertia Gear- 
Drive Application to Flywheel 


The Bendix “automatic” shifting pinion, as used 
on a large percentage of the different makes of 
electric starting motors, also called the “inertia” 
gear shift, is pictured in Fig. 2. This illustration 


The Bendix inertia gear drive is the type in general 


use. Note that the drive pinion automatically engages the 
driven gear on the flywheel. 


Fig. 2. 


is not exactly as the device appears today, but 
explains the principle clearly. 


_The armature shaft has a screwed extension pro- 
vided with an outer bearing (B), and carries the 
pinion (P). 


A weight (W) is solidly attached to the pinion, 
and the latter is loose enough on the shaft always to 
occupy the position shown, with the weight under- 
neath when the shaft is idle. The leading screw 
has a triple thread. 


On starting the motor, the inertia of the weight 
(W) causes it and the pinion to be carried quickly 
along the shaft into mesh with the teeth on the 
flywheel, where it remains performing the operation 
of cranking until the engine commences to fire, 
when the direction of the drive is reversed, coming 
from flywheel to pinion, and throwing out pinion. 


The spring (S) is provided simply to ease the 
shock of starting by permitting a slight play be- 
tween the motor shaft and the screwed extension. 
The teeth of both flywheel and pinion are beveled 
on the entering side for easy engagement. 


The action is easy to understand. But a query 
will naturally arise as to what would happen if the 
starting switch is not released and the motor con- 
tinues spinning. It would seem that the pinion 
would return and either get into mesh or continue 
chattering at the edges of the teeth. Neither 
happens. The pinion simply continues to rotate 
out of mesh until the switch is released. This is 
due to a secondary function of the weight (W). 
Immediately the pinion is thrown out from the fly- 
wheel the speed of the motor is such as to cause a 
binding of the pinion on its shaft, due to the one- 
sided position of the weight. The action involved 
is that of the center of gravity of the weight attempt- 
ing to get into the central plane of rotation of the 
pinion, and the slight necessary looseness of pinion 
on shaft allows a temporary binding as a result. 


This type of gearing would be termed a “single 
reduction” of gearing. 


Fig. 3. Illustration showing how the starting motor using 
the Bendix inertia gear drive is connected to the engine (Stude- 
baker ‘‘Light-six,’”’ as an example). 
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Bendix Construction 


A modern construction of the Bendix automatic 
gear shift is shown in Fig. 4. 


The gear (A) shifts, which meshes with flywheel 
gear (D). The action is as follows: When the 
starting button of the switch is pressed down, the 
connections are made between the storage battery 
and the electric motor, which causes the armature to 
rotate rapidly. This causes gear (A) to travel 
towards. the motor on the coarse-threaded sleeve 
(B) and to mesh with gear (D) on the flywheel. (B) 
is connected to the armature shaft through spring 
(C), which allows a certain amount of flexibility and 
prevents too sudden application of the gears. 


\STARTING | 


con STARTING SWITCH 


oO BA 


LEA 


oO A 
3 = 


Ta 
Ae 


bE 


STARTING MOTOR 


Fig. 4. Bendix drive as used on the starting motor of the 
King car. ¥ 


As soon as gear (A) is fully engaged with flywheel 


gear (D), it comes up against a stop and is locked . 


firmly to sleeve (B), thus rotating with the starting 
motor armature shaft and allowing the starting 
motor to crank the engine. 


When the engine starts under its own power and 
the starting button is released, the small inertia 
gear (A) is thrown out of mesh with the flywheel 
gear (D), and the starting motor comes to rest. 


Note. In the Bendix type of drive shown in Fig. 
3, the spring is positioned at the inner end of the 
sleeve and gear (A) travels in the opposite direction. 
The principle however is exactly the same. In this 
construction, the counter-weight on gear (A) is in 
the form of a flange. 


Pointers on the Care and Repair of the Bendix 
Drive 

In case the starting motor fails to start the engine 
when the starter button is pressed, the following 
suggestions will be found helpful in tracing the 
trouble: (1) ignition switch in “off” position; (2) 
throttle closed; (3) carburetor not choked; (4) 
loose ignition wire connections; (5) interrupter 
breaker points out of adjustment; (6) no gasoline 
in main tank; (7) no gasoline in gravity tank. 
Remove the carburetor float chamber cover, and 
if no gasoline is present, see that the shut-off cock 
underneath the gravity tank is open. If there is 
gasoline in the main tank, and none in the gravity 
tank, see “Gasoline feed” instructions for remedy. 


If the starting motor runs, but does not crank the 
engine: This trouble is hkely to occur only in ex- 
tremely cold weather when the oil congeals, causing 
the starter inertia gear to stick, and not to move 
into mesh with the flywheel gear. A slight tapping 
on the starting motor housing will usually overcome 
the difficulty, but if this fails, start the engine with 
the hand crank and when the motor is warmed up, 
it will operate properly. 
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If the starting motor does not run, this might be 
caused by any of the following: (1) loose connec- 
tions at either starting switch, starting motor or 
battery; (2) battery discharged (test solution 
with hydrometer); (8) dirty starting motor com- 
mutator; (4) worn or loose brushes. 


If the pinion goes into mesh with a “bang” and 
there is considerable noise while cranking, it is 
evident that the clamping bolts (R) (Fig. 5) have 
loosened. Be particular to line up the _motor 
properly before drawing them up. By turning the 
threaded sleeve (B) with the fingers, the pinion (A) 
can be moved into mesh. Unless it meshes easily, 
it is not in line. 


Starting switch: Good contact anda quick release 
are important. Examine the spring occasionally, 
as it must be in good order to prevent damage to 
the gear teeth. Keep the clamping bolts (that 
hold down the motor) drawn up snug at all times, 
otherwise the motor will shift out of line. 


Occasionally a Bendix drive gear will stick in 
mesh, and will not release after the engine has 
started. This is often caused by improper align- 
ment of a starting motor. In this case, or if the 
gear meshes harshly, or spins considerably without 
meshing, proceed as follows: (1) remove bolt (R), 
spring (C) and threaded sleeve (B); (2) wind a strip 
of emery cloth around a stick and clean inside of 
sleeve (B); (3) clean armature shaft; (4) apply 
small amount of light graphite grease to inside of 
sleeve (B) and replace parts; (5) do not grease any 
other part of this drive mechanism, as the action of 
the starter depends upon the inertia weight on 
gear (A), and this action is hindered if grease or 
dirt is on the threads of (B); (6) see that the starting 
motor is in perfect alignment. If not, place 1/64” 
shims under it. 
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Parts of the Behdix drive where trouble may likely 


_Bendix drive troubles may develop from rust and 
dirt collecting on the inner drive shaft and sleeve 
(Fig. 5). This should be cleaned out by means of 
emery paper, being careful to see that no trace of 
emery is left. 


’ Ratio of Gearing 


Ratio of gearing using the Bendix drive: On the 
Ford, as an example, using this system, there are 10 
teeth on the starting motor pinion and 120 teeth on 
the flywheel gear; thus the starting motor turns 
twelve times as fast. 


On the King car (Fig. 4), there are 12 teeth on 
the pinion and 126 on the flywheel gear. The ratio 
Is therefore 1014 to 1. The starting motor cranks 
the engine at a speed of about 150 to 200 r.p.m. 


Care of Starting Motor 


Lubrication: The bearing. at the commutator 
(rear) end is fitted with a wick oil cup underneath 
the bearing. The wick dips into the lubricant and 
the upper end rests against the armature shaft, so 
that the oil is constantly fed to the bearing. The 
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wick should be cleaned with gasoline and the oil 
cup filled with non-fluid oil or vaseline once every 
a ae The oil hole is on top of the bearing 

racket. 


Commutator: The commutator and brushes can 
be exposed by unscrewing the screw in (E) and 


removing the band cover. Do not touch the com- 
mutator so long as the motor starts properly. If 
it becomes dirty, clean with a piece of canvas 
moistened with gasoline; if rough, polish with No. 
00 sand paper while revolving. See Index, under 
“Care of starting motor.” 


BOSCH AUTOMATIC ELECTRO-MAGNETIC PINION SHIFT 


Another ‘‘automatic” method of a flywheel drive 
application of the starting motor is where the gear 
or pinion on the end of the motor armature shaft 
is shifted electrically. This system, now known as 
the “‘Bosch,” was formerly known as the ‘‘Rush- 
more,” and is termed a “displacement type of 
armature’ because the armature shifts endwise. 


Fig. 11. 


C, commutator; B, brushes; L, laminated iron 
core; AWT armature winding terminals; BB, brass bands 
around armature to hold coils in place; F, C, and PP, field core, 
or pole pieces; F, W, field winding; A, S, armature shaft; S, 
segment of commutator, where armature coils connect; MI, 
mica insulation between the copper commutator segments; 
P, drive gear or shaft pinion; FG, flywheel driven gear. 


Displacement Type of Armature 


The armature is so arranged that it can be shifted 
endwise in its bearings, parallel to its axis. 


POLE PIECE: 


Motor armature in non-operating position. 


Fig. 12. 


Tn the normal or non-operating position (Fig. 12), 
the armature is held out of electrical center, or out 
of line with the pole pieces, by means of a spiral 
spring in the commutator end of the armature shaft; 
therefore, when in the normal position (Fig. 12), 
the pinion (P) on the driving shaft of the starting 
motor is kept out of mesh with the gear ring (FG) 
on the flywheel of the engine. 
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Fig. 13. Motor armature in operating position. 


Fig. 13 shows the motor armature in operating 
position. Note that the armature has been pulled 
to the left under the center of the pole pieces and 
the gear (P) on the end of the armature shaft 1s now 
in mesh with flywheel gear (FG). Also note that the 
spring at the left end is now full up into the hollow 
armature shaft. In this position the gear (P) 
revolves the flywheel gear (FG), thus cranking the 


engine. 


Other starting motor armatures, unless of a “dis- 
placement type,” do not shift; imstead, a Bendix 
drive, or other means for connecting the motor 
drive gear (P) with the flywheel gear (FG) is used. 


Principle of Operation 


The principle of the Bosch starting motor is as fol- 
lows: Switch arm (R) is pressed down slowly by 
foot pedal (D), until connection is made across (A) 
to (B). Note that the current from the battery 
must then pass through resistance (E). The 
amount of current is thus limited. A small portion 
of the current will then flow through armature (A), 
while the greater portion flows through the motor 
field coils around pole pieces (PP), forming a strong 
electro-magnet of the field pole pieces (PP). 
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Fig. 14. Principle of operation of the Bosch electro-mag- 
netic pinion shift. 
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The result is that the armature is magnetically 
drawn endwise against the tension of the spring 
(Fig. 13) into the magnetic center of the motor, or, 
in other words, into its working position between 
the pole pieces. 


The passing of the small amount of current 
through the armature causes the armature to rotate 
slowly, and as the rotary motion occurs simulta~ 
neously with the shifting of the armature endwise, 
the meshing of the motor pinion (P) with the gear 
ring on the engine flywheel (FG) is accomplished 
quickly and positively. 


Immediately after connection is made at (A) and 
(B) (Fig. 14), the switch pedal (D) is pressed down 
until (R) is in contact with (C); therefore the resist- 
ance (E) and the connection (A) and (B) and shunt 
wire or cable (W1) are cut out of the circuit and a 
straight ‘“‘series-parallel” motor connection through 
the motor field windings is thus established. This 
allows the entire current to pass through the motor 
field windings and the armature windings. 
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The circuit would then be from (+) terminal of 
battery to terminal (W) on the motor, which con- 
nects with the field windings. The current divides, 
part going through two field coils in series on one 
side and through the two field coils on the other side, 
then from (C1) to (+) brushes on the armature, 
through the armature coils, out (—) brushes, to 
switch arm (R), to (C), to (—) terminal of battery, 
thus completing the circuit. 


As soon as the engine starts, the starting motor 
is relieved of its load, and the current passing 
through it drops rapidly in volume, this being a 
characteristic of all series-starting motors. In con- 
sequence, the strength of the field magnets is 
lessened to a point where the spiral spring in the end 
of the armature shaft overcomes the magnetic 
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attraction holding the armature, and returns it to 
the original or non-operating position. It is this 
action that automatically and positively throws the 
armature shaft pinion (P) out of mesh with the fly- 
wheel gear (FG). 


Thereafter, until the starting switch is released, 
any current which continues to pass through the 
armature will merely cause the latter to revolve 
freely but without meshing with the flywheel, due 
to the fact that the amount of current utilized when 
the motor is running free and the shunt wire (W1) 
is out of the circuit, is not sufficient to overcome 
the tension of the spiral spring. The switch should 
be released quickly. 


The system described was formerly used on the 
Marmon car. 


WESTINGHOUSE STARTING MOTOR WITH AUTOMATIC ELECTRO-MAGNETIC 
4 PINION SHIFT 


The Westinghouse starting motor with an electro- 
magnetic pinion shift was formerly used on the 
Pierce-Arrow, Locomobile, Mercer, Cunningham, 
and McFarlan, and is still used on some cars in 
connection with a magnetic starting switch. 


The internal construction varies slightly on the 
systems used on the cars just mentioned, but the 
principle is similar on all. 


As an example we will use the system (Fig. 16) 
as used on the 1919-20 Locomobile. 
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Fig. 16 (lower). Fig. 17 (upper right) 
The starting motor is a series-wound, round-frame 

type, with four poles and with four brushes. It 

develops 0.7 h.p. at 5.25 volts. It turns the Loco 

“38” engine crank over at about 125 r.p.m., and 

the “48” model engine at 115 r.p.m. 


On each field pole there is a short-circuited coil 
(SCW) for the purpose of preventing the starting 
motor from turning too rapidly as the first rush of 
current passes through the motor. It acts some- 
what like an electric brake for a short period of 
time. These coils reduce the inductive effect, 
temporarily around the field cores, so that the 
starting motor does not revolve fast, but permits a 
current of high value to build up in the magnetic 
solenoid. This short-circuit coil only affects the 
magnetism of the field cores temporarily, and the 
current soon builds up around the field windings 
(FW); thus the motor picks up. speed. 


The magnetic solenoid is mounted on the com- 
mutator end of the motor (Fig. 17). The armature 
is on a hollow shaft. On one end of the hollow shaft 
is the shifting pinion (P) which is splined to it, and 
thus can slide on this hollow shaft. A sliding rod 
runs through the armature hollow shaft which is 
attached to the pinion (P), and it is this sliding 
shaft which is drawn endwise into the magnetic 
solenoid, thus shifting the pinion (P) in mesh with 
the flywheel gear (FG). 


It will thus be observed that the difference be- 
tween this system and the Bosch (Rushmore) 
system (page 321) lies in the fact that instead of 
the entire armature being shifted, as in the Bosch 
“displacement type armature,” to cause the pinion 
(P) to mesh with the flywheel gear (FG), the sliding 
or shifting rod (S, Fig. 17) is moved in the hollow 
shaft of the armature in the Westinghouse (Figs. 
16 and 17). 


When the engine starts on its own power, the 
starting motor is relieved of its load, or, in other 
words, the series-wound motor draws more and 
more current, the heavier the load; the lighter the 
load, the less current it draws. Therefore as the 
load has been relieved, when the engine starts 
to run itself, the current passing through the sole- 
noid and field windings is reduced to such a point 
that the solenoid loses its magnetic pull and the 
spring (not shown) forces the sliding shaft (S) and 
gear (P) out of mesh with the flywheel gear (GP). 


A return spring, not shown, forces the shifting 
rod back so that the gear (P) is out of mesh with 
the flywheel gear (GP) when the motor is not run- 
ning. 


When the starting switch is closed (which could 
be a foot pedal, but in this example is an electro- 
magnetic switch, explained farther on), the circuit 
is from (+) ground (GB) of the battery, to ground 
(G) of the field coils (FW), to (+) brushes, through 
the armature, to (—) brushes, through 
netic solenoid, through the switch, to (—) terminal 
of the battery. 


The electromagnetic Starting switch: This type 
of starting switch takes the place of a foot pedal 
and is operated by a push button placed on the 
gang switch on the dash. 


_ Circuit: When starting, the push button (Fig. 16) 
is depressed. The circuit is from (+) of battery 
ground (GB), through the frame of the car to 
ground (GS) on the push button, through the lock- 
ing switch, through a solenoid winding or coil of 
the magnetic switch, to generator terminal (T), to 
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eut-out point (C), through cut-out series winding 
(S), to (+) generator brush, through the armature 
of the generator, through (—) brush, to terminal 
(T1), to contact on the electromagnetic switch, to 
(—) terminal of the battery. 

When the engine commences to fire and to speed 
up, the voltage of the generator builds up. 


Cut-out voltage coil circuit: The voltage is built 
up in the voltage coil (V) of the cut-out. The cir- 
cuit is from (+) brush, through the series cut-out 
coil (S), through the voltage coil (V), to (—) brush. 
‘This causes the cut-out points (C) to close. There- 
fore the closing of the cut-out points (C) causes the 
circuit from the generator (+) brush to become 
grounded. Thus the electromagnetic starting 
switch has its solenoid coil grounded at (GC) and 
also at the push button (GS), with the result that 
its circuit is opened because its coil is demagnetized 
and the switch (SW) opens (by a spring not shown), 
thus opening the circuit between the starting motor 
and battery. This switch cannot be closed as long 
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as the generator is running fast enough to maintain 
a voltage sufficient to close the cut-out points. 


The generator: In this example a third-brush 
regulated generator is shown. ‘The field poles are 
built up, or magnetized, by the (+) current from 
the armature passing through the third brush, to 
the four shunt field windings, to terminal (T1), 
thence to (—) main brush. 


Charging circuit: When the generator runs at a 
speed corresponding to eight miles per hour car 
speed on high gear, the generator is generating suffi- 
cient voltage to close the cut-out points (C); there- 
fore the generator will charge the battery. 


The circuit is from (++) main brush, through the 
series cut-out coil (S), through the closed points 
(C—now shown open), through the frame of the 
cut-out, to ground (GC), to (+) ground of battery 
(GB), to the connection on the magnetic starting 
eee to the generator terminal (T1), to (—) main 

rush. 


MECHANICAL GEAR-SHIFT APPLICATION TO THE FLYWHEEL 


A mechanical gear-shift arrangement for engaging 
the shifting gear or pinion (J) with flywheel gear (FG) 
is shown in Fig. 18, an early Westinghouse system. 
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Fig. 18. A mechanical gear-shift arrangement for starting 


the engine with a starting motor and reduction gear drive. 


The switch is operated by a foot pedal, which 
closes the electric circuit to the starting motor and 
shifts sliding gear (J) in mesh with flywheel gear (FG). 


When the switch is at position 1 (Fig. 18), the 
starting motor switch is off and starting motor idle. 


The starting pedal is depressed slowly, forming 
position 2. This causes contact to be made at (P) 
with (P1), at which time resistance (R) is in the 
circuit causing the armature to rotate slowly. This 
slow rotation allows pinion (J) to mesh easily with 
the flywheel. 


THE BIJUR DOUBLE-GEARED TYPE 


This type of geared drive shift is the standard, as 
used on the Packard “Twin-six.” It was also used 
on the Nash cars for 1916, 1917, and 1918. 


The Bijur double-geared pinion shift (Fig. 20) 
for starting motors driving through the flywheel is 
similar in some respects to the Bendix (page 319), 
and can be attached to the armature shaft (A) of 
any starting motor with the shaft machined to fit it. 


Names of parts: A,armature shaft; B, drive shaft; 
D, driving gear; E, clutch; H, sleeve; L, eiutch 
spring; M, pinion which meshes with flywheel gear 
or pinion; O, light spring; X, pinion on end of 
armature shaft. 


To start the engine: The driving gear (D) rotates 
the drive shaft (B) through the clutch mechanism 
(B and F). This causes pinion (M) to screw itself 


In position 3, the starting pedal is depressed fully. 
This causes (P) to make contact with (Q), at which 
point the resistance (R) is cut out and the full volt- 
age is applied to the starting motor terminals in 
order to crank the engine. 


After the engine is started, the starting pedal is 
released and the spring de-meshes the pinion (J) 
from flywheel gear (FG), and the switch cuts-out 
and assumes position (1). 


Gear Reduction 


The connection of gears between the starting 
motor and flywheel can be either a single reduction, 
as shown in Fig. 19, or a double reduction, Fig. 19A. 
The single and Bendix drive are used most. 
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Fig. 20. The Bijur double-geared pinion shift. 
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to the left along the shaft (P), and after meshing 
with the teeth of flywheel (M), it continues to 
travel in mesh until (M) comes in contact with 
sleeve (H). It then pushes (H), the whole clutch 
assembly, and driving gear (D) in the same direction 
and compresses the clutch spring (L). 


When the members are in this position there is 
sufficient pressure between the face of the driving 
gear (D) and the clutch member (E) to cause the 


i 
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clutch to transmit to the drive shaft the power 
required for cranking. This it continues to do until 
the engine begins firing. 


When the engine starts the pinion (M) is rotated 
faster by the flywheel than by the electric motor. 
It therefore screws itself to the right and out of 
mesh with the flywheel teeth. On coming out 
of mesh the pinion is cushioned by the spring 
(O). 


CRANK-SHAFT APPLICATION OF STARTING MOTOR 


The starting motor can be connected with the 
crank shaft by means of gears or chains. 


GEARS 


P 


ll 
i 


if 


i 


( 


| 


ARMATURE COMMUTATOR 
Fig. 21 


When connected with the crank shaft by gears, 
there is usually a reduction of gears encased in the 
motor housing, as shown in Fig. 21, which permits 
a reduction of speed, as the starting motor speed is 
too great for connecting direct to the crank shaft. 
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Fig. 22. Showing application of starting motor to crank 
shaft by gears. Note that the clutch isin gear (B). The gears 
are all out of mesh after the motor serves its purpose. (West- 
inghouse method formerly used on the Davis car.) 


An application of a starting motor and generator, 
where the starting motor drives through a chain and 
sprocket and the generator is driven through a 
chain by means of a sprocket and an over-running 
clutch, is shown in Fig, 23. 
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Fig. 23. Starting motor driving the crank shaft b a 
of a chain through a clutch in the sprocket. eta: 


Note that the clutch is in sprocket. Both chain 
and sprocket run with the engine, but the clutch in 
sprocket cuts out the motor after the engine is 
started. (This system was formerly placed by the 
Gray & Davis Co. on the 1914 Overland.) 


The starting motor is started by current from a 
storage battery, thus starting the engine by means of 
a silent chain connected with a sprocket on the 
crank shaft of the engine. After the engine is 
started, the sprocket to which the starting motor 
chain is connected is then operated by the crank 
shaft of the engine. The action of the roller clutch 
permits the two sprockets to run free of the starting 
motor; thus the generator is operated from the 
crank shaft without operating the starting motor. 


Just how this clutch permits this action is ex- 
plained as follows. 


Action of the Roller Clutch 


The roller type of clutch is a popular type of 
clutch and its action should be studied carefully. 
In fact, this type of clutch is now used on a popular 
make of motor-generator, the Delco, as explained 
farther on; but it is used in a different manner from 
that shown with this Gray & Davis system. 
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Fig. 283A. Double sprocket on starting motor shown dis- 
assembled. 


Fig. 23B. Roller clutch and gear A attached to clutch. 
Fig. 23C. GearBattached tostarting motor armature shaft. 


Part shown by Fig. 23B fits over gear B and attaches to motor 
housing, 
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Figs. 23D (left) and 23E (right). 


cae, Showing parts of the roller 


° 


¥ 


THE ELECTRIC STARTING MOTOR 


A reference to Figs. 23A to 23E shows that the 
starting motor is geared, by means of reduction 
gears (A) and (B), to clutch member (D). 


When starting the motor, the armature shaft is 
made to revolve by current from the battery; then 
(D) becomes the driving member and turns in 
direction shown by arrow point (D, Fig. 23D), 
causing rollers (R) to roll outward and clutch 
against the inner surface of sprocket (X), thus trans- 
mitting the power through (D) to (R), to gear (X), 
then by the silent chain to the crank shaft of the 
engine. 


After the engine is thus started and the motor 
switch is off, then the engine drives sprocket (X), 
which becomes the driving member instead of (D). 
This reversed action causes rollers (R) to roll in an 
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opposite direction and against spring stops (S), 
thereby releasing the clutching action to the inside 
of (X). The result is, the double sprocket over-rides 
clutch (D). Therefore when the engine is running, 
clutch (D) and gears (A) and (B) and the starting 
motor are idle. 


Starting Motor Direct on Crank Shaft 


_On some cars, the starting motor is mounted 
directly on the crank shaft by having the armature 
built into the flywheel. This eliminates the neces- 
sity of gears or chains. The motor is a slow-speed 
machine. 


An example of this construction is the U.S.L., 
as used on the Jeffrey (see Index under “U.S.L. 
motor-generator’’), 


TYPES OF STARTING MOTOR SWITCHES 


A foot-operated starting switch for the automatic 
“pinion shift’ drive such as the ‘Bendix,’ is 
shown in Fig. 24. Contact is closed at (a) and (d) 
waen (B) is depressed. 


_ The foot-operated starting-motor switch is the one 
in general use, and while the construction may vary, 
the principle is much the same as in Fig. 24. 


_ An electromagnetically-operated switch (Fig. 25) 
is used in connection with the “electrically operated 
automatic pinion shift” as shown on page 322. The 
operation of this switch is controlled by the push- 
button switch (Fig. 25A), mounted on the dash. 


On many of the Delco systems the starting 
switch is eliminated by raising the starting motor 
brushes at the same time the gears are meshed with 
the flywheel (explained farther on, under the instruc- 
tion on the Deleo system). 


Fig. 25A 


Fig. 25 


Fig. 25. Electro-magnetically operated starting 
automatic pinion shift. 


switch 


Fig. 25A. Push-button switch for magnetically operated 
starting switch. 


RELATION OF THE STORAGE BATTERY TO THE STARTING MOTOR 


The electric current is supplied to the starting 
motor from a storage battery. The voltage is 
usually 6 volts, but some systems use 12 or 18 volts, 
others 24 volts. 


Direct electric current only, is used for starting 
motors. 


The voltage of the storage battery can be ascer- 
tained, by counting the number of cells. For 
instance, if there are three cells, then the battery 
is a six-volt battery. If there are six cells, it is a 
twelve-volt battery. Each cell gives two volts—no 
matter how large or how small. 


The amperage, or quantity of current consumed 
by a starting motor varies according to the condition 
of the engine. If it is cold and the oil is congealed, 
it will require more power to turn the crank shaft 
of the engine over, than if it is warm and flexible. 
The average length of time the starting switch is 
down is about 10 seconds. Therefore, with this 
great quantity of current being drawn from the 
battery, large heavy plates as well as large connec- 
tions from one cell to the other are necessary. Large 
wire or cable for conducting the current to the 
motor is also necessary. 


The average cranking current is 250 to 300 
amperes when starting a cold stiff engine, and about 
150 to 200 amperes when starting a warm flexible 
engine, for, say, one-half of a second, then 120 to 
150 amperes after the engine flywheel is in motion. 
The voltage of a charged battery, when being used 
for starting, drops to approximately 5.4 volts. 
(This subject is further treated under the heading, 
“Storage batteries.’’) 


The overload on the battery, it will be noted, is 
considerable. In fact, it is a temporary dead short- 
circuit for an instant, but, being only momentary, 
a good battery will stand it. 


Charging the Battery 


A starting and lighting storage battery, could be 
charged by removing it from the car and taking it to 
a charging station. But if this were done, owing 
to the great amount of current used, the size of the 
battery required, in order to last for a satisfactory 
period of time, would necessitate entirely too large 
a battery. Therefore a dynamo, also termed a 
“generator,” is operated from the engine. When 
the engine is running the car at a speed of eight 
miles or more per hour, this generator generates 
electric current and charges the storage battery. 
The generator is treated in the next instruction. 


Grounding the Battery 

Sometimes the positive (+) terminal of the 
battery is grounded, and sometimes the negative 
(—) terminal is grounded. On many of the West- 
inghouse electric systems the (+) is grounded. On 
many of the Delco electric systems the (—) is 
grounded; that is, if the wiring system is a “‘single- 
wire grounded” system instead of a ‘“two-wire 
insulated” system. 

If the negative (—) terminal of the battery is 
grounded, then the negative (—) brushes of the 
motor and generator must also be grounded. 

If the positive (+) terminal of the battery is 
grounded, then the positive (+) brushes of the 


. motor and generator must be grounded. 
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DYKE’S INSTRUCTION No. 31 


STARTING MOTOR WINDINGS 


The construction of a starting motor is similar to 
that of a generator, with the following exceptions: 


The windings on the field poles are “‘series,”’ or 
“‘series-parallel,’”” wound instead of ‘‘shunt’’ wound, 
asonagenerator. This gives greater starting torque. 


The armature on a starting motor consists of 
many coils of very heavy wire, and is of a drum- 
wound type (Fig. 1). The core of the armature is 
made of laminated iron with slots for the coils (Fig. 
1A). The armature winding on a two-pole starting 
motor is usually a “lap winding”’ with one coil per 
slot. The winding on a four-pole starting motor 
is usually a ‘‘wave winding.” 


The commutator has as many segments as there 
are coils. There is usually one coil for each slot on — 
starting motors, and two coils per slot for generators. ” 


The brushes rest on the commutator and conduct 
the current from the battery to the armature coils, 
The brushes are in series with the battery, field, 
and armature circuit. 


Field poles: Starting motors usually have four 
poles and four brushes. A two-pole motor or 
generator is said to be of the “bi-polar” type, and 
a four-pole, of the “multi-polar” type. 


When the multi-polar field is used the conductors 
on the armature, revolving between them, cut the 
magnetic lines-of-force many more times in one 
revolution, so that as the size of the machine 
increases the speed decreases—which is an ad- 
vantage. 


A Remy four-pole round-frame type of starting 
motor, with “‘series” field winding is shown in Fig. 2. 


The circuit is from (+) of battery, through a 
starting switch, through four field coils, to (+) 


STARTING MOTOR 
Fig. 2 

brushes, through the armature, out (—) brushes, 

to (—) terminal of battery. This would be termed 


an “insulated,” or ‘“two-wire”’ circuit. 


STARTING NoToR 
Fig, 3 fi 
a 
Practically the same circuit is shown in Fig. 3 
as in Fig. 2, except that the return circuit from (—) 
brushes to (—) grounded terminal of the battery is 
pupae a grounded return through the frame of. 
the car. 
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A Remy four-pole starting motor is shown in Fig. 
4, with a “‘series-parallel”’ field winding. The circuit 
is from (+) of the battery, through the starting 
switch, to (+) field terminal (T) on the generator. 
The current divides here; part going through the 
two-field coils on the left and right respectively, 
to (+) brushes, through the armature, out 
brushes, to ground through the frame of the motor 
and car, to (—) terminal of the battery. 
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Fig. 5 


The same ‘‘series-parallel” field winding is used 
in Fig. 5, but in this example, the (+) of battery is 
grounded instead of the (—). The circuit is then 
from (+) ground of battery, to grounded (+) 
brushes, through the armature, out (—) brushes, 
through the two-field coils on left and right, to the 
starting switch, to (—) terminal of the battery. 
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Fig. 7 


A Delco four-pole round-frame type of “series- 
parallel” field winding is shown as 6. The 
circuit is from (++) of battery, through the starting 
switch, to the two-field coils, to (+) brushes, 


' through armature, out (—) brushes, through the 


two-field coils, to ground to motor through gro 
’ OY, und 
of the frame, to (—) grounded battery ue 


A Simms six-pole round-frame e “Series- 
parallel” field winding is shown eee "There 
are six field poles and six field windings and four 
brushes. One end of each field coil is grounded to 
the frame of the motor; the other ends connect toa 
(—) brush ring which connects to two (—) brushes. 


The circuit: From (+) of battery, 
starting switch, through (+) brushes, through the 


terminal of the battery. 
the 1920 Maxwell. 


THE ELECTRIC STARTING MOTOR 


Fig. 8 


A Remy rectangular frame “series” field-wound 
motor with two “active poles” with field windings 
on them and two “dead poles” without windings is 
shown in Fig. 8. Note the polarity of the poles. 


The circuit: From (+) of battery, to the switch, 
to the top field coil, to the lower field coil, to (++) 
brushes, through the armature, out (—) brushes to 
(—) of battery. 


Fig. 9 


A Remy rectangular frame motor ‘‘series-paral- 
lel”? field wound is shown in Fig. 9. 


PRINCIPLE OF A 


We will assume that there are two field poles 
wound as shown! in Fig. 14, so that the (+) current 
from the battery flows to series field winding (F), 
which would make a N pole of it, because the cur- 
rent from the battery flowing through the wire causes 
magnetic whirls in a direction which would make 
it a N pole (see Index under “‘Electro-magnets’’). 
The battery (+) current is then to field winding 
(F1), which would make a S pole of it. Thus we 
have the main magnetic field flowing from N to 8 
pole. 


Fig. 14 


1In this example we will omit the brushes and use only one 
coil of wire which is suppored to be wrapped around the arma- 
ture, with end of coil (R) connecting with (++) brush, and the 
(L) end of the same coil with (—) brush. Also note that on 
Fig. 14 the (N) designating the North-pole end of the left field 
pole should be on the inner end instead of next to the frame, 
as the magnetic lines-of-force flow out of the N end, across the 
air gap, to the 8 pole end, through the frame, to the N pole 
end again. The magnetic circuit is treated farther on; see 
Index. 
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The circuit: From (+) of battery, to ground, to 
(++) grounded brushes, through the armature, out 
(—) brushes, through the field coils, to (—) of 
battery; series-parallel circuit. 


STARTING & LIGHTINO 
OYNAMO 


Fig. 10 


A Remy “double-decker” motor and generator 
is shown in Fig. 10. The top circuit is that of a 
“shunt”’-wound generator. The lower circuit is 
that. of a starting motor “‘series’”” wound. 


A motor-generator differs from Fig. 10, in that 
both the generator and motor field windings are on 
the same field poles, and only one armature is used. 
See Index under “‘Motor-generators.”’ 


Polarity of Field Poles 


The polarity of the field poles of a motor is the 
same as that of the field poles of a generator. See 
Index. 


STARTING MOTOR 


The battery (+) current is then to field winding 
(F), to (Fl), to armature coil (R), and the current 
is going in. Note that the magnetic whirl around 
this armature wire coil is the same direction at the 
top as the main magnetic field which is passing from 
the N to S pole, but at the bottom of (R), it is in 
the opposite direction. 


After (+) battery current passes through this 
(R) side of the armature coil, it comes out at the 
wire (L) side, and the magnetic whirl at the top of 
(L) is in the opposite direction to the main magnetic 
field (from N to S pole), and at the bottom of wire 
(L), it is in the same direction. 


Therefore we have two magnetic fields to deal 
with, one, the “armature magnetic field,” which 
is set up around the armature wires (L) and (R), and 
the “main magnetic field,” from the N to 8 pole. 


Magnetic lines-of-force cannot flow in opposite 
directions in the same space at the same time. 
Thus the main magnetic field or lines-of-force from 
the N to S pole, pass under wire (L), and being in 
the same direction as the armature coil magnetic 
field lines under (L), they add to and strengthen 
the field below (L), and thus give a lifting effect to 
wire (L). 

The main magnetic field then passes over wire (R), 
because the lines at the top of (R) are in the same 
direction, and thus the strength of the main mag- 
netic field is added to that of the armature coil (R) 
field, giving a push-downward effect. 


The lines-of-force can be considered as elastic 
bands that are always trying to shorten. Thus we 
see why the left side of the coil will be pushed up- 
ward and the right side will be pushed downward, 
which of course acts to produce rotation of the coil 
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if it is pivoted and free to rotate. Thus in Fig. 14, 
we should have a clockwise rotation as indicated 
by the arrow. 


Note that the wires are reversed from battery to 
armature coil in Fig. 15. Therefore the direction 
of the current flow from the battery in armature 
coil (L and R) is reversed, but not the main magnetic 
field. Thus the direction of rotation of the armature 
is reversed. 


If there was but one coil on the armature, as in 
Fig. 16, when (L) and (R) reached a vertical position, 
the main magnetic field or lines-of-force would pass 
directly across from the N to S poles, and if the coil 
should stop in this position there would be no effect 
of rotation, no matter how much current was in the 
coil, or how strong the magnetic field. 


If two coils of wire (Fig. 17, L and R and L1 and 
R1) are used, with their four terminals connected to 
a four-segment commutator (17A), then by placing 
the brushes (B— and B+) as shown, it is possible 
to obtain a continuous rotation. This is true 
because the sides of the coil (L) and (R) are in a 
horizontal position and are in the path of the main 
magnetic field and connected in the circuit by the 
brushes, whereas the sides of the coil (L1) and (R1) 
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FOUR SEGMENT 
COMMUTATOR 


Fig. 17 


Fig. 17A 


are in a vertical position and are disconnected from 
the circuit; but as rotation starts, then (L) and (R) 
would be disconnected from the brushes and (L1) 
and (R1) would be connected, thus establishing a 
continuous rotation. 


By using a number of coils and equally as many 
commutator segments the magnetic force acting on 
the coils will be more continuous. 


This armature would be termed an “open-circuit” 
armature and would not be satisfactory for direct 
current, as only the coil connected by the brushes 
is In use. 


A closed-circuit type of armature is more efficient, 
because all of the coils are used, one side being 
negative and the other side positive, or, in other 
words, the (+) brush would connect with the coils 
on one side of the armature and the (—) brush with 
the coils on the other side. 


If a four-pole type, there would be four sections 
of coils connected to four brushes, two sections and 
two brushes being (+), and the other two sections 
and brushes being (—). 


A generator can be operated as a motor, but is 
not as powerful because its field winding is of small 
wire and the same quantity of current would not 
pass through it as in a starting motor. It is wound 
for about 20 to 25 amperes. 


A starting motor could be used asa generator, but 
would be of very low voltage, in fact impractical, 
because the wire is very large and intended for a 
very high quantity or rate of flow of current. It is 
wound for about 100 amperes or more. 


To Reverse the Direction of Rotation of a Motor 


From the explanations in connection with Figs. 
14 and 15, it is seen that if the direction of either 
the magnetic flux or the current through the 
armature or field is reversed, the motor will revolve 
in the opposite direction. In order, then, to reverse 
the direction of rotation of a motor, we can inter- 
change either the field leads or the armature leads.1 


STARTING MOTOR BRUSHES 


Thus two brushes are used on a two-pole motor or 
generator, and either four or two, on a four-pole. 


If two brushes are used on a four-pole motor or 
generator, then they are placed 90° apart. It is 
the usual practice however to use four brushes on a 


four-pole motor, owing to the heavy current they 
carry. 


1 See also, Index under ‘‘Generator brushes.’’ 


_ Brushes used on motors are made of a composi- 
tion material something like carbon and graphite. 
Copper gauze brushes are also used on. some of the 
starting motors, for reasons stated farther on. 
Generator brushes are made of carbon and have 
more resistance than motor brushes (see Index, 
under ‘Generator brushes’”’). 


_1A. L. Dyke, St. Louis, Mo., is in a position to furnish books 
giving data for testing starting motors, generators, etc., of all 
makes. Write for circular, 5 : at 


THE ELECTRIC STARTING MOTOR 


Remy Instructions on Starting-Motor Brushes 


Copper gauze brushes are used on starting motors 
because they give the lowest contact resistance on 
the commutator and allow the maximum current 
to flow through the motor at a given voltage. This 
permits the motor to develop its maximum torque. 
Two brushes on each motor are impregnated with 
petrolatum to provide lubrication. Under normal 
conditions this should be sufficient for the life of the 
car. Copper gauze brushes should be fitted to the 
commutator by tapping them lightly. 

It sometimes happens that a motor is operated 
under adverse conditions; perhaps the brushes are 
not properly seated or the rocker ring is not set in 
the position which gives the best commutation. In 
any of these cases there will be excessive sparking at 
the brushes and the commutator will become hot. 
This will cause the lubricant to melt and run out of 
the brushes. When this occurs there will be a cutting 
and burning action that will materially shorten the 
life of both commutator and brushes. 


In order to take care of these conditions it is advis- 
able to use brushes made of a mixture of copper and 
graphite. These may reduce the maximum torque 
of the motor, but the difference is so slight that it 
can scarcely be noticed. They will give better 
commutation and are self-lubricating. 


When new brushes are required at short intervals 
by a starting motor, examine it carefully to make 
sure that the trouble is not due to a shorted field or 
a damaged armature. Remember that any kind 
of trouble in a starting motor will usually cause 
damage to the commutator. 
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Copper-graphite brushes should be ground in 
with sandpaper in the same way that generator 
brushes are seated. The brushes should be located 
approximately on electrical neutral, which will be 
found at the center line of the poles. Moving the 
brushes in a direction opposite to the rotation of 
the armature will improve commutation, but will 
decrease the torque of the motor. 


Never undercut the mica in starting motor com- 
mutators. (The subjects of undercutting mica and 
seating brushes, etc., are explained under a separate 
instruction farther on.) 


Setting brushes on motors. Motor brushes 
should be set at the position of least sparking when 
the machine is carrying full load. This position 
will be located a short distance back (in the direc- 
tion opposite to rotation and the reverse of the 
direction for generator brushes) from the neutral 
plane. 


To set motor brushes in the correct position, 
place the machine on block test and apply a load 
approximately equal to that which it is normally 
required to carry. (This load will be about 40 lbs. 
on a pulley of 6’’ diameter, or 10 ft. lbs. for starting 
motors; see Index under ‘“‘Torque test of a starting 
motor.”’) The speed of a motor is greatest when 
the brushes are at the neutral plane and decreases 
as they are moved away from that position. 


The voltage of a generator and speed of a motor 
can be changed considerably by moving the brushes, 
providing the machine is not so heavily loaded as 
to cause it to spark badly. 


PARTS OF A STARTING MOTOR (N.E. USED ON THE REO AS EXAMPLE) 


As an example of the internal construction of a 
starting motor, the North-East “model R” starting 
motor, as used on the Reo “models T6 and U6” 
car is shown. 


The starting-motor internal construction, so far 


as the armature, the commutator,the brushes, etc., 


are concerned, is very much the same on all starting 
motors. Thus Fig. 18 will give a good general idea 
as to the location and name of parts. Note the 
heavy coarse winding on the armature and field 
coils, which is necessary in order to carry the heavy 
current. 
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Fig. 18. TFour-pole, straight series-wound starting motor 


The drive method in general use is the “Bendix 
drive system,” through the flywheel, as explained 
on page 319. 

On the Reo starting motor (Figs. 18 and 18A), 
the drive method is through the transmission shaft, 
through the clutch to the flywheel. The gear-shift 
lever, of course, must be in neutral position. 

The construction and action of the drive system 
used on the Reo is as follows: 


The starting motor (Fig. 18) is mounted on the 
right-hand side of the transmission where it can be 
reached by raising the floor board. It cranks the 
engine through a chain drive operated in conjunc- 
tion with a ratchet engagement (Fig. 18A) on the 
universal joint shaft. 
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The ratchet is controlled by the starting switch 
pedal, so the motor is in action only during the actual 
period in which the starting switch is closed. 


Under average conditions it will crank the engine 
at a crank-shaft speed of approximately 100 r.p.m., 
depending upon the condition of the battery. The 
cranking speed will of course be materially reduced 
in extremely cold weather, or in the case of a dis- 
charged battery. 


Starting Action 


To crank the engine by means of the starter, first 
make sure that the clutch pedal is in the driving 
position and the gear-shifting lever is in neutral 
(the starter cannot be operated with the gears in 
mesh), and be sure to retard the spark lever fully. 
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Next turn on the ignition and press down the starter 
push-rod. Hold the starting switch closed until 
the engine begins to run on its own power, and then 
release it at once. Finally, advance the spark to 
the running position and adjust the supply of gas 
as required. 


Depressing the foot plunger (Fig. 18A) puts the 
starting ratchet into engagement and at the same 
time the switch is closed to complete the starting 
circuit. 


The starting lever is forked, one arm operating 
the switch contactor and the other acting upon the 
friction cable. 


When the starter push-rod is depressed by the 
driver’s foot, the friction cable is thus tightened so 
as to retard the starter sheave. 
trip-pin to enter its slot in the sheave and cause 
the pawl to engage with the ratchet, whereupon 
the universal shaft and the starting sprocket are 
made to rotate as a unit. When the engine “picks 
up” and begins to run under its own power, the 
ratchet will be revolved faster than the sheave and 
sprocket, and the pawl will be thrown out of 
engagement. As seon as this occurs the starter 


This allows the . 


push-rod should be released at once to remove the 
tension from the friction cable and also to open the 
switch contacts. This entirely disconnects the 
starting motor mechanically as well as electrically, 
and permits it to remain inoperative until the next 
time it is called upon to crank the engine. 


The starter mechanism should be kept adjusted so that the 
friction cable has just enough tension to retard the sheave 
properly at starting and at the same time avoid holding the 
ratchet in partial engagement after the starter push-rod has 
been released. This adjustment is accomplished by modifying 
the tension on the friction cable by means of the nut and stud 
provided for the purpose. The need of adjustment will be 
evidenced by the starting motor tending to run without turn- 
ing the universal shaft or by its starting the shaft with a severe 
pound, mice bing that the pawl does not engage as quickly as 
it should. 


The generator, a two-pole, third-brush regulated machine, 
and ignition are separate units. The generator is driven 
through a flexible coupling, similar to a magneto drive, on the 
left-hand side of the engine. 


The ignition unit is mounted on the rear of the engine and 
is driven at cam-shaft speed from the cam shaft. 


Delco Starting Motors 


The Delco starting motor is treated under the 
Delco instruction. 


STARTING-MOTOR TROUBLES 


Starting-motor troubles, both ‘electrical’ and 
“mechanical,” are treated under ‘Digest of 
Troubles” (see Index). A few of the common 
starting motor troubles are given below. 


If the starting motor fails to start, the trouble is 
usually due to one of the following causes: 


1. Battery almost or entirely exhausted, the indica- 
tions of which are that the lights burn dimly, 
especially when attempting to start the engine. 
Test battery for specific gravity and recharge 
from an outside source. 


Where a car is used a great deal in cases where 
frequent. cranking is necessary, or where it is 
run at nights and very little in the day time, the 
probabilities are that the generator will not keep 
the battery fully charged. The generator should 
be adjusted for its highest charging rate under 
these conditions, and it may be necessary to 
have it recharged at an outside source occasion- 
ally, especially during cold weather when the 
engine is cold and stiff, since under these condi- 
tions it requires more current for the motor to 
start the engine. 


2. Loose connections or open circuit: Loose con- 
nections would cause the motor not to operate 
at its full capacity, as the loose connection would 
cause resistance to the flow of current. 


Loose connections would include examination 
of such parts as the terminals of the battery, 
grounded battery terminal to the frame of the 
car, motor terminal, grounded connection inside 


of the motor where it terminates with a screw, 
and the switch connections. 


Loose connections at the brush terminals and 
brushes not seating properly, or worn short, are 
common troubles with starting motors which 
have been run for a long time. 


An open circuit would of course prevent the 
starting motor from operating at all. 


3. Starting switch not making proper contact: The 
switch connections should be examined. When 
the switch connections are suspected, connect a 
Jumper across the switch terminals. If the 
motor spins, the starting switch is defective 
inside. Should the motor fail to start, then you 
will know the trouble is elsewhere. 


4. Dirty or greasy commutator: This would pre- 
vent the starting motor from working up to its 
capacity. 


See Index under “Commutator troubles.” Oil 
or grease should never be put on the commutator. 


5. Inoperative motor: Some of the causes would be, 
run-down battery, brushes not seating, open 
pot at terminals or ground connections, or 
switch. 


6. The Bendix drive may be out of order. 


aoe See page 


Testing Starting Motors 


Torque-test explanations and other tests ¢ 
found by referring to the Index. snipe 


INSTRUCTION No. 32 


THE ELECTRIC GENERATOR: Construction and Principle; 
Armature Windings 


PURPOSE OF THE GENERATOR 


The purpose of the electric generator on an auto- 
mobile is to supply direct electric current for charg- 
ing the storage battery, for lights, for ignition, and 
also for the electric horn, when it is being run fast 
enough to generate sufficient voltage to close the 
cut-out points between the generator circuit and 
the battery circuit. 


If the battery is a three-cell, six-volt battery, the 
generator voltage should be slightly more than the 
battery, or about 6.5 before the cut-out points would 
close. The generator generates this voltage, on an 
average, when the car is driven at about 8 miles or 
more per hour on high gear, and the current passes 
through the ammeter on the “charge”’ side. 


When the generator is driven at speeds less than 
this, then the cut-out points remain open and the 
ignition, lights, and horn are dependent upon the 
battery for its electric supply. In this case the 
current passes through the ammeter on the ‘‘dis- 
charge”’ side, 


The battery always supplies the electric current 
for the starting motor to crank the engine. The 
current is never taken from the generator for this 
purpose, for two reasons. One reason is that the 
engine is idle and not running when it is desirable 
to use the starting motor, and thus generator is 
not generating any current at all. The second 
reason is that the generator seldom delivers over 22 
amperes at the most, whereas the starting motor 
requires from 120 to 250 or more amperes to start 
the engine. 


The charging current from the generator to the 
battery is taken through the ammeter, but the 
current from the battery to the starting motor is 
never passed through the ammeter, because the 
ammeter on the cowl board seldom reads above 
30 amperes, and thus would be burned out. 


Water Analogy of the Electric System 


In order to simplify the electric system on an 
automobile, a water analogy is given below. 


CUT OFF VALVE 


utlet WATER 
— CHECK, EUET 
VALVE 
Water 
ee Motor 
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ed lee -— 
Fig. 1 


The water pump (Fig. 1) is driven by some 
mechanical force and draws water from a source at 
the inlet. The water is forced through a check 
valve into and through the pipe, through the water 
meter to a tank. The check valve prevents the 
water flowing back to the water pump, when it is 
not in operation, or when it is not running at suffi- 
cient speed to force water to the tank. 
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A water motor can be driven from the pressure of 
water from the tank. 


Starting. Switch 


The electric system (Fig. 2) is similar. The 
generator generates electricity from the magnetic 
lines-of-force at the field poles, around which are 
the shunt field windings; it then forces the elec- 
tricity through the wires, through the cut-out (act- 
ing as a check valve), through the ammeter which 
shows the rate-of-flow of electricity in amperes, in 
the same manner that the water meter shows the 
rate-of-flow of water through the pipe, thence to the 
storage battery, which is similar to the tank. 


_ The cut-out prevents the battery from discharg- 
ing back into the generator. 


The starting motor (like the water motor) can be 
operated by current from the battery (it cannot 
however be operated from the generator). 


A point which must be considered, is the speed of 
the pump. If its speed was too great, it would pro- 
duce a greater pressure, and consequently a greater 
rate-of-flow of water. This could be regulated with 
an automatic governor. 


Just so with the generator. If the speed of the 
generator were increased, the e.m.f., or pressure, 
increases, and consequently the rate-of-flow of 
current in amperes is greater. The probabilities 
are that at very high speeds the voltage (e.m.f.) 
generated would be so great that the lights would 
be burned out. For this reason an action similar 
to a governor action is made use of on generators, 
in order to regulate the output of the generator, or 
to keep the voltage constant, or the amperage con- 
stant, or both, at various speeds of the generator, as 
it increases or decreases in speed, when the engine 
is speeded up or slowed down. 


A mechanical governor was used on some of the 
early models of generators, but is now practically 
an obsolete method, and instead, a third-brush 
method is now more generally used, as will be ex- 
plained farther on. 


The regulation method as used in the generator 
(Fig. 2) is a third-brush method of regulating the 
output of the generator (see lower brush connect- 
ing with the field winding. This principle is ex- 
plained farther on). 


The subject of the regulation of a generator, or 
methods of governing the output at high speeds, is 
therefore one of considerable importance and will 
be treated farther on. 
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ELECTRICAL CIRCUITS; THEIR RELATION 


Before proceeding farther, it is advisable that the 
reader clearly understand the circuits of the elec- 
trical system. 


The circuit of a typical electric system is shown 
in Fig. 3. When starting to trace an electric sys- 
tem, always divide the system into the parts men- 
tioned below. 


When starting to trace one of the “eight” circuits, 
begin with the source of electric supply. For 
instance: the “generator field circuit,” the “cut-out 
voltage circuit,” the “battery charging circuit,” 
would each begin with the (+) brush of the genera- 
tor. 


The “starting-motor circuit’? would begin with 
the (++) terminal of the battery, and likewise the 


of the battery, because direct electric current always 
flows from (++) or positive. 


Therefore, if the (++) terminal of the battery is 
grounded, then the (+) brush of the generator must 
be grounded. In this example (Fig. 3), the (—) 
terminal of the battery is grounded at (G2); there- 
fore the (—) brush of the generator is grounded at 
(G). 


When tracing the field circuit, the regulation 
generator system is always included in this circuit. 
For instance, the generator in Fig. 3 uses a “third- 
brush regulation” system (explained farther on), 
and the third brush (lower brush on the right) 
always connects with one end of the field windings. 
The third brush may be connected with the (++) or 
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Fig. 3. Note that 


the battery or generator, 
the ‘‘disenarge’”’ side. 
the battery, the current to 


‘Ggnition” and “horn” circuits, unless the engine 
was running at such a speed that the current for 
‘gnition,” “lights,” and “horn” would be taken 
from the generator, in which instance, begin with 
the (++) brush of the generator, 


The several circuits are: 


. Generator ‘‘field circuit.”’ 

. Cut-out “shunt or voltage circuit.” 

. Battery “charging circuit.” 

. Battery “discharge circuit” back through cut-out. 
. Starting “motor circuit.” 

. “Tgnition circuit”; primary and secondary. 

. “Lighting circuit.” 

. “Horn circuit” (not shown in Fig. 3). 


ONOoORWNHH 


Generator Circuits 


Taking the generator field circuit first, always 
start with the (+) main brush of the generator. If 
the brushes are not marked (++) or (—), then look 
at the battery, as it usually indicates which terminal 
is grounded. And we know that the current from 
the generator to charge the battery must come 
from the (++) brush and pass into the (++) terminal 


xxx 
ItTgs “© 
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all switches and cut-out points (P) are open. 
hen current is being taken from the battery for ignition and lights, 
The ammeter is not ecnnected with the starting motor circuit at all. 
the battery passes through the meter, 


G2 


The ammeter is at (O). Current is not flowing from 


the ammeter needle goes to 
When the generator is charging 
and the needle goes to the ‘‘charge”’ side. 


(—) end. 
(—) end. 


The field circuit therefore starts with the (+) 
main brush of the generator, through both shunt 
field windings (this is a two-pole generator), to the 
(—) third brush, through the armature to the (+) 
main brush (B). This completes the field circuit. 
The generator field winding is a shunt-wound 
generator. 


In this instance it is connected with the 


Purpose and Principle of the Cut-Out 


The cut-out shunt or voltage winding circuit is 
from the (+) main brush to the fine wire voltage 
winding (V), to ground (G1), to the frame of the 
Fenner or car, to the grounded (—) main brush 


This cut-out voltage winding (V) consists of very 
fine wire wrapped around a soft iron core (C). Its 
purpose 1s to magnetize the core (C) so that the core 
will draw the iron cut-out armature blade (A) to it, 
thus closing the points (P), so that the charging cur- 
rent can flow from the (+) brush of the generator 
to the (+) terminal of the battery. 


THE ELECTRIC GENERATOR 


The cut-out voltage winding (V) is wound with 
such a size and number of layers and turns of wire, 
that it does not create enough magnetic force to 
draw the blade (A) against the tension of the spring 
(Sp.) until the generator speed is such that its 
voitage is higher than that of the battery, which is, 
in this example, about 6.5 volts. 


Note that the current passes through this winding 
(V) whenever the generator is generating any cur- 
rent at all. Since the winding consists of very fine 


wire, however, the amperage is very slight. 


CUT-OUT POINTS "P” 
CLOS t D 


CHARGE 


7% 
NS. _SHE ~~ GENERATOR 


Fig. 4. Note that cut-out points (P) are now closed; there- 
fore current from the generator is passing through ammeter to 
battery, and the needle is on the “‘charge” side of (O). About 
10 to 15 amperes is usually the highest rate when the generator 
is running at 1,000 r.p.m. or more. 22 amperes is the extreme 
limit for which a generator can be adjusted, and with some 
generators 15 or 16 amperes is the limit. 


Battery charging circuit: When points (P) on the 
cut-out are closed (Fig. 4), the path is from the (++) 
main brush (B) of the generator, through the closed 
points (P), through the series or current coil (S) of 
the cut-out, through the ammeter, which now shows 
the needle on the “‘charge”’ side of (O), to the (+) 
terminal of the battery, out to (—) terminal of the 
battery which is grounded (G2), to the (—) main 
grounded brush (G) of the generator. 


Battery discharge circuit: If the generator speed 
drops to a point where the voltage of the generator 
is less than the voltage of the battery, the circuit 
would then be (see Fig. 5) from (+) of the battery, 
through the ammeter in a reverse direction to what 
it was in Fig. 4, thus causing the needle to go to the 
“discharge” side (showing about 2 amperes dis- 
charge), thence through series winding (S) of the 
cut-out in a reverse direction, through points (P), to 
the (+) main brush of the generator, through the 
armature to the (—) main brush, to ground (G), 
to the (—) grounded terminal of the battery (G2). 
The points (P) will instantly open when this circuit 
is completed. 

The reason why the discharge through the series 


coil (S) of the cut-out is necessary, is to insure a 
quick demagnetization of the core (C). 


Note in Fig. 4, that when current_is flowing 
through the fine wire voltage winding (V) and the 
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CUT-OUT POINTS"P” JUST OPENING AS BATTERY 15 
DISCHARGING AT 2 AMP. THRU COIL”S"IN REVERSE 
DIRECTION- DEMAGNETIZING CORE °C’ 


AMMETER 


SHOWS 
“DISCHARGE” 


BATTERY 
3 CELL 6-VOLT 


“ , 

~_SHE_-” GENERATOR 

Fig. 5. Generator speed is low, consequently the voltage 
of the generator has dropped to a lower voltage than the bat- 
tery. The battery discharges for an instant through the 
ammeter and cut-out series coil (S) in opposite, or reverse direc- 
tion, at about 2 amperes, thus demagnetizing core (C), and 
opening points (P). Note that the needle of the ammeter is on 
the “‘discharge’’ side of (O) during this operation. It will 
immediately go to (O) if the engineisstopped. If the engine is 
kept running (slowly) with ignition switch on, then the amount 
of current from the battery for ignition will be indicated on 
the ‘discharge’ side. Orif the light switch is ‘‘on,’’ the amount 
of current from the battery for the lights will be indicated on 
the ‘‘discharge”’ side. The generator, however, is cut out of 
the circuits at points (P). 


coarse series winding (S), the direction of the flow 
of current is in the same direction around the core. 
Thus a very strong magnetic pull is exerted by the 
core (C) with (A), and the polarity of one end of 
the core is N and the other end S. 


When the current from the (++) terminal of the 
battery passes back through series coil (S) in a reverse 
direction, as shown in Fig. 5, this causes the series 
coil (S) to “buck,’”’ or oppose, the current flowing 
in the voltage coil winding from the generator, 
which is still flowing in its original direction. But, 
as the generator speed is low, the influence of the 
coil (V) is weak, with the result that coil (S) tends 
to change the polarity of the core (C), thus demag- 
netizing it, and causing a quick release of blade (A). 
For this reason the cut-out is often termed a 
“reverse current cut-out.” 


Starting-Motor Circuit 


The starting motor circuit is never from the 
generator. The generator never delivers, at its 
highest output, over 22 amperes, and at times the 
starting motor requires from 150 amperes at normal 
conditions, up to 450 amperes or more if cold and 
stiff. This great overload on the battery is only 
momentary when first turning the engine over. 
After the engine turns over, the current is less, 
dropping to about 120 to 200 amperes. 


_ Thus the starting motor never takes its current 
from the generator. The generator charges the 
battery and the battery supplies current for the 
starting motor. 

Likewise the ammeter on the dash is never con- 
nected in the starting motor circuit, as it seldom 
reads higher than 30 amperes. 
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The starting motor circuit (Fig. 3) is from the 
(--) terminal of the battery, through the starting 
switch, through the ‘‘series-parallel’’ field windings, 
through the (+) brushes, through the armature, 
to the (—) brushes, to ground (G3), to (—) grounded 
terminal of the battery (G2). 


Note that the field circuit of this starting motor 
is what is termed a “series-parallel” field circuit. 
There are four poles and four field windings. The 
current divides at the top and passes through two 
field coils, to the (+) brushes, through the armature 
to the (—) brushes, thence through the two lower 
field coils to ground (G3), to grounded (—) terminal 
of the battery (G2). 


Ignition Circuit 


Ignition: The ignition switch (6), which is shown 
open in Fig. 3, would first. be closed. The circuit 
would then be from the (+) terminal of the battery 
(if the generator is running slow). In such cases, 
the ammeter would indicate a current “discharge” 
taken from the battery. 


If the generator is running at a speed at which it 
is charging the battery, then the current for the 
primary ignition circuit would be taken from the 
generator, and the ammeter would be on the 
“charge”’ side. 


The ignition primary circuit is, then, from the 
(+) terminal of the battery, or the (++) brush of 
the generator, to the closed ignition switch, to (6), 
to terminal on the coil, through the ignition 
resistance unit, through the primary winding (PR), 
to the coil terminal, to the insulated contact on 
contact-breaker, to the movable arm, to ground 
(G5), to the (—) ground of the battery (G2), or the 
generator (G). 


The condenser is in the coil, and is connected 
across the grounded terminal (G5) and the insulated 
terminal of the contact-breaker. 


The ignition secondary circuit is from the second- 
ary winding of the coil (SEC), to the distributor, 
to the spark plugs, through the spark-plug gaps (X), 
to ground of the engine (G6), to ground of the coil 
(G4), to the secondary winding (SEC). 


The lighting circuit is similar to the ignition cir- 
cuit. The lighting circuit and ignition circuit 
almost always start at the ( +) side of the ignition 
and lighting switch and circuits are traced from that 
point. The circuit would be (in Fig. 3) from the 
(++) terminal of the generator or battery, through 
the closed lighting switch, to (7), to the two lamps 
connected in “parallel,” to ground, to (—) ground 
of the battery (G2), or (—) ground of the generator 


(G). See Index for “Wiring diagrams.” 


Floating a Storage Battery on the Line 


This term refers to the Storage battery used in 
connection with a generator, where the storage bat- 
tery supplies current for lights, when the generator 
1s running slow or not running at all, as explained 
heretofore. 


The generator charges the battery and supplies 
current for lights when running at sufficient speed. 
If the speed of the engine is varied, the battery would 
be in use part of the time and part of the time the 
generator; the battery would then be “floating.” 


The “cut-out” would be changing from one to 
the other, owing to the variable speed of the 
engine. 
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Ammeter Indications 


The ammeter is always placed in series with the 
circuit, and in Fig. 3 it would indicate on the “dis- 
charge”’ side of (O) when current is taken from the 
battery for ignition, lights, horn, or discharge back 
through the cut-out. When current is flowing from 
generator to battery, it would indicate on the 
“charge” side the amount of current flowing to the 
battery. 


For instance, examples of the action of the am- 
meter will be given as follows: 


If starting motor switch is closed: The ammeter 
would not be in this circuit at all, ar4 is never 
placed in this circuit unless a “shunt’’ is —sed with 
it (explained farther on). 


If the engine is idling, or not running at all, and 
lights and ignition switches are closed, and cut-out 
points (P) are open (Fig. 3): In this case the battery 
would be supplying the current and would be dis- 
charging. Thus current from the (+) terminal of 
the battery would flow through the ammeter to 
the ignition and light switches, through the circuits, 
to the (—) ground of the battery (G2), and in doing 
so, it would cause the ammeter needle to go to the 
left of (O), or the “discharge” side, and would 
indicate the amount of current being discharged 
or taken from the battery. for ignition and lights. 
For instance, if the ignition consumed 2 amperes 
and the lights 5 amperes, the needle would indicate 
7 amperes on the ‘‘discharge’”’ side of (O). 


Engine driving generator at a speed where gener- 
ator is charging battery and cut-out points (P) are 
closed, and light switch open: We will assume that 
the maximum amount of current flowing to the 
battery from the generator is, at the rate of, say, 
15 amperes. The battery would then be receiving 
a “charge” instead of “discharging”; thus the direc- 
tion of the flow of current would be from the (+) 
brush of the generator, through the ammeter, to 
(+) of the battery in an opposite direction to what 
it did flow through the ammeter when discharging 
from the battery. Therefore, the ammeter needle 
would indicate on the “charge” side of (O) the 
amount of current flowing to the battery, or 15 
amperes. 


The ignition switch connection being at the left 
of the ammeter, the current required for ignition 
1s, Say, 2 amperes; therefore the actual amount of 
current taken from the generator would then be 
17 amperes, but only 15 would show on the 
ammeter. 


Note. All ammeters are constructed so that the (+) ter- 
minal of the ammeter is connected with the (++) terminal of the 
source being tested, and the needle will then move in one direc- 
tion on the scale. If connections are reversed, the needle will 
read in the opposite direction. On ammeters used for testing 
purposes, the (O) (zero), is usually placed at the extreme left 
of the scale, and when connected properly the needle will pass 
to the right; if connected wrong it will pass to the left, thus 
indicating that the connections to the ammeter are not correct. 


On dash ammeters, however, as shown in Figs. 3, 4, and 5, 
ee sy aod in aoe center of the scale, so that it will indi- 
cate 1 a ‘charge”’ of current is going to the battery, i 
battery is being “discharged.” : a 


The “discharge” side on the dash-ammeter (Fi 
; 01 : gs. 3,4, and 5 
is on the left, and the ‘‘charge”’ side is on the right of o> 
This, however, varies, a8 Some manufacturers reverse the order. 


Engine driving generator at a speed where gener- 
ator is charging battery, and cut-out points (P) are 
closed, and light switch is closed: In the previous 
example we assumed that the ignition switch was 

on” and the light switch “open” and that 15 
amperes was passing to the battery from the gener- — 
ator, after giving 2 amperes to the ignition, which 


THE ELECTRIC GENERATOR 


would be indicated on the “charge” side of the 
ammeter. Therefore, if we throw ‘‘on” the light 
switch, and if the lights consumed, say, 5 amperes, 
then instead of the battery receiving 15 amperes, 
it would be cut down to 10 amperes. Thus 10 
amperes would be indicated on the “charge’’ side 
as the amount of current flowing to the battery 
from the generator. 


Take the case-where the generator is running at 
sufficient speed to charge the battery, and cut-out 
points (P) are closed, and the ignition switch is 
closed but the light switch is open. Let us assume 
that the generator is running at sufficient speed to 
deliver 17 amperes. Then, the ignition switch being 
“on” and ignition consuming 2 amperes, 15 amperes 
would pass to the battery, and this would be indi- 
cated on the “‘charge”’ side of the ammeter. 


if the light switch is now closed, and the lights 
take 5 amperes, then the rate of flow would be cut 
down to 10 amperes. Therefore 10 amperes would 
be indicated on the ammeter. 


The point to grasp in connection with the fore- 
going explanations, is that when current is supplied 
from the battery, the more current that is taken 
from the battery for ignition, lights, etc., the greater 
the indications on the ammeter on the ‘“‘discharge”’ 
side, because the battery is capable of giving a 
discharge supply, up to its capacity. 
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On the other hand, when current is taken from 
the generator, its output is limited by the speed of 
the generator, and if its maximum output Is, say, 
17 amperes, then as the different circuits are thrown 
“on,” they reduce this maximum amount of current 
which would pass to the battery accordingly. Thus 
when lights are thrown “on,” the “charge” side of 
the ammeter will indicate less current flowing to 
the battery. 


The ammeter is placed, sometimes at one position 
and sometimes at another position, but is usually 
arranged so that as current is consumed from the 
battery for all purposes except the starting motor, 
it indicates the total amount on the ‘‘discharge”’ 
side of the ammeter and also shows the net amount 
of current flowing to the battery from the generator 
on the “‘charge” side. See Index for ‘Wiring dia- 
grams’; see also the instruction on the Delco 
system for the location of the ammeter on various 
systems. 


Suppose, however, that the ammeter was placed 
at (X) on the left side of the ignition and the light 
switch. What would the indications be? 


Take the case where the engine is idling and the 
cut-out points (P) are open, with ignition and light 
switches closed. The “discharge” from the battery 
for both ignition and lights would not be indicated 
on the ammeter at all. The needle would stand at 
(O) because the circuit through the ammeter would 
be open at the cut-out points (P). 


PRELIMINARY EXPLANATION OF THE CONSTRUCTION OF A GENERATOR 


A round-frame, ‘‘bi-polar’’ (two field poles) direct 
current (dynamo) generator is shown in Fig. 6. 
The cut-out shown mounted on the generator is 
sometimes placed in the generator or on the inside 
of the dash. 


Com- 


A round frame bi-polar type of generator. 
mutator and brush cover removed. 


Fig. 6. 


There are two “‘field poles” (PP) on the generator, 
shown in Fig. 7, and it is thus termed a “bi-polar’’ 
type. Around the field poles are windings. When 
the armature revolves, current flows through the 
field windings from the armature, and thus causes 
the field poles to become magnetized just like electro- 
magnets. Therefore the field poles (PP) are 
“electromagnetized.”’ 


When the field poles become magnetized, the 
lines-of-force pass from one pole to the other, and 
as the armature revolves between the poles, the 
lines-of-force are cut and current is generated. 


The brush holders and brushes are mounted on 
the end of the generator, as shown in Fig. 8. The 
brushes rest on the commutator, as in Fig. 6. 


Fig. 7. End plate at drive end removed, showing field-coils 
or windings and one of the pole pieces (PP). 


There are two carbon brushes on a bi-polar 
generator (placed 180° apart) and four brushes (or 
two brushes placed 90° apart) on a four-pole or 
“multi-polar” generator. 


There are usually four field poles on a starting 
motor, due to the fact that considerable power is 
required and the pulling power of the ‘‘electro-mag- 
netized”’ fields must be very strong. 


Fig. 8. The brush holder and brushes. 
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Armatures for generators are of “drum” type 
of construction. The “shuttle” type armature, as 
used on the magneto, cannot be used with a genera- 
tor, as it generates and delivers “alternating” cur- 
rent, whereas only “direct”? current can be used to 
charge a storage battery. 


COLLECTOR RING 
SHUTTLE ARMATURE 


4 


Fig. 9. A ‘shuttle’ type of armature used on magnetos, 
which generates “alternating” current. Note that instead of a 
commutator, there is a “collector ring.’”’ Not suitable for a 
generator for charging a storage battery, used only on magnetos. 


Fig. 10. A “drum” type of armature used on “‘direct’’ cur- 
rent generators which is suitable for charging batteries. All 
generators produce alternating current, but the “commutator”’ 
with two or more brushes direct the flow in one direction, thus 
establishing a positive (-++) and negative (—) terminal at the 
brushes, whereas the current taken from a ‘‘collector ring”’ ona 
shuttle type armature alternates from positive to negative and 
vice versa. 


All generators, generate alternating current, which 
is converted into direct current at the commutator. 


The commutator has as many copper segments 
as there are coils on the armature. On many gener- 
ators theré are two coils wound in each armature 
core slot. There are thus twice as many commu- 
tator segments as slots. 


Parts of an Electric Generator 


A sectional view of a typical direct current 
generator is shown in Fig. 11. 
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Fig. 11. Parts of the N. E. generator. 
The parts are given in the illustration. A “drum”? 
type of armature with a commutator is used. 


Single-Unit, Two-Unit, and Three-Unit 
Electric Systems 


A single-unit system (one type of the Delco sys- 
tem, as an example) combines a starting motor, 
generator (direct current), and ignition all in one 
machine. See Fig. 12. 


The one armature and one set of field magnets 
serve for both the motor and generator. Thus it 
1s termed a “motor-generator.” There are two 
separate windings and two commutators, however. 
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Fig. 12. Parts of the Delco motor-generator; a ‘‘single- 


unit” system. 


Ignition timer and distributor are mounted with 
this unit, but the distributor-drive spiral gear is not 
attached to the armature shaft, as would naturally 
be inferred, but is connected to the pump shaft, or 
shaft driving the generator. In other words, if 
connected to the armature shaft the action of the 
clutch used in connection with the generator drive 
(not shown above) would affect the timing operation. 


A two-unit system is where there are two units 
composing the electric system of starting motor, 
generator, and ignition, arranged as described below. 


Where the starting motor and generator are com- 
bined in one unit and the magneto (or coil and dis- 
tributor) for ignition in another, it is called a “two- 
unit’? system; so also, when the starting motor is 
in one unit, and the generator and ignition in 
another, this is also a “‘two-unit’’ system. 


The three-unit system is where the starting motor, 
generator, and ignition unit are separate from each 
other. 


Methods of Driving the Starting Motor, 
Generator, and Ignition Unit 


The generator must run when the engine runs, 
because it is necessary to recharge the battery and 
supply current for lights and ignition. Current for 
starting the motor, and also for the ignition to start 
the engine is provided by the battery. 


The amount of current the generator supplies 
to the battery depends upon the number of lamps 
burning, and the speed of the engine. 


Drive methods: The electric generator can be 
operated by belt, chain, shaft, or gear drive from 
the engine, and supplies electric current to charge 
the storage battery, as well as for lights, ignition, etc. 


ENGINE 


FLYWHEEL 
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unit is separated from the motor and generator. 
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Fig. 14. Generator driven by belt which drives the fan. 
Starting motor is the ‘‘automatie Bendix drive,’’ which drives 
through pinion (P) to flywheel gear (R). This system would 
be termed a “three-unit” system. The ignition is driven from 
cam shaft separately. 


Fig. 15. 
crank shaft. 
separate units. 


Generator, driven by gears and silent chain from 
Ignition and starting motor (not shown) are 
This would be termed a ‘‘three-unit”’ system. 
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Fig. 16. Driving the generator from cam shaft, also dis- 
tributor and “interrupter,” but independent of each other. 
The starting motor drives ‘‘through the crank shaft’ by a 
silent chain and an over-running clutch. This system is a 
“three-unit” system formerly employed by “‘Studebaker Six.’ 
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Fig. 17. The generator and starting motor are combined in 
one. Drive is through transmission shaft by means of a silent 
chain, The ignition is independent. This is a “two-unit 
system, formerly used on the Chalmers. 
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Fig. 18. Generator driven by gear from crank shaft. The 
starting motor drives through the transmission shaft. Ignition 
is the “interrupter” type mounted on the generator system 
formerly used on the Reo. A ‘“‘two-unit’? system. 


Fig. 23, page 324, shows an early model Gray & Davis 
separate motor and generator, as used on the early model Over- 
land cars. Note that the starting motor is mounted above 
the generator. 


The generator is driven by a silent chain from the double 
sprocket on the starting motor shaft. This double sprocket 
with a roller” type of clutch was a feature of this early system 
and is explained on page 324. 


IGNITION 


Fig. 19. A popular method of mounting the ignition unit 
on the generator. The generator drive end (end next to igni- 
tion unit in this illustration) faces the front of the car and is 
connected by means of a silent chain and sprocket to the crank 
shaft (Fig. 19A). 
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Fig. 19A. Front end drive of Studebaker engine. : 
example the generator armature shaft is driven by a silent 
chain at 114 times the engine speed and a vertical shaft (not 
shown) is driven by a worm gear from the armature shaft is so 
geared that the distributor and timer shaft turn at one-half the 


speed of the engine crank shaft. This would be termed a “‘two- 
unit’’ system, as the starting motor is a separate unit, 
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RELATION OF A GENERATOR TO AN ELECTRIC MOTOR 


The electric generator is similar in many respects 
to an electric motor, the principal difference being 
in the winding. The motor field is usually “series’’- 
wound, and the copper wire is heavy or coarse; in 
fact, it is in the form of copper strips on some motors. 
The generator field winding is usually a “shunt” 
winding and of smaller wire. 


With a few minor changes the electric generator 
can be run as a motor, using the same winding. A 
motor-generator is an example of how one armature 
can serve both a motor or a generator, but there are 
usually two field windings, as explained farther on. 


The series motor possesses great starting power, 
but under a light load may attain a dangerously 
high speed. A series dynamo or generator,! to be 
used as a motor, and run in the same direction as it 
does as a dynamo, must have the leads from the 
brushes interchanged. 


A “series”-wound generator will rotate in an 
opposite direction to that in which it rotates when 
Tun as a motor. 


A “shunt’-wound generator, when used as a 
motor, will turn in the same direction as when used 
as a generator. 


The shunt-wound motor (seldom used for auto- 
mobile work) has not such great starting power as a 
series-wound machine, but runs much more uniformly 


GENERATOR 


On page 181 we learned that if current is passed 
through a wire, magnetic lines-of-force in the form 
of magnetic whirls will be set up around the wire in 
a clockwise direction, if the current is going into the 
wire, and in a counter-clockwise direction if the 
current is coming out (see Figs. 6B, 6C, page 181). 


We also learned that if magnetic lines-of-force cut 
a wire, generated electromotive force, abbreviated 
e.m.f. (volts or pressure), would be set up in the wire 
which would tend to move the electricity in the wire. 
How the electricity comes to be there we don’t 
know. | Electricity is in almost everything, but not 
in motion (see page 175). Therefore, in order to 
get work out of it, a force called “electromotive 
force” is generated in the wire by “electromagnetic 
induction.” This force causes a current of elec- 
tricity to be put in motion, or to flow, and when 
electricity is flowing or in motion, it is spoken of as a 
“current of electricity,’ or merely ‘“current.”’ 


With a generator, the wires on the armature cut 
the “‘lines-of-force” as they revolve and thus e.m.f. 
is generated in the wires, which tend to move or 
conduct the current therein. 


Therefore, in order to produce an e.m.f. in the 
armature wires which will cause the electric current 
in the wires to flow (if there is a closed circuit), the 
following is necessary: 

1. Moving wires, forming a closed loop or circuit. 
2. Magnetic field for the wires to move in and cut. 
- The strength of the current thus produced in the 
wires is dependent upon: 

1. Strength of the magnetic field. 


2. Speed or rate at which the wires cut the lines- 
of-force. 


1 The words dynamo and generator are referred to as meaning 


the same thing. 


in speed under a varying load. Brush leads remain as 
in the dynamo for the same direction of rotation. 


A “compound-wound” generator, when used as a 
motor, will turn in an opposite direction—providing 
that the “series” winding is more powerful than 
the “shunt” winding, and in the same direction. 
If the “shunt” is more powerful than the “series,” 
this is called a differential winding, and will be 
explained later on, under ‘‘Motor-generators,”’ 
where the same machine used for a motor or genera- 
tor is described. 


The compound-wound motor (used only in motor- 
generators) is about equal to the shunt motor in 
starting power, and runs at an almost constant 
speed under all loads. Brush leads for the motor 
remain asin the dynamo. ‘To reverse the direction 
of rotation of the motor, the brush leads must be 
changed. 


The generator is usually separate and distinct’ 
from the starting motor. The Delco, however (in 
some of their systems), employ two field windings 
(compound) and one armature with two windings 
and two commutators on the armature, one operat- 
ing when used as a generator and the other when 
used as a motor. 

The North East system, as used on the Dodge, 
is another example, but one armature with one wind- 
ing and two field windings is used for both a generator 
and a starting motor (explained farther on). 


PRINCIPLE 


Maegnetie Lines 
of Force 
Magnetic circuit in generator frame. 


Rises 


In Fig. 8 we have a generator frame, round pat- 
tern, with two pole pieces. Note that the lines-of- 
force flow from N to S outside of the frame, and 
from S to N through, or inside of the frame, thus 
completing a magnetic circuit. 

For example: If we take two-bar Magnets as 
shown in Fig. 8A, and bend them as shown by dotted 
lines, the magnetic circuit would be as shown, with 


lines-of-force flowing N to S outside of the magnet 
and S to N inside. 
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Fig. 8A. Magnetic circuit of a two-pole (bi- 
with a round type of frame. a Oe 
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In order to produce the magnetic field of lines-of- 
force, there must be wire wrapped around the field 
poles and electric current flowing through the wires, 
thus making “electro-magnets” of the field poles. 
See page 180 for an explanation of an “electro- 
magnet.” 


The direction in which the wire is wrapped around 
the field poles, and the direction in which the electric 
current flows in the field windings around the field 
poles, will determine the polarity of the field poles, 
just the same as in the electro-magnets described 
on page 183. 


The next question is, if the field poles must first 
have current flowing through the windings around 
them, in order to produce magnetic lines-of-force 
for the wires to cut, and if this action generates e.m. 
f. in the wires, where are the original magnetic lines- 
of-force obtained? 


The field poles are not permanent magnets, but 
are usually soft iron similar to the electro-magnet 
described on page 182. They lose their magnetism 
when the current stops flowing through the winding. 
On page 182, the lines-of-force were shown to be 
produced around the electro-magnet by current 
from the battery flowing through the windings, but 
in the field poles of the generator we cannot pass 
the current through the windings from a battery. 
Therefore we obtain our initial lines-of-force from 
‘Tesidual’”’ magnetism, which may be explained as 
follows: 


A slight amount of magnetism is left or remains 
in the iron field poles, even though it is supposed to 
lose its magnetism when the generator stops. This 
magnetism is termed “residual”? magnetism, and 
even though it is very slight, there is sufficient mag- 
netic lines-of-force in the iron which flows from N to 
S across from one pole-piece to the other for the 
wires to cut the moment the armature starts to 
revolve. Thus we obtain our initial lines-of-force 
to start with. 


How Direct Current Is Produced from a 
Generator 


Let us glance at Fig. 9, and assume that we have 
a N and § pole with lines-of-force passing from N to 
S. We will further assume that the two wires rep- 
resent one coil of an armature wire, and are closed 
loops, and revolve in the direction shown by the 
arrow point above them. 
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Fig. 9. Showing how the lines-of-force whirl around a wire 
when it is moved up or down in a magnetic field. 


When the wire on the left moves up, it will cut 
the lines-of-force up, and the magnetic whirls will 
be clockwise around the wire, thus inducing in the 
wire an e.m.f. causing current to flow into the wire, 
or in the direction away from the reader. 
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The wire on the right, moving down, would cut 
the lines down, the magnetic whirls would be 
counter-clockwise, thus inducing in the wire an 
e.m.f. causing current to flow out of the wire, or in 
the direction of the reader. 


If the direction of the lines-of-force is changed, 
or if the direction of the motion of the wires is 
reversed, the direction of the flow of current would 
likewise be reversed. 


The strength or intensity of the e.m.f. generated 
under the conditions described would depend upon: 
(1) the strength of the magnetic field or the number 
of lines-of-force; (2) the rate of speed at which the 
wires cut the lines-of-force; (3) the number of wires 
cutting the lines-of-force. 


The flow of current of any generator is an alternat- 
ing flow inside the generator, that is, in one direction 
during one half-revolution, and in another direction 
during the next half-revolution. 


For instance, let us refer to Fig. 10. If a wire 
loop is revolved between the poles of a magnet from 
which magnetic lines-of-force flow from N to S pole, 
and the wire is revolved in the direction shown by 
the curved arrow, magnetic whirls would be set up 
around the wire on the left, in a clockwise direction, 
due to the wire cutting the lines up, and thus causing 
an e.m.f. to be induced in this side of the loop which 
would cause current to flow from 1-2, into the wire. 
If a “collector-ring”’ was connected with the end of 
this wire to brush (B—), it would be negative (—). 


BtY 
COLLECTOR 
RINGS —— 
Fig. 10 Fig. 11 
Fig. 10. The outer brush is (+) and the inner brush (—). 


Fig. 11. The outer brush is now (—) and the inner brush 
Ne 


The wire on the right (Fig. 10) would cut the lines- 
of-force down, therefore the magnetic whirls around 
the wire would be in a counter-clockwise direction, 
and current would flow out from 38-4. The brush 
(B+) at the end of this wire would be positive (++). 


Fig. 11 shows a half-revolution of the wire loop 
from the position at which it was in Fig. 10. Note 
that wire 2-1 is now cutting the lines-of-force down; 
therefore the brush which was (B—) in Fig. 10 and 
which is still connected with it, would be (+) 
instead of (—) as current is now coming out instead 
of going in. 

Wire 4-3 is now cutting up, and current would 
flow in. Thus the brush which was (B+) in Fig. 
10 and which is still connected with it, would now 
be (—) instead of (+). 


Thus during a half-revolution the current would 
flow out of the same brush as (—) and during the 
next half-revolution current would flow into the 
brush as (+). This would produce an “alternat- 
ing” flow of current which is used on magnetos but 
is not suitable for a generator which charges a 
storage battery which has a positive (+) and nega- 
tive (—) set of plates and terminals, 
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Only a “direct” flow of current will charge a stor- 
age battery. Therefore some means must be em- 
ployed to convert or commutate the “alternating 
flow of current to a ‘direct’? flow of current as 
follows: 


Bt 

COMMUTATOR | 

SEGMENTS 
Fig. 12 Fig. 13 

Fig. 12. The left brush is (—) and the right brush is (+). 


Fig. 13, The left brush is (—) and the right brush is (+), 
the same as in Fig. 12. 


KS 


A method of obtaining a direct flow of current at 
the brushes is shown in Figs. 12 and 13. Instead of 
having a round or endless collector-ring at the ends 
of the wires as in Figs. 10 and 11, we have sub- 
stituted two half-sections of one ring, separated 
from each other, which we will term the segments 
of a commutator. 


Now, when wire 1-2 on the left (Fig. 12), is cutting 
the lines up, current will flow in, and the brush on 
the left will be (—). The wire on the right (Fig. 
12) will cut the lines down, and current will flow 
out, and the brush will be (++). 


Fig. 13 shows a half-revolution of the wire loop 
from the position shown in Fig. 12. Wire 4-3 is 
now cutting up, and current would flow in, and the 
brush would be (—), just as it is in Fig, 12. Wire 
2-1 would cut down, and current would flow out, 
and the brush would be (+), Just as it is in Fig. 12. 


Therefore, instead of the brushes being connected 
with the same end of the wires all the time, as in 
Figs. 10 and 11, the brushes connect with one wire, 
for a half-revolution, and with the other wire during 
the other half-revolution, and the flow of current 
from the brushes is always in one direct direction. 
This action is accomplished by the two-part com- 
mutator. 


The current generated in all generators is an 
alternating flow of current and it is “commutated’”’ 
or changed to a direct flow of current at the brushes 
by means of a “commutator.” 
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Fig. 14. Wires in a vertical position, 
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The strength of the current, as previously stated, 
is dependent upon the e.m.f. induced in the wires, 
and this in turn is dependent upon the number of 
magnetic lines-of-force cut by the coils of wire. 


When the wires are cutting up or down across 
the magnetic field, the induced e.m.f. is greatest. 
When the coils reach a vertical position, as shown 
in Fig. 14, the e.m.f. induced in this position would 
be zero, as the magnetic lines are not cut (except 
perhaps a few stray lines), but flow freely through 


the coil from N to S§ pole-pieces. 


Thus we have, at every half-revolution, when in 
position shown in Fig. 14, no current at all, or zero. 
But as the coils or wires are rotated, the number of 
magnetic lines cut will increase until it reaches a 
horizontal or 90° position (Fig. 9), where it reaches 
maximum. From this position (Fig. 9), traveling 
in the same direction, the number of lines become 
less until the vertical or 180° position is reached 
(Fig. 14), where the e.m.f. again becomes zero. 


The e.m.f. induced in this simple dynamo would 
be called a pulsating é.m.f., because it pulsates or 
changes from zero to maximum and back to zero 
at regular intervals or every half-revolution. 


Fig. 154 


If we place two closed loops, or coils, at right 
angles to each other (Fig. 15) and use four com- 
mutator segments, as shown in Fig. 15A, the induced 
e.m.f, in one coil (A and D) will be maximum, when 
zero in the other (1-2, 3-4), if rotated. With the 
terminals of each coil connected to opposite commu- 
tator segments, the e.mf. between brushes will 
never drop to zero. 


By the use of more coils on the armature and 
more segments on the commutator, we should have 
more wires cutting the lines. Thus the e.m.&® 
would be made more steady with less pulsations. 


This type of winding would be termed an “open- 
circuit” winding, and the coil or loop is connected 
to the external circuit only while the segments of 
the commutator to which the terminals of the loop 
are connected, are in contact with the brushes. 


Fig. 15B 


A closed-circuit winding (Fig. 15B) would be 
better, because the loops are connected together in 
“series-parallel,” and thus all of the loops all the 
time are made use of except when the two commu- 
tator segments to which a loop is connected are in 


contact with a brush or with brushes of the same 
polarity. ei 
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GENERATOR ARMATURES 


On a generator of the automobile type, the arma- 
ture (which rotates and is driven by the engine) is 
made up of many coils and commutator segments, 
and various methods of winding and connecting 
to segments are employed. The principle, however, 
is very much the same in all cases, the idea being to 
have as many wires on each side cutting the mag- 
netic lines-of-force as is possible. By adding more 
wires, the e.m.f. is increased. 


_A simplified “shunt-wound” generator! and _ its 
circuit are shown in Fig. 16. Note that the field 
windings are “shunted” to the brushes. Thus we 
have a “shunt field circuit”? and a “main circuit,” 
the latter being from the brushes to the battery, 
lamps, ignition, etc. 


The armature, which is a “drum type,” consists 
of a laminated iron core (Fig. 16A) with slots in the 
core for the winding of insulated copper wire. 
CUT-OUT 


—— 


TRINA. 
GROUNDED 


GENERATOR GROUND 3 GROUND 


Fig. 16. Circuit of a shunt-wound generator. 

The laminated iron core increases the total 
number of lines-of-force by collecting many stray 
lines from the surrounding air, and thus concen- 
trating them. 


Fig. 16A. Laminated iron core of a drum-type armature. 


The wire is wound around the core and in the 
slots and the ends are connected by soldering to 
the commutator segments. 


An armature shaft passes through the core, which 
is supported by bearings. The shaft is driven from 
the engine, and the armature revolves between the 
pole pieces. 


The commutator is made up of copper segments 
insulated from each other and from the shaft by 


mica insulation. 


1The ‘“‘shunt field winding”’ connections of a generator are on 
the principle used on most generators. But owing to the fact 
that 2 shunt-wound generator builds up with speed, a ‘‘regula- 
tion of the field circuit’ must be used in order to cut down the 
out-put at high speeds. This subject is treated under ‘‘Regu- 
lation methods,” farther on. 


Brushes are usually made of carbon and rest on 
the commutator, and conduct the current from the 
armature. One brush will take current from wires 
which revolve on the side cutting the lines down, 
and the other brush will take current from the wires 
on the side of the armature which are cutting up; 
thus one side is (+) and the other (—). This is 
hkewise true of the brushes. (This is true for open- 
coil armatures, but not for closed-coil armatures.) 


The field circuit in Fig. 16 consists of two field 
poles (usually made of laminated steel and detach- 
able by means of screws), with insulated wire 
wrapped around them in such a direction that when 
the armature is revolved in the direction shown by 
the arrow, the left pole is N, and the right pole is 
S, or vice-versa. 


When the armature revolves the wires on the left 
cut the lines up, and therefore current flows in. 
The wires on the right cut down, and current flows 
out. The (+) side is connected with the (+) 
brush and the (—) side with the (—) brush. Cur- 
rent flows out to its external circuit from the (+) 
brush and comes back to the (+) brush, thus 
completing the circuit. 


The shunt field circuit is supplied with part of 
this current thus produced (usually about 144 to 2 
amperes), and flows from the positive (+) main 
brush through the field coil on the left, giving this 
pole a N pole polarity (at the end of the pole next 
to the armature). 


The flow of current is then continued to the other 
field pole which gives this pole a S pole polarity at 
the inner end of the pole. The field circuit is com- 
pleted at the negative (—) main brush. The cur- 
rent flowing through the field windings makes 
electro-magnets of the field poles, and from them 
lines-of-force flow from N to S poles directly through 
the armature core. 


As the speed of the armature increases, the rate 
at which the lines-of-force are cut by the coils on 
the armature increases. Thus a greater e.m.f. is 
induced in the armature wires, which causes a 
greater rate of flow of current through the field 
windings, thus in turn producing more lines-of-force. 


The cut-out voltage circuit is from the (+) brush, 
to the fine wire voltage winding (V), around the 
cut-out core, to ground (1), to grounded (—) main 
brush (ground 3). 

The battery-charging circuit from the generator: 
When the armature speed is such that the e.m.f. or 
voltage generated is slightly above the battery 
voltage, the fine wire winding (V) magnetizes the 
core of the cut-out and draws the cut-out armature 
toit. The effect of this is to close the points through 
which the current passes to battery, through the 
coarse wire or series winding (C) on the cut-out core, 
through the ammeter, to the (++) terminal of the 
battery, through the battery to (—) ground (2), 
to (—) grounded brush of the generator (ground 3). 
Note that current passes through (V) and (C) wind- 
ing from the generator in the same direction around 
the cut-out core. 

The action when the generator slows down and 
the cut-out points open is explained on page 333 
(Fig. 5). Note that current flows in a reverse 
direction through winding (C) when the battery 
discharges back through it, as in (S) (Fig. 5). 

The plain shunt-wound generator, as described, 
would not be satisfactory, because, as the speed of 
the armature increases, the e.m.f. increases, and 
at high speeds of the armature, the lines-of-force 
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and also the rate at which they are cut would 
increase, and thus the output would be too great. 


In order to obtain a “constant voltage” or a 
“constant current” output, some form of “regula- 
tion,” to cut down the lines-of-force in the field 
circuit is required. The subject of “Regulation of 
generators” will be treated farther on. 


Direction of Motion of Armature Coils and 
Direction of Main Magnetic Field Governs 
the Polarity at Brushes 


The direction in which the coils on the armature 
rotate and the direction in which the main magnetic 
lmes-of-force flow govern the direction of the flow 
of current out of the armature wires into the brushes. 


Simplified illustrations in Fig. 16 B show different 
directions of “motion” of the armature coils, 
and also different directions of the “main magnetic 
circuit” (lines-of-force). The field-poles are not 
shown wrapped with wire, but it is assumed that 
they are, and that they are so wrapped, that the 
main magnetic circuit (lines-of-force), passes from 
NtoS pole. Only two wires are shown, as a matter 
of simplifying the explanation, although there are 
several coils of wire on the armature. 
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At A, the direction of motion of the armature 


is as shown by the arrow point. Main magnetic 
lines-of-force flow from N to S poles; therefore the 
wire coil on the left will cut up and the “magnetic 
whirls” will be clockwise around the wire. Thus an 
e.m.f. will be generated in the wire, causing current 
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to flow into the wire, or away from the reader, 
and this current will be (—). The wire on the right 
(A), will cut down; therefore the “magnetic 
whirls” around the wire will be counter-clockwise, 
or out of the wire (+). 


At B, note that the direction of “‘motion”’ of the 
armature coils is in the opposite direction to that 
shownat (A). Therefore the magnetic whirls around 
the wires on each side are reversed, and consequently 
the direction of the flow of current in the wires is 
reversed. 


At C, note that the direction of the “main mag- 
netic circuit” is changed. Instead of passing from 
N to S pole, from left to right, as at (A) and (B), 
they now pass from N to S pole, from right to 
left. We will assume this change was made by 
changing the direction of the winding on the field 
poles. Therefore, while the direction of the motion 
of the armature coils is the same as at (A), the 
main magnetic field is just the reverse. Thus the 
direction of the motion of the armature wires is 
such that the left wire (C), on going up, cuts the 
main magnetic field in sucha manner that the mag- 
netic whirls circle around the wire counter-clock- 
wise, producing a generated e.m-f. in the wire, caus- 
ing current to flow out (+), and on the other side, 
the wire cuts down, causing current to flow into the 
wire (—). 

At (D), note that the direction of “motion” of 
the armature coils or wires has been reversed from 
that. of (C). The main magnetic field (also called 
lines-of-force and main magnetic circuit) is the same 
as at (C). Therefore the change of direction of the 
motion of the wires produces a reverse effect to that 
at(C)s 

The purpose of these illustrations is to point 
out how the generated current flows into a wire 
when the magnetic whirls are clockwise around a 
wire, and how the generated current flows out of a 
wire when the magnetic whirls are counter-clock- 
wise around a wire; and also that the direction of 
motion and the direction in which the main mag- 
netic field or circuit passes from N to S pole, governs 
the direction of the magnetic whirls around the wire. 
A study of the illustrations will make these princi- 
ples clear. 


ARMATURE WINDINGS 


There are a number of methods of winding an 
armature; so many, in fact, that armature winding 
1s a trade in itself. 


The repairman should not attempt to wind an 
armature because it requires a special equipment, 
and furthermore it is cheaper to turn in the old 
armature for a new one.t 


The work on an armature that the repairman is 
usually called upon to do is to test it out, or to make 
such repairs as re-soldering the wires to the com- 
mutator segments, undercutting the mica, turning 
down or cleaning the commutator, fitting new 
brushes, etc., which is explained farther on. We 
Shall not go further into this subject here, except 
to give an idea as to the construction of the 
armature. 


Lap or Parallel Wound Armature 


An armature in general use on two-pole generators 
and motors is shown in Fig. 17. It is termed a 


1A.L. Dyke, Elect. Dept., St. Louis, Mo., can furnish arma- 
tures and parts of any make of generator or motor. From 
him can also be obtained a book on Armature Winding, price 
$5 prepaid. 
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Fig. 17. 2-pole “lap’’-wound armature: 2 coils of 6 turn 
per slot; 13 slots, 26 commutator segments. al 


“lap” or “parallel” wound “drum” type of armature 
of the “closed-circuit” type. ue 


In this example of a two-pole Delco generator 
armature, there are 13 slots in the core and 26 
commutator segments. There are 2 coils per slot 
and 6 turns of double cotton-enameled wire per coil. 


THE ELECTRIC GENERATOR 


The coils do not go directly from No. 1 commutator 
segment to No. 1 slot, but a “lead’’ of five segments, 
or bars, is given, to the right, from the slot where it 
enters. 


The end of the first coil (A) would begin or “‘lead”’ 
from No. 1 commutator segment to slot No. 12, to 
slot No. 4 (spanning six slots), and end at commuta- 
tor segment No. 2. 


The end of the second coil (B) for the same slot, 
would begin or “lead” from No. 2 commutator 
segment, to slot No. 12, to slot No. 4, and end at 
commutator segment No. 3. 


The end of the coil (C), for the next slot, would 
begin with commutator segment No. 3, to slot No. 
13, to slot No. 5, and end at segment No. 4. 


The end of the second coil (D), for the same slot, 
would begin at commutator segment No. 4, to slot 
No. 13, to slot No. 5, to commutator segment No. 5. 


Thus the same procedure would continue around 
the core, with two coils of wire in each slot. 


The main brushes on two-pole machines are 
placed 180° apart, or exactly opposite. Thus one 
brush would be on a near commutator segment No. 
15, and the other on No. 2 segment. 


Where a third brush is used for regulating pur- 
poses, the position would be on No. 5 or 6 segment, 
when the direction of the armature is as indicated. 
If the direction is reversed, the third brush would 
be on the opposite side. (The third-brush regula- 
tion is treated farther on.) 


Many of the starting-motor armatures have the 
same number of slots in the cores as there are 
commutator segments, since there is usually, but 
one coil per slot. 


Wave or Series-Wound Armature 


An armature in general use on Delco four-pole 
generators and motors is shown in Fig. 18. It is 
termed a “wave” or “series’-wound ‘“‘drum’”’ type 
of armature of the “closed-circuit” type. 


in this example there are 21 slots in the core, 43 
commutator bars or segments, and 2 coils per slot 
with 5 turns of No. 15 double cotton-covered 
enameled wire per coil. 

The coils do not go directly from No. 1 segment or 
commutator bar to slot 1, but a “lead” of 6 bars to 
the left of slot No. 1 is given to the first coil (A), and 
a “lead’’ of 7 bars to the left is given to the second 
coil (B). 

Four-pole generators are divided into quarters. 
The ‘‘pitch” or span is from slot 1 to slot 6. 

The first coil (A) for slot No. 1, would start with 
commutator segment or bar No. 6, to slot 1, to slot 
6, to bar 28. 

The second coil (B) for slot No. 1, would start 
with commutator bar No. 7, to slot 1, to slot 6, to 
bar 29. 
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Fig. 18. 4 pole “wave’’-wound armature 2 coils of 5 turns 
per slot, 21 slots, 43 commutator segments. 


In order to fill up the remaining slots in this sec- 
tion, the next coil (C) would begin with bar 8, to 
slot 21, to slot 5, to bar 30. 

The second coil (D) in the same slot would begin 
with bar 9, to slot 21, to slot 5, to bar 31, and thus 
proceed until all slots are filled up. Commutator 
bars 1 and 22 would be connected by a jumper. 


On four-pole generators, using two main brushes, 
the brushes are located 90° apart. 


The position of the third brush on a four-pole 
generator (when the regulation system is with a 
third brush) is somewhere between 130° to 160° 
from the main brush of opposite polarity. 

A two-pole motor or generator usually employs 
what is termed a “lap winding,” and four-pole 
“wave winding.” 

In the generator armature windings, one coil con- 
sists of four, five, or six turns of wire, depending 
upon whether the generator is to be driven at engine 
speed or at one-and-one-half times engine speed. 
One or the other ratio is generally used. 


Motor and Generator Windings on 
One Armature 

Diagrams of a Delco-Buick armature, where there 
are two windings on one armature, which is a “lap 
winding,” are shown in Figs. 19 and 20. The 
generator is of the two-pole type. 

The motor winding (Fig. 19) consists of one coil 
per slot. There are 19 slots in the armature core 
for both the motor and generator winding. There 
are 19 commutator segments for the motor winding. 
There are two commutators, one for the motor and 
one for the generator winding. 
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Fig. 19. Motor armature winding 19 slots, 1 coil per slot. 
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Fig. 20. Generator armature winding, 2 coils per slot. 


The generator winding (Fig 20) consists of two 
coils per slot. There are 19 slots in the armature 
core (the same number of slots as for the motor). 
Thus, since there are two coils per slot for the genera- 
tor winding, there are 38 commutator sgements on 
the generator commutator. 


Meaning of Span and Lead 


The “span” of coils on an armature refers to the 
number of slots, between those in which the two 
sides of a coil lie, plus the two slots in which they lie. 


The “lead” of coils of an armature refers to the 
number of commutator bars to the right or left of 
the slot where the coil enters and where it comes out. 


Fig. 21 


For example, refer to Fig. 21. There are 25 com- 
mutator bars and 25 slots, and 1 coil per slot. The 
“span” is 1 to 7, and the “lead” is 4 left, 4 right, 


usually stated as 4 left, the beginning of the coil. 
Note that the armature coil leads from bar 1, which 
is the fourth bar to the left of slot 1, where it enters. 
The coil then “spans” from slot 1 to slot 7, and 
“leads” to bar 4, which is the fourth bar to the right 
of slot 7, where it comes out. 


Refer now to Fig. 18, page 343. The “span” 
here is 1 to 6, and the “lead” is 6 to 7 bars left. 
Note that there are two coils per slot. 


Therefore the “lead” of the first coil (A) is from 
bar 6, which is the sixth bar to the left of slot 1 
where it enters. It then “spans’’ six slots, from 
slot 1 to 6, and ends at the sixth bar from under slot 6. 


The “lead” of the second coil (B) is from bar Us 
which is the seventh bar to the left of slot 1, where 
itenters. It then “spans” six slots, from slot 1 to 6, 
and ends at the fifth bar from under slot 6. As the 
winding progresses, the coils in this section are work- 
ing to the left. 


Refer next to Fig. 17, page 342. The “span”’ is 
1 to 6, the “lead” is 5 to 6 to 7 bars right. Note 
that there are two coils per slot. 


The “lead” of the first coil (A) begins with bar 1, 
which is the fifth bar to the right of the slot 12, 
where it enters. It then “spans” six slots (from 
12 to 4), and ends at the sixth bar (2), to the right 
from under slot 12 where it entered. 


The “‘lead”’ of the second coil (B) begins with bar 
2, which is the sixth bar to the right of the slot 12, 
where it enters. It then “spans”’ 6 slots (from 12 to 
4), and ends at the seventh bar (3) to the right 
from under slot 12 where it entered. 


When the bars are connected to the bars opposite 
the center slots in the span, the lead is said to be 
“straight down” as in Fig. 17, just referred to. 


INSTRUCTION NO. 33 
GENERATOR FIELD-WINDINGS AND REGULATION METHODS 


GENERATOR FIELD WINDINGS 


Shunt winding: On all generators used for auto- 
mobile work the magnetic field is produced by what 
is termed a “shunt” connection of the field winding, 
which is directly across the brushes, as shown in 
Fig. 1. Thus it is called a “shunt-wound” genera- 


1 FROM EXTERNAL 
=— CIRCUIT 


Fig. 1. Shunt field winding. 


«tor. Where there is a regulation system to the field 
winding of a generator, the regulation (such as an 
electric-magnetic principle or third brush) is placed 
in between the field winding and brush as explained 
farther on. 


With a shunt-wound generator about 10 per cent 
of the total current generated by the armature 
passes to the shunt field windings. ‘Therefore the 
strength of the main magnetic field depends upon 
the current passing through it, and the strength of 
the current depends upon the speed of the generator 
armature. 
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Fig. 2. Series field winding. 


Series winding: This winding (Fig. 2) is used 
principally for starting motor field windings. In 


many instances the starting motor fields are con- 
nected “series-parallel,’”’ instead of in straight series. 
That is, where there is a four-pole starting motor, 
the field windings are often connected, two in series 
and parallel with the circuit, as, for instance, in 
Fig. 4, page 326. 


It will be observed that all of the current would 
pass through the armature and field in series. This 
winding is not suitable for generator windings, if 
used alone. 
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Fig. 3. Compound winding; shunt and series. 


Compound windings: On some generators two 
field windings are used (Fig. 3). One winding is 
a “shunt” winding and the other a “series”? wind- 
ing. 

If the two windings are wound in the same 
direction (as in Fig. 3), they assist each other in 
producing magnetic lines-of-force at the field 
poles, thus producing an “accumulative” effect or 
action. 


If the two windings are wound in opposite direc- 
tions, they oppose each other, thus producing a 
“differential” effect in action. 


The shunt winding coils, in this instance, consist 
of a much greater number of turns of fine wire than 
the series coils, which are of coarse wire. ‘The 
shunt winding determines the polarity of the field 
poles. 


Motor-generators use a compound-winding, con- 
sisting of a “series” field winding and a “shunt” 
winding, which are wound in opposite directions on 
the field poles. 


When used as a motor, the two windings have the 
“cumulative” effect of magnetizing the field poles, 
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and when used as a generator, they have a “dif- 
ferential” effect (treated and discussed farther 
on). 


' Thus, in summing up the different windings of 
generators, motors, and motor-generators, we deal 
with two windings, a “series”? winding and a “‘shunt’ 
winding, either separately or combined. 
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If the two windings are combined, they can be 
wound in the same direction or in o posite direc- 
tions, thus producing a “‘cumulative” or “differen- 
tial’’ effect. 


The two windings can also be connected in two 
different ways: as a “short shunt” connection, and 
as a “long shunt”’ connection. 


GENERATOR REGULATION PRINCIPLES 


Why Output of a Generator Must Be 
Regulated 


The shunt-wound generator is used most. As 
stated, about 10 per cent of the current from the 
armature flows through the shunt field windings. 
This flow of current through the field windings 
“builds up” the magnetic lines-of-force in the field 
poles. 


The lines-of-force then flow from N to §S pole of 
the generator, and as the armature coils revolve 
between these poles, there is set up in the armature 
coils an induced e.m.f. (electric-motive-force, volt- 
age, or pressure) which causes electric current to 
flow, as previously explained. 


The e.m.f. voltage thus produced by a generator 
depends upon: 


1. The number of lines-of-force cut by the armature 
wires. 


2. The number of the cutting wires in armature 
coils. 


3. The speed at which the armature revolves, or the 
rate of speed at which the wires cut the lines-of- 
force. : 


Thus it is clear that if the speed of the generator 
armature is increased, the lines-of-force will increase ‘ 
consequently as the lines-of-force increase, the e.m.f: 
increases, owing to the greater speed at which the 
lines are cut by the armature coils, 


For this reason, a plain shunt-wound generator 
will build-up its lines-of-force at high engine speeds 
(the engine drives the generator armature), and 
consequently the e.m.f. or voltage would increase 
to such an extent that the lamps would be burned 
out and too high a charging rate would pass to the 
battery. 


Constant Current and Constant Voltage 


To prevent the generator from increasing above 
its normal output at high speeds, methods for regu- 
lating the output are provided and can be classed 
as follows: 


1, Regulation of the voltage, by maintaining a “con- 
stant voltage,”’ with the current varying. 


2. Regulation of the current, by maintaining a 
“constant current”’ (amperage), with the voltage 
varying. 


3. Regulation of both voltage and current. 


As a matter of fact, the number of magnetic lines- 
of-force and the rate at which they are cut by the 
armature coils, govern both the voltage and current. 
Conditions which affect one would affect the other. 
Some manufacturers, however, provide means for 
decreasing the lines-of-force through the voltage 
produced by the generator, and others through the 
current produced, or both. 


Meaning of Constant Current and Constant 
Voltage 


The generator output in watts is equal to the 
product of the current (amperes) multiplied by the 
volts (pressure). If there is no other pressure 
(voltage) in a generator circuit than that delivered 
by the generator, the current delivered by the 
generator is equal to the voltage divided by the total 
resistance of the circuit. 


If the pressure (voltage) generated in the arma- 
ture remains fixed or constant, the current supplied 
by the generator will vary according to the amount 
of resistance in the circuit, as, for example, a 
charged or discharged battery, lamps, ete. ff, by 
way of illustration, the resistance is increased in 
the circuit (perhaps by the battery being fully 
charged), the current in the circuit will decrease, 
and if the resistance in the circuit is decreased, 
through a discharged battery in the circuit, for in- 
stance, the current will increase. 


If the generated pressure or voltage in the wind- 
ing of the armature is changed or varies, and the 
resistance of external circuit does not change, 
there will be an equal change in the output of cur- 
rent. For instance, if the pressure (voltage) 
increases, the amperage will increase, and if 
the pressure decreases, the amperage will de- 
crease. 


If the pressure of the generator and the resistance 
of the circuit both change, then the amperage is 
equal to the pressure at the time, divided by the 
resistance at the time. 


When the generator output is being delivered as 
a constant current and the pressure or voltage is 
varying, the generator is termed a constant current 
generator, 


When the output is being delivered at a constant - 
voltage or pressure and the current is varying, the 
pea 1s termed a constant voltage genera- 

or. 


With the “constant voltage”’ regulation system, 
the amount of current generated, as previously 
stated, depends upon the state of the battery 
charge and the amount of lamp load in use. With 
a discharged battery, the voltage delivered to the 
battery is a minimum, but as the charge of battery 
proceeds the voltage of the battery will increase, so 
that the difference in pressure between generator and 
battery is continually diminishing. For instance, 
if the battery is fully charged, and is, say, 6 volts, 
and if the generator voltage is 7 volts, then there is 
one volt pressure to send current through the bat- 
iene and the generator charging current will be 
small. 


Therefore the charging current is variable even at 
the same speed of rotation, and tapers from maxi- 
mum (about 12 to 20 amperes) with a discharged 
battery, to minimum (4 to 6 amperes) with a fully 
charged battery. 


GENERATOR FIELD WINDINGS AND REGULATION 


After the generator reaches a speed at which it 
develops its normal voltage, the voltage does not 
increase with speed, but remains constant—if a 
regulation method is used to decrease the strength 
of the magnetic field. 


Voltage regulation permits of a battery being 
charged at a high-current rate when the battery 
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voltage is low, and at a much lower rate when the 
battery voltage is high. 


With the constant current regulation, the gener- 
ated current is independent of the voltage of the 
battery or the amount of lamp load connected, but 
depends upon the speed at which the machine is 
driven and on the regulation system.1 


GENERATOR REGULATION METHODS 


To maintain either a ‘‘constant voltage” or a ‘‘con- 
stant current” (amperage) or both, the following 
methods are available: 


1. Mechanically, by hand: Where the resistance is 
cut into the shunt-field circuit, thus decreasing 
the strength of the magnetic field (not practical). 


2. Electromagnetic method: Where the resistance 
is cut into the shunt-field circuit automatically 
by an electromagnetic device placed externally 
to the generator. This was formerly exten- 
sively used. 


3. Mechanically, by an automatic governor: Where 
a mechanical governor is used to regulate the 
speed of the generator (obsolete). 


4, Inherent method: Where there are “two wind- 
ings” (compound windings) on the field poles, 
or where a “‘third-brush regulation’ is used. 
Thus with both of these methods the regulation 
is “inherent,” or within the generator and with- 
out the use of external devices. The third-brush 
method is used most. 


The Delco and North East are examples of com- 
pound-wound generators which also use a third- 
brush regulation. 


The object of all the regulation methods men- 
tioned above is to decrease the current flowing 
through the shunt-field winding at very high speeds 
of the generator, in order to reduce the strength of 
the magnetic field and to maintain a ‘‘constant volt- 
age,” or “constant current,” or both. 


Mechanical Hand Method 


The hand method (Fig. 4) of cutting resistance 
into the shunt-field circuit of a straight shunt-wound 
generator is impractical, because it would necessitate 
someone moving the lever (H) constantly back and 
forth. For instance, if the generator speed is high, 
the resistance (M) should be cut into the field circuit 
by moving the lever (H) to 2. As the speed de- 
creases, the lever (H) would be moved back to 1, 
cutting out the resistance. 


‘CUT-OUT CUTS INTHE CHARGING 
CIRCUIT. RESISTANCE CONTROLS 
THE FIELD CIRCUIT. 


Fig. 4. Mechanical hand method of regulation (not used as 
a general practice). 


Therefore some means whereby this action can 


be made to be “automatic” is the method which we 
shall discuss. 


Electromagnetic Regulation Methods 


Electromagnetic methods consist of an electro- 
magnetic device (Figs. 5, 6, and 7) similar to a cut- 
out in appearance. Its purpose is to cut-in resist- 


ance into the field circuit at high speeds magnetically 
thus decreasing the strength of the magnetic field. 


Note. Do not confuse the electromagnetic cut-out with the 
electromagnetic regulator. 


The purpose of the cut-out is to open and close the circuit 
between the generator and the battery and this is explained 
on page 332. It is placed in the external circuit with practi- 
cally all generators, regardless of the type of regulation, and is 
shown in the various illustrations, but is not referred to. 


There are three electromagnetic methods. These 


are: 


(1) To regulate the current (amperage) so as to 
obtain constant current or amperage. 


(2) To regulate the voltage so as to obtain constant 
voltage, or pressure. 


(8) To regulate both voltage and current so as to 
obtain constant current and voltage. 


Electromagnetic Voltage Regulation 


Voltage regulation of the generator by the electro- 
magnetic method is shown in Fig. 5. The prin- 
ciple of construction is similar to that of an electro- 
magnet with a fine wire voltage winding (F) around 
an iron core (G). This winding is connected across 
the generator charging circuit, and not in series 
with the generator charging circuit as in Fig. 6; 
therefore the magnetic force of the core (G) will 
depend upon the voltage in the fine wire winding (F). 


peed LATOR pad OUT 
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Fig. 5. Electromagnetic voltage-regulation method. 
This generator (Fig. 5; also Figs. 6 and 7) is a 
plain shunt-wound generator. Instead of con- 
necting the ends of both field poles directly to the 
brushes inside of the generator, the shunt-field cir- 
cuit is from (++) of the main brush, to the regulator 
arm (H), to points (EE), through the field windings, 
to (—) of the main brush. This extension 1s made 
in order to be able to insert resistance (M) into this 
shunt field circuit when the generator is running at 
high speeds, and thus weaken the current flowing 
in the shunt field circuit and preventing too high 


1 For instance, on the Bijur ‘“third-brush regulated,’’ ‘‘con- 
stant-current’’ generator, the cut-out closes at a generator 
voltage of 6.5, or a generator speed of 500 or 600 r.p.m. With 
increasing speed, the current increases to maximum. value, at 
speeds of about 1,000 to 1,600 r.p.m; at higher speeds the cur- 
rent gradually decreases owing to the third-brush regulation 
(explained farther on). 

Itis not feasible to supply current for lights from a ‘“‘constant- 
current’? generator without a battery being connected in cir- 
cuit. For instance, if lamps require 7 amperes and the genera- 
tor, at speed, delivers 15 amperes, the generator voltage would 
rise until the additional 8 amperes not required by the lamps, 
will be forced through the lamp circuit, and burn them out,, 
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an output of the generator. The resistance (M) 
on the regulator is connected into the field circuit 
only when points (EE) are open, which is at high 
speeds of the generator. These points are normally 
closed, so that the generator field can “build-up,” 
magnetic lines-of-force at low speeds. 


The voltage generated by the generator will 
determine the opening of the points (EE). The 
fine wire voltage winding (F) of the regulator is so 
wound, that with a 6-volt battery, the generator 
voltage will reach about 7.5 to 8 volts maximum, 
and points (EE) will remain closed; but on higher 
speeds and where the generator reaches a higher 
voltage than the maximum, then the core (G) 
becomes magnetized sufficiently to draw blade (F) 
to it, thus opening points (EE), and cutting in resist- 
ance (M) into the field circuit. This has the result 
of weakening the magnetic lines-of-force of the fields. 


When the generator speed is less than 8 or 10 
miles per hour car speed, the generator voltage drops 
to less than 6.5 volts, and the core (G) loses its 
magnetism, and points (EE) close again, thus cutting 
resistance (M) out of the field circuit. This per- 
mits the magnetic lines-of-force to build up again 
in the fields. This action is repeated over and over 
as the speed of the engine and generator varies; 
and thus the blade (F) vibrates back and forth. 


With the “constant voltage” regulation, the 
amount of current generated depends upon the 
battery voltage (if charged or discharged), and also 
on the load in the circuit, such as lamps, ete. 


Note that the charging circuit from the generator 
to the battery is not through the regulator winding. 


The voltage can be increased or decreased, where 
the regulator cuts in and cuts out, on many regula- 
tors of this type, by increasing the spring tension 
of blade (H) for an increase of voltage and by 
decreasing, for a lower voltage. 


Electromagnetic Current Regulation 


Current regulation of the generator by the 
electromagnetic principle is shown in Fig. 6. Note 
that this is a plain shunt-wound generator, as in 
Fig. 1, and the difference between Fig. 5 and Fig. 6 
is that the winding (F) on core (G) is a coarser wire 
and is in series with the charging circuit instead of 
across it, and the magnetic force of the core (G) 
will depend upon the current or amperage passing 
through this winding. 


REGULATOR CUT-OUT 
EE Pa 


Fig. 6. Electromagnetic current regulation. 


The shunt field circuit is from (+) of the main 
brush of the generator, through regulator blade (A), 
through points (EE), which are normally closed, to 
the field winding, through the field windings to (—) 
main brush. 


Note that the charging from generator to battery 
must pass through the regulator winding (F). 


When the engine speeds up, the generator builds 
up voltage (e.m.f.). When the voltage of the 
generator is sufficient to cause the cut-out points 
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(P) to close, which completes the battery charging 
circuit, the generator then charges the battery. 
And as the charging current flows through the 
regulator winding (F), this will cause core (G) to 
become magnetized, and when the maximum out- 
put of current from the generator (approximately 
12 to 15 amperes) is passing through this winding, 
the blade (H) will be drawn to core (G) against the 
tension of the spring, thus opening points (EE). 
This action inserts the resistance (M) in series with 
the shunt field circuit, thus causing the voltage of 
the armature to drop and the charging current to 
decrease, because of the weakening of the shunt 
field strength, or magnetic lines-of-force. 


When this current decrease drops to about 10 
amperes, the coil (F) is wound with such a size wire 
and number of turns that the core (G) loses its 
magnetizing force and the blade (H) is released and 
closes the points (EE), thus cutting the resistance 
(M) out of the field circuit, and permitting the field 
strength to build up again to its maximum. 


The blade (H), in actual practice, vibrates, or 
opens and closes rapidly, so that the generator will 
not charge over 12 to 15 amperes (or 15 to 20 on 
some generators), at high speeds, and thus the cur- 
rent output is constant, regardless of-the voltage of 
the battery, whether charged or discharged. 


It will be clear, by referring to Fig. 6, that if the 
battery should be removed, or if the battery terminals 
are loose, or some other open circuit should exist, 
there would be no current flowing through the 
regulator current coil (F), and there would be no 
regulation of the generator. Thus, at high speeds, 
it could build up voltage to such an extent that it 
would damage the generator. 


If the battery is removed, open the field circuit 
by disconnecting the field wire. Usually there is a 
fuse in the field circuit which can be removed. 


To increase the charging rate, the spring tension 
of blade (H) is increased, and to decrease the charg- 
ing rate, the spring tension is decreased. 


Electromagnetic Voltage and Current 
Regulation 


Current and voltage regulation by the electro- 
Aen principle can be combined as shown in 

ee Ps 

This regulator winding (F1) is on the same core as 
the cut-out winding (F2), with blade (A) on one 


. end of the core as a cut-out blade, and with a 


regulator blade on the other end of the core. 


CUT-OUT 


REGULATOR 
POINTS POINTS 


but does pass through the current winding (F2). 
Both windings are in the Same direction on the 
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core, The only difference between the regulator 
and cut-out windings and that of a regular cut- 
out winding as shown in Fig. 3, page 332, is 
that in the latter, a regulator blade is provided with 
points (E) and resistance (M) which can be cut 
into the field circuit when the points (E) are 
open. 


When the voltage of the generator reaches about 
6.5 volts, the current passing through the fine wire 
winding (Fl) is sufficiently magnetized to draw 
blade (A) of the cut-out against the spring tension, 
which is so adjusted that the cut-out blade (A) is 
drawn to the core, and the cut-out points are closed. 
The charging current then passes through the cut- 
out winding (F2), through the points, to the (+) 
terminal of the battery, in the usual manner. 


When the voltage or current reaches more than 
the output should be, the regulator blade (on the 
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left) is drawn to the core against the tension of the 
spring which is adjusted higher than that of the 
cut-out blade. This action cuts resistance (M) into 
the field circuit, as previously explained in connec- 
tion with Figs. 5 and 6. 


It will be noted that if the cut-out points should 
not close, or if the battery is disconnected, current 
will not flow through the current coil (F2), and the 
generator will be dependent upon the voltage wind- 
ing (Fl) for regulation. If the voltage winding 
should become disconnected, then the cut-out 
points could not close; thus the charging current 
would not pass to the battery. 

If the battery is removed from the circuit, dis- 
connect the shunt-field wire at the regulator, so as 
to open the field circuit. 


An example of a regulation system, similar to the one de- 
scribed is the Ward Leonard ‘‘type CC,’’ shown on page 352. 


EXAMPLE OF A CONSTANT-VOLTAGE REGULATION (BIJUR CONSTANT-VOLTAGE- 
REGULATION GENERATOR AS AN EXAMPLE) 


The Bijur voltage regulation system is shown in 
the illustration below (Fig. 8). With this system 
the amount of current generated depends upon the 
state of charge of the battery and the amount of 
lamp load in use. With a discharged battery the 
voltage is at a minimum, but as the charge of the 
battery proceeds the voltage of the battery will 
increase, so that the difference in pressure between 
generator and battery is continually diminishing. 
If the battery is fully charged, then the generator 
charging current willbesmall. Therefore the charg- 
ing current is variable even at the same speed of rota- 
tion, and tapers from the maximum with a discharged 
battery to minimum with a fully charged battery. 


After the generator reaches a speed at which it 
develops its normal voltage, the voltage does not 
materially increase with speed, but remains nearly 
constant. 


Voltage regulation permits of a battery being 
charged at a high-current rate when the battery 
voltage is low, and at a much lower rate when the 
battery voltage is high. 
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Fig. 8. Bijur electromagnetic voltage regulation system. 


Operation of cut-out (C) (Fig. 8): Its purpose is 
to connect and disconnect the generator to or from 
the battery when the generator is at rest or at very 
low speeds. It has a shunt or voltage winding (V), 
and a series winding (S). The shunt winding (V) 
is connected across the generator, so as to receive 
the full voltage of the generator, and when the 
machine attains a speed at which it develops 6.5 
volts, the shunt winding is sufficiently energized to 
close the cut-out armature (A). ‘The series winding 
(S) is connected in the main circuit, and current 
flows through it, and its pull reinforces the pull due 
to the shunt winding and firmly holds the cut-out 
armature (A) closed. When the speed of the 
generator is decreased to a speed where it generates 
voltage lower than the battery, then a momentary 
discharge from the battery through the series wind- 


ing demagnetizes the core of coil (C) and the cut- 
out is opened. 

The voltage-regulating unit (F) (Fig. 8) has a 
single winding connected across the generator in a 
manner similar to that of the cut-out voltage wind- 
ing. It is opened and closed according to the 
amount of pressure developed by the generator. 
Below 7.75 volts the resistance (M) is cut out of 
the field circuit, the path being around it through 
(H), giving the generator a chance to build up. 
Above 7.75 volts, the coil (F) pulls (H1) to it, which 
throws resistance (M) into the field circuit, which 
automatically reduces the generation. While run- 
ning, this regulator armature vibrates rapidly, cut- 
ting the resistance into and out of the field circuit 
by means of vibrator (H). Thus the pressure never 
goes above 7.75, or the lamps would burn out. 


The other resistance unit (E), which is connected 
in parallel with the shunt-field winding, is to absorb 
the field energy when the regulator contacts are 
open and to reduce sparking at contacts. 


Ammeter: In this particular system the meter 
is connected between the generator and battery, 
which indicates the generator output only, and does 
not show a discharge when the generator is at rest. 
On some cars the meter is connected at branch (X), 
and with the generator in operation the meter will 
indicate the output less the current consumed by 
lights and other devices. 


Adjustments: A hole is provided on the regulator 
box for adjusting the voltage regulator, and another 
for the cut-out. Turning the adjusting nut to the 
right on the cut-out raises the cut-in voltage. Turn- 
ing the adjusting nut on the voltage regulator to 
the right raises the generator voltage. 


Before adjusting cut-out, disconnect one of the 
battery terminals and place the headlight switch on. 
Voltmeter leads should be clipped to the generator 
brushes, and the engine should be run slow, gradu- 
ally increasing speed. Adjustment should then be 
made so that the cut-out will close at 6.5 volts. 
The voltage will then immediately drop on closing, 
which indicates that it has closed. 


In setting the voltage regulator, connect generator 
to battery, having specific gravity of 1,250 and with 
light switch off. Voltage should be measured across 
the brushes as above. Run the engine at such a 
speed that the generator will turn 1,000 to 1,400 
r.p.m. and with the tension of spring regulated until 
7.75 to 7.8 volts are generated. Always set adjust- 
ing nut tight after adjusting. 
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The generator can be used without the battery, 
if lights are on, otherwise the resistance unit is 
liable to burn out. 

Wiring: A single or double wire system can be 
used with this generator. 

Care: (1) every two weeks 2 or 3 drops of thin 
mineral oil should be put in the oilers; (2) every two 
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weeks reverse regulator disconnect plug by pushing 
it in to unlock, then turn and reverse its connections, 
which changes the direction of the flow of current 
through the points of the regulator, thus preventing 
pitting of points or depolarization, as explained on 
page 203; (3) inspect brushes every 1,000 miles, 
to see that they make good contact and move freely 
up and down. 


EXAMPLE OF AN ELECTROMAGNETIC CONSTANT-CURRENT REGULATION SYSTEM 
: (REMY ‘“RELAY-REGULATOR” TYPE) 


The Remy generator used with this regulator 
(Fig. 9) is usually a four-pole generator; however 


™. 


GENE 


current-regulation 
The cut-out 


“relay-regulator’; a 
method. The relay is the same as a cut-out. 1 
and regulator are mounted on one base, as shown in Fig. 10. 
See also, Index under ‘‘Wiring diagram of Oakland aa" 


Fig. 9. Remy 


a two-pole type generator is used as an example, 
which makes no particular difference, because it 
can be used with either a two or four-pole generator. 


The generator is a plain shunt-wound machine 
and does not have the third-brush regulator, but a 
“resistance regulation” which is cut into the shunt- 
field circuit at high speeds by an electro-magnet. 


Remy terms a “cut-out” a “relay.” Therefore 
when we speak of a “relay,” it is the same device 
that has been termed a “cut-out? in preceding 
instructions. 


Shunt field circuit: From the (+) main brush 
of the generator to terminal (I) of the “Telay- 
regulator,” through the fuse, through points (E) of 
regulator, to terminal (H), through the shunt field 
windings, to the (—) main brush. 


Cut-out or voltage circuit: From the (++) brush, 
to terminal (I), through the fuse, to cut-out voltage 
winding (V), to terminal (G), to the (—) main brush. 


Note. On a grounded or one-wire system, ground connec- 
tions are made at points (L1), (L2), and (L3) and wires (B) and 
(M) are not used. 


Battery charging circuit: We will assume that the 
generator has reached a speed where voltage winding 
(V) has drawn blade (A) to its core, and points (P) 
are closed. Then the battery charging circuit 
would be from the (+) main brush, to (I), through 
the fuse, through points (P), through cut-out blade 
(A), through cut-out series or current winding (S), 
through regulator winding (D), to terminal (K), to 
(1) x battery, to terminal (G), to the main (—-) 

Tush. 


Note. Ifa grounded system, it would be from (L3) to (L1). 


Regulation at high speeds: At high speeds, the 
current passing through regulator winding (D), 
which is in series with the charging circuit, would 
exert a magnetic pull through its core (not shown 
in the illustration) which would draw the regulator 
blade, or the armature (A1), to its core, thus opening 
points (E), which causes resistance (F) to be cut 
into the shunt-field circuit, thus reducing its lines- 
of-force, and consequently its current output. The 
shunt-field circuit would then be from the (+) 
brush, to (I), to the fuse, through resistance (F) 
because points (E) are open, to (H), to the (—) main 
brush. 


Since the regulator winding (D) is of heavy wire, 
the amperage or current controls the magnetic 
strength instead of the voltage, as explained under 
Fig. 6, page 348. Thus it would be termed “con- 
stant-current regulation,’ by means of an “electro- 
magnetic” action. 

Note. Resistance coils (F) are shunted across each set of 
regulator points. It is essential that the two sets of regulator 


points be adjusted so as to be separated by the same current 
through the regulator coil, and that both sets vibrate together. 


Remy Relay-Regulator Ad justments 


An internal view of the circuit of the regulator 
and cut-out (relay), of the Remy system just de- 
scribed, is shown in Fig. 9. 


An external view is shown in Fig. 10. Note that 
the cut-out and regulator are separate windings, 
but each is mounted on one base, which is usually 
mounted on the generator. 


REGULATOR 
POINTS 
Aly # 


CUT-OUT OR 
RELAY POINTS 
ARE A 


FUSE 


» Cut-out (relay) and regulator used with Remy 
relay-regulated’’ generators. 


Fig. 10. 


_This cut-out and regulator (Fig. 10) is the com- 
bination used with the Remy relay-regulated genera- 
tor (Fig. 9). 


First, however, in order to explain the adjustment 
of the cut-out (relay), we will use an illustration of 
the Remy cut-out alone (Fig. 11), which represents 
the same principle as the cut-out shown in Fig. 10 
(above). 


This cut-out (Fig. 11) is the cut-out used on 
Remy generators where the regulation is by means 
of a third-brush (explained farther on), and a 
regulator of the electromagnetic type (Fig. 10, 
right) is not used, but, as stated, the cut-out prin- 
ciple of both is similar. 
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Fig. il. Remy cut-out as used with Remy ‘‘third-brush 
regulated generators. Used as an example to explain the 
Bele of adjustment of the cut-out in Fig. 10, which is 
similar. 


The Remy Cut-Out 


The cut-out (termed a “relay’’) is simply an auto- 
matic switch for connecting and disconnecting the 
generator and the storage battery, as explained on 
page 332. If the battery were left connected to 
the generator when the latter runs very slowly or 
stops, a reverse current would flow from the storage 
battery back through the generator windings and 
would soon discharge the storage battery. To 
prevent this a reverse-current cut-out is provided 
to act like a check valve, permitting the charging 
current to flow into the battery when the generator 
is driven rapidly, but opening the circuit whenever 
the generator slows down or stops. 


The cut-out has two windings, a “shunt” or volt- 
age (V, Fig. 9), consisting of many turns of fine 
wire, and a “series” winding (S), consisting of 
comparatively few turns of heavy wire. On the 
model shown (Fig. 11), the windings are placed on 
separate iron cores, but insome other models both 
windings are on the same core. 


Whenever a current flows in either winding the 
core becomes a magnet, the strength of which 
depends on the amount of current flowing. The 
shunt or voltage coil is connected directly across 
the generator terminals in the same manner that a 
voltmeter would be connected. Hence the current 
in this coil will depend on the voltage at the gener- 
ator terminals. The series coil is connected 
(through the contact points) between the generator 
and storage battery in the same way that an 
ammeter would be connected. The internal 
connections of the cut-out and regulator are shown 
in Fig. 9. 


Cut-Out Adjustments 


For correct adjustment of the cut-out (Figs. 10 
and 11), it will be necessary to have an ammeter 
connected between the cut-out and the battery, so 
that the direction and amount of current flowing 
can be determined. 


The ammeter on the car can be used, but it should 
be checked to make sure that the hand stands at 
zero when the engine is at rest and that no lights or 
other electrical equipment is in use. If it does not 
indicate correct zero, be sure to allow for the error 
when making adjustments. 


The “air-gap” (Fig. 11), or distance between the 
end of the core and the armature (A) will affect the 
operation of the cut-out. Consequently this should 
be the first point to be considered when the cut-out 
is to be adjusted. 


When the contact points are closed, the air-gap 
distance between the end of the core and the arma- 
ture should be .012” to .015”. This distance can 
be changed by moving the stationary contact point 
up or down. A thickness gauge may be used to 
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check this adjustment. When making this adjust- 
ment be sure that the contact points meet each 
other squarely. 

Note. A Remy Service Manual sells for $3. It gives all 
tests, adjustments and diagrams of generators,etc. See also 
gees mut on Wiring Diagram Book in the back of this 

When the contact points are separated, the dis- 
tance between them should be .012” to .015’” on 
the 263 and 264 models, and .017” to .020” on the 
other models. On the 263 and 264 models this can 
be adjusted by bending the armature stop up or 
down (see Fig. 11). On the other models the stop 
pin which passes through the armature should fix 
this adjustment. If it does not, it can be raised or 
lowered slightly. 


“Cut-In”’ Adjustment of Cut-Out 


After having completed these adjustments start 
the engine and let it idle very slowly; then gradually 
speed it up until the relay contacts close. This is 
called the “‘cut-in,” and can usually be determined 
by watching the ammeter. When the contacts 
close, the hand should move slightly to indicate a 
charging current of two or three amperes. 


If, when the cut-out “cuts in,’”? the current is 
greater than three amperes, the armature spring 
tension should be decreased. This is accomplished 
as follows: on the 263 and 264 models, by bending 
the brass strip through which the spring passes; 
on the M, O, 165, 3923, and similar models, by 
bending the spring under the armature; on the 60, 
66, 261, and 262 models, by backing out the adjust- 
ing screw in the center of the armature. 


If, when the relay “‘cuts in,’? the ammeter indi- 
cates a discharge current, the spring tension on the 
armature should be increased by reversing the pro- 
cesses described above. 

Note. The relay cut-in can also be adjusted by connecting 
a voltmeter across the generator terminals and varying the 


armature spring tension until the cut-in occurs at the voltage 
given below: 


Models O, 60-A-B, 61-A, 62-A, 64-A, 65-A, 165-D 


2OleAa I OOLoy Ge. at Mem . 6.4 to 6.6 volts 
Models 263-A-C-D-F, 264-A-B-C., . 7.0 to 7.4 volts 
Models M, 66-A, 262-A ... . .12.4 to 12.6 volts 
Models 263-B-H . ... . .13.5 to 14.0 volts 


“Cut-Out”? Adjustment of the Cut-Out 


Having adjusted the relay to “cut in” properly, 
speed up the engine until the generator delivers its 
maximum output, and then gradually reduce the 
engine speed until the cut-out contact points 
separate or “cut out.” The ammeter hand may 
swing past zero to the discharge side of the scale 
for a moment before it cuts out. The discharge 
current should not be greater than two amperes, 
nor should ‘the ammeter hand remain on the dis- 
charge side for more than a few seconds. 


If the discharge current from the battery, back 
through the cut-out winding, series winding, exceeds 
two amperes, or if the ammeter hand shows a tend- 
ency to remain on the “discharge”’ side of the scale, 
the cut-out armature (A, Fig. 11) spring tension 
should be increased. 


If the cut-out “cuts out” while the ammeter still 
indicates ‘‘charge,’’ the armature spring tension 
should be decreased. 


Should the cut-out armature (A) vibrate when 
the points close it is well to stop the engine and close 
the contacts by hand for an instant, and then make 
sure that they open again. This will allow the 
battery current to flow through the generator wind- 
ings and magnetize the generator poles with the 
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correct polarity. If the generator polarity is incor- 
rect, the cut-out contacts may be burned. 


Vibration of the cut-out armature (A) may also 
be due to “cutting in’’ when the generator voltage 
is below that of the battery. This can be corrected 
by increasing the armature (A) spring tension as 
explained above. 


After completing the adjustment of the cut-out, 
check its operation several times to make sure that 
it cuts-in and cuts-out properly. 


Regulator Adjustments 


The action of the regulator, as well as the cut-out 
just described, is given on pages 350, 351. 


After reading the explanation of the action of the 
regulator, given on page 350, it will readily be seen 
that an increase in the spring tension on the regu- 
lator armature (Al, Fig. 10) would increase the 
charging rate of the generator, as the current 
through the regulator winding (D) (Fig. 9), page 
350, would have to reach a higher value before the 
magnetic pull on the armature (Al, Fig. 10) would 
overcome the increased spring tension. 


Before starting to adjust the armature spring 
tension of the regulator, raise or lower the station- 
ary contact supports (SS, Fig. 10) until the arma- 
ture stands in the position shown in Fig. 10. The 
end of the armature should be slightly above the 
end of the core. Now press down lightly with 
the finger on the center of the armature and watch 
the contacts, to determine whether both pairs 
separate at the same instant (there are two sets of 
points on the regulator as shown in Fig. 9, page 
300). If they do not, adjust one of the stationary 
contact supports up or down until both pairs 
Separate at once. There are two supports (SS); 
one for each set of points. 


Adjust the spring tension by turning the small 
screw in the center of the armature in or out until 
the correct charging rate is obtained (see table 
below). In some cases it may be necessary to bend 
the armature tension spring slightly before the cor- 
rect adjustment can be obtained. 


‘The maximum generator output depends on the 
model of the regulator as shown by the following 
table: 

Models 60-A, 261-A, 261-B 
ModeliG0zBien ne 
Models 66-A, 262-A (12-volt) 


-13.5 Amperes 
-10.0 Amperes 
. 6.5 Amperes 
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Note. Data books on the regulation, speed, air-gap, cut-in 
and cut-out speeds of generators, other tests, speeds, etc., for 
all makes of generators, regulators, and_ cut-outs can be ob- 
tained of A. L. Dyke, St. Louis, Mo. Write for circular. 


Care of Remy Cut-Out and Regulator 


The cover (Fig. i0) should be removed for inspec- 
tion at least once every two months. If the con- 
tact points are rough, pitted, or dirty, a strip of 
00 sandpaper (which has been used) should be 
drawn through between the contact points (Fig. 12) 


Fig. 12. Strip of sandpaper (A) being drawn between points 
of cut-out or regulator. 


several times, reversing sides each operation, so as 
to remove any rough surfaces or foreign material 
which might have accumulated. Be sure and clean 
the contact points by drawing a sheet of white paper 
through.the points to remove any material such as 
sand or dirt. 


Contact Points 


The points should have a smooth, clean surface 
and make good contact. One of the points is 
mounted on the end of a screw which can be turned 
in or out to adjust the air-gap. This gap should 
be adjusted as previously explained. Three dif- 
ferent metals are used for these points: silver, plati- 
num, and tungsten. When silver points are used, 
a reversing switch (termed a “pole-changing 
switch”; see Index) should always be used, the 
reason for this being that the silver passes from one 
contact to the other with the current, and it is 
necessary to reverse the direction of current flow 
occasionally so that the silver will not all build up 
on one point, leaving none on the other. Tungsten 
1S now used most, and the pole-changing switch is 
seldom used. 


EXAMPLE OF AN ELECTRO-MAGNETIC CONSTANT CURRENT AND VOLTAGE 
REGULATION SYSTEM (WARD-LEONARD, TYPE ““CC??) 


4NGHTING 
SWITCH 


GROundD 


Fig, 13. Internal circuits of the Ward-Leonard type ‘‘CC”’ 
cut-out and regulator. 


An example of a regulator by which the voltage 
and current are regulated is shown in Fig. 13 of the 
Mises LEG type “CC” cut-out and regula- 

or. 


When the generator reaches sufficient speed to 
generate sufficient voltage to overcome the voltage 
of the battery, which is usually about 6.5 volts, 
the current flowing through voltage winding (A) 
magnetizes the core and draws cut-out blade (Cy 
thus closing cut-out points (DD). 


The charging circuit is then from the generator 
(+) grounded brush, to the (+) grounded terminal 
of the battery, through the battery, through current 
winding (L), through points (DD), to the (—) 
brush of the generator. 


The field circuit is from the (++) brush of the 
generator, through the field winding, through 
regulator points (EE), through blade or arm (H) 
to the (—) brush of the generator. ” ¢ 


GENERATOR FIELD WINDINGS AND REGULATION 


This regulation method is similar in principle to 
that shown in Fig. 7, page 348. 


When the charging rate reaches 10 amperes or 
more (according to tension of spring), the core pull is 
such that the regulator arm (H) is drawn to the core, 
and thus the points (EE) are separated. This action 
cuts the resistance (M) into the field circuit which 
weakens it, thus the voltage and current are reduced. 
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When the current decreases slightly below 10 
amperes, the core does not have sufficient magnetism 
to hold the blade (H) against its spring tension; it 
is released, and points (E) close, thus cutting out 
the resistance (M). 


_ This blade vibrates as the speed of generator 
increases and decreases, and thus the output of 
voltage and current is kept constant. 


MECHANICAL REGULATION METHODS; EARLY MODEL AUTOLITE, 
GRAY & DAVIS AND DELCO 


Mechanical Regulation Method (Early 
Model Autolite) 


Mechanical methods for regulating the output on 
some of the early types of generators were employed. 
For instance, on an early type of Autolite generator 
(model ‘‘C-60,” Fig. 14) permanent magnets were 
used to produce the lines-of-force for the wires on 
the drum-type armature to cut. _ 


STARTING Se AMMETER 


PERMANENT 
Re 


STORAGE 
BATTERY 


Fig. 14. Early model Autolite mechanical regulation method. 


A cut-out, for connecting the generator to the 
battery when the generator reached about 800 r.p.m. 
was placed under the magnets above the armature. 
(Very near all generators have used and now use 
cut-outs, no matter what regulation method is 
employed.)! 

Note that there are two windings, a fine wire 
voltage winding (V) through which current flows 
when the generator is started, from the (+) brush, 
to points (S), through (V) winding, to the (—) 
generator brush. At 800 r.p.m. of the generator 
armature, sufficient voltage would be generated for 
this cut-out voltage winding (V) to produce sufficient 
magnetizing force around core (R) to draw arm (A) 
to it, which action closes points (P) and opens 
points (S). 

The charging circuit is then from the (+) brush, 
through points (P), through the coarse wire current 
winding (C), to the generator (+) terminal, to the 
switch, to the ammeter, to the battery (+) terminal, 
through the battery, out battery (—) terminal, to 
the (—) terminal of generator. 


The regulation of output at high speeds could not 
be controlled by varying the magnetic field, because 


10n some of the Delco generators the cut-out is not used. 
This is explained under the Delco instruction farther on. 


the strength of the field was permanent. Yet at 
high speeds the rule is that the greater the rate of 
speed at which the lines are cut, the greater the 
e.m.f. generated causing the current to flow. There- 
fore, in order not to produce too high an output, a 
mechanical governor was employed, which at high 
speeds disconnected the armature shaft with the 
drive system. Thus the regulation was a mechani- 
cal method of regulating the speed of the generator 
which reduced the rate of speed of cutting the fixed 
number of lines-of-force. 

This method would be classed as a mechanically 
regulated generator of the “constant-speed con- 
stant-current” type. 


Mechanical Regulation Method (Karly Model 
Gray & Davis) 

One of the first generators designed for automo- 
bile work was a Gray & Davis, as shown in Figs. 
15 to 15B. This generator used electro-magnetic 
fields instead of permanent magnets. 


Fig. 15B. Governor of generator. 


The mechanical regulation of maximum output 
was effected by a centrifugal governor, which kept 
the speed of the machine constant. For that reason 
this generator may be placed in the class of me- 
chanically regulated machines of ‘“‘constant-speed 
constant-current.” Variations in speed are taken 
care of by the automatic “friction” type of clutch. 

The friction clutch (A and B) will slip more or 
less according to the speed of the engine, and the 
amount of such slippage is controlled by a governor. 

As soon as the speed of the armature increases 
beyond the rated number of revolutions, the 
governor will act on the friction clutch. In other 
words, the two clutch halves (A and B) will be pulled 
apart and slip in such a manner that the armature 
will rotate not faster than the predetermined speed. 
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A cut-out for connecting and disconnecting the 
battery and the generator (not illustrated) was used 
with this system. This generator was an early 
model and is now obsolete; but it is shown in order 
to explain one of the mechanical methods for regula- 
ting the output of a generator. 


Adjustment for a higher or lower charging rate 
of the output of the generator was made by altering 
the pressure of the governor clutch spring. 
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Mechanical Regulation Method; Early Model 
Delco 


On one type of Delco electric system, used on the 
Hudson ‘6-40,” a “variable resistance’? was intro- 
duced into the field windings mechanically by action 
of a governor. ‘This is explained under the Delco 
instruction, as is also the Delco early model ‘‘Mer- 
cury type voltage regulator,” as well as later models 
where a “third-brush regulation” is used. 


INHERENT REGULATION METHODS 


Inherent regulation refers to regulation methods 
inherent of, or inside of, the generator. Inherent 
methods of regulation in most all instances main- 
tain a “constant current”? or amperage, the con- 
stant-current method being used most. 


Inherent, ‘“‘constant-current” regulation methods 
would include: 


1. Compound-wound generators (two windings on 
the field poles). 


2. Third-brush regulation. 


Compound-Wound Generators 


There is a “shunt” winding and a “series”? wind- 
ing on the field poles of a compound-wound genera- 
tor. The direction in which they are wound 
relative to each other will produce different actions, 
as follows: 


1. Cumulative action: Where the two windings are 
wound in the same direction on the field core, so 
that one winding assists the other in the mag- 
netizing action of the field poles, it is termed 
“cumulative” action, and the generator is 
termed. a “cumulative compound” machine. 


2. Differential action: Where the two windings are 
wound in opposite directions on the field core so 
that they oppose, or have a “‘bucking effect,” due 
to the series winding being wound in a reverse 
direction to that of the shunt winding, it is 
termed a “differential” action, and the generator 
is said to be a “differential compound” machine, 
often termed a “reverse-series” generator. 


Simplified Explanation of Cumulative and 
Differential Action of Windings 


Before taking up this subject, glance at Figs. 10 
and 10A, and note the direction of the current flow- 
ing through the wire wrapped around an iron core. 
Note that the direction in which the wire is wound, 


OUT OF CORE INTO CORE INTO CORE OUTOF CORE 
ea > te 24 be ey nee ah 


Fig. 10 
Fig. 10. 
Fig. 10A. Wound right-hand. 


Fig. 10A 
Wound left-hand. 


and the direction of the current will determine the 
polarity, or which end of the core will be N and 
which end S (additional explanations of polarity of 
electro-magnets are given on page 183). The same 
principle applies to the iron core, or field poles of a 
generator, on which is wrapped the field windings, 


Suppose, however, that we have two windings on 
the core, as in Fig. 10B, and that both windings (S 


Fig. 10B 


Fig. 10B. Cumulative action. 
Fig. 10C. Differential action. 


and SHF) are wound in such a manner that the cur- 

rent flows through the windings in the same direc- 

tion around the core. The two windings would then 

assist each other in establishing a strong polarity 

of the N pole at one end and of the § pole at the 

ye end. Thus a “cumulative” action is pro- 
uced. 


Suppose, again, that we have two windings on 
the core, as in Fig. 10C: one winding (S) with, say, 
three turns, wrapped in one direction, and another 
winding (SHF), say, of five turns, wrapped in 
another direction. 


The winding (SHF) (Fig. 10C), having the great- 
est number of ampere turns, would establish the 
polarity of the core, making the left end, in this 
example, the N pole and the right end, the S pole, 
as in Fig. 10. 


The winding (S, Fig. 10C) would “buck” or 
oppose the core being thus magnetized, because 
the direction in which the current flows through its 
winding would tend to establish the polarity at 
opposite ends of the core, as in Fig. 10A. Thus 
the strength of the magnetic lines-of-foree around 
the core would be weakened, because the current 
strength which is magnetizing the core is only the 
difference in the winding (S, Fig. 10C) with three 
turns, and the winding (SHF) with five turns. 
Thus this difference holds the polarity of the core, 
and explains why the principle is termed “dif- 
ferential action.” 


Let us apply this elementary bit of information to 
the generator of the compound-wound type. 


Compound-Wound Generators with 
“Cumulative” Action 


A compound-wound generator with a “shunt”? 
winding and another winding of coarser wire, called 
a “series” winding is shown in Fig. 11. The shunt 
winding is connected to the brushes—the usual 
shunt connected method. The series winding is in 
series with the generator brushes and the charging 
circuit. This connection is termed a “short shunt.” 
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Fig. 11. Compound-wound generator ‘‘cumulative’’ in 


action; “‘short shunt’’ connection. 


The series winding, and the shunt-winding both 
being in the same direction around the field core, 
the action would be termed “‘cumulative,” as both 
windings assist each other in building up a strong 
magnetic field at the N and poles. The generator 
would then be termed a “cumulative compound- 
wound machine” with a “short-shunt” connection. 
Owing to the fact that both windings assist each 
other, some sort of regulation at high speeds would 
be necessary. 


The Gray & Davis concern used this principle on 
an early type of generator, models ‘‘C,” “C1,” “G,” 
and “G1” (see Fig. 11A). - 


Fig. 11A. Shunt field circuit: From (+) brush through 
shunt field windings (SHF) to (—) brush. 


Charging circuit: From (+) brush to cut-out, through cut- 
out current winding (S) to (+) of battery, to (—) brush of 
generator. 


Lighting circuit: From (+) brush, through cut-out, to light- 
ing switch (LS), through lamps, through series winding (SEF) 
to (—) brush. 


This generator, through its ‘cumulative’ action, 
would build up just the same as a plain shunt 
machine. Therefore the mechanical centrifugal 
governor principle was used to regulate the speed of 
the generator armature and thus keep the generator 
at a constant speed, and it was thus termed a 
“constant speed” and “constant current’ type of 
generator. 

Connections of this system are shown in Fig. 11A. 
When lamp switch (LS) is open, the shunt field 
winding (SHF) is acting alone, and sufficient pres- 
sure is generated in the armature winding to over- 
come the pressure of the battery and produce a 
charging current. 

When the lamp switch (LS) is closed, the current 
to lamps (L) passes through the series field (SEF) 
in the same direction as in the shunt field (SHF), 
thus increasing the strength of the magnetic field 
in which the armature is rotating, and increasing 
the electromotive force, or pressure generated. 

Thus it is possible for the generator to carry the 
lamp load and to continue to charge the battery at 
the same rate at which it was charging the battery 
before the lamps were turned on. 

A compound-wound machine with a shunt and 
series winding is shown in Fig. 12. It is wound 
so that the current path is in the same direction in 
both windings, and it would thus be termed ‘‘cumu- 
lative compound-wound,” but it differs from Fig. 11, 
in that it is “long shunt’’ connected instead of “short 
shunt” connected. 

Follow the field circuit in Fig. 11, from the (+) 
brush, and note that the shunt winding connects 
direct with the brushes and is thus termed a ‘‘short 
shunt.” 


SERIES. SHUNT 
Pele aya 


Fig. 12. Compound-wound generator ‘‘cumulative”’ in 
action; “long shunt’”’ connection. See also Fig. 10B. 


Follow the field circuit in Fig. 12 from the (+) 
brush of the generator and note that the current 
must first pass through the series winding before 
it reaches the shunt winding. This is termed a 
“long shunt.” 


Both are ‘cumulative’ wound and are seldom 
used, for the reason that the field builds up at high 
speeds, the same as in a plain shunt generator, and 
some form of regulation is required. 


Compound-Wound Generator with 
‘Differential Action” 


A compound-wound machine with a shunt and 
series winding is shown in Fig. 13. The series 
winding is wound so that the path of the current 
through it is in an opposite direction to that in the 
shunt winding. In other words, the series winding 
is ‘‘reversed’’; hence the term often used, “reversed 
series”? winding. 


Fig. 18. Compound-wound generator ‘‘differential’’ in 
action; ‘‘short shunt’? connection (also termed a “‘reverse- 
series’? winding). 


Connection of the ‘‘shunt”’ and “series”? windings 
with the brushes would be termed a “short shunt,” 
as the shunt winding is connected direct to the 
brushes. 


When the magnetizing action of the current-flow 
through the series and shunt field windings of a 
generator is in opposite directions, the action is said 
to be “differential.”’? Thus we have in Fig. 13 a 
“differential compound-wound”’ generator, with 
“short shunt” connection, also termed a “reverse 
series” field winding regulation. This principle is 
a typical example of “inherent” regulation. 


The shunt winding (SHF), (Fig. 13) is connected 
with the brushes and establishes the N and 8 
polarity of field pole. Only the field current passes 
through it. As the generator armature speed in- 
creases, the magnetic strength of the field pole 
increases and would continue to do so if the reversed 
series winding (SEF) did not come into action. 


Allof the current from generator to battery, lights, 
etc., must pass through the reversed series winding 
(SEF). Note that in Fig. 13 it is wound in an oppo- 
site direction to the (SHF) winding; therefore as the 
increasing current passes through the (SEF) winding, 
it tends to buck or oppose the (SHF) winding, or, in 
other words, the effect is to endeavor to reverse the 
polarity, thus weakening the magnetic field strength, 
and consequently weakening the output. 
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COMPOUND-WOUND GENERATORS WITH “DIFFERENTIAL”? ACTION—AN EXAMPLE 


An example of a differential-compound wound 
generator with a “reversed-series” regulation is 
shown in Fig. 14. This shows the models “G,” 
“GA,” and “GF” Autolite, used on the Overland 
82, 86-6, and other cars from 1915 to 1918. 


SEF  SHF 


A¥ALIVE 2OVAOIS 
IK@—alII 


Gt 


GENERATOR 


Fig. 14. A compound-wound generator “differential” in 
: ? : ; ; 
action (also termed ‘“‘reverse-series’”); ‘‘short shunt” connec- 
tion, — 


The generator is a two-pole machine with the two 
windings on a field core at the top arch of the genera- 
tor. 


The shunt-field circuit is from the (+) main 
brush through shunt winding (SHF) to the (—) 
main brush. This establishes the polarity of field 
poles as N and S. 


Cut-out voltage winding circuit: At slow speeds 
the starting generator current builds up voltage in 
the cut-out fine winding (V). This circuit is from 
the (+) brush through series field windings (SEF), 
to ground (G) on the cut-out frame, through wind- 
ing (V) to ground (G), to grounded (—) generator 
brush (G). When the voltage reaches about 6.5 
volts the winding (V) magnetizes the core, and 
armature (A) is drawn to it, thus closing points 29), 

Note. The ground (G) on the cut-out frame is insulated 


from the ground of the car; that is, the cut-out frame is used 
as an insulated conductor. 


The charging circuit is then from the generator 
main (+) brush, through series field (SEF), to 
ground on the frame of the cut-out, through points 
(P), through cut-out series winding (S), through 
the ammeter, to the (+) terminal of the battery, 
through the battery to the grounded (—) terminal 
ie oka to the grounded (—) brush of generator 


Regulation of output: At 1,150 r.p.m. the genera- 
tor gives approximately 12 amperes, and its maxi- 
mum, 16 amperes, is at 2,000 r.p.m. Above 2,000 
revolutions, or at 2,200 r.p.m., it drops to 15 
amperes, owing to the effect of the reversed series 
field winding (SEF). 


Refer to the illustration and note that the 
charging current flows through the series winding 
(SEF) in a reverse direction to the flow of current 
through the shunt-field winding (SHF); note also 
that the series winding (SEF) is in “series” with 
the battery and generator, 


As the current flow increases with the speed of 
the generator, the current through the series wind- 
ing (SEF) becomes stronger and stronger until it 
opposes the shunt-field winding to such an extent 
that it has the effect of demagnetizing the field core, 
thus reducing the number of lines-of-force and the 
output. 


This is a form of regulation termed a “reverse- 
series” winding regulation, and is a typical type of 
an “Inherent” system without the use of external 
devices. 


It is clear that since the current for battery and 
lights is carried through the series winding (which 
winding serves as a “regulator’’), if an open circuit 
should exist, at high speeds, say, at cut-out points 
or at the battery, the series field which regulates 
the output would be open and the generator voltage 
would build up through the shunt winding (SHF) 
as on a plain shunt generator and burn out the lights, 
and in most instances burn out the voltage winding 
of the cut-out. 


Thus, if the battery is disconnected, either a heavy 
wire should be placed across the brushes or the 
brushes of the generator should be disconnected 
altogether. 


generator ‘“‘differential’” in 


Fig. 15. Compound-wound i 
See also Fig. 10C. 


action; “long shunt’”’ connection. 


The connections of the compound winding, con- 
nected as a “long-shunt”’ connection are shown in 
Fig. 15, whereas the short-shunt connection is shown 
in Fig. 14. It is “differential” in action, as the 
current flows in opposite directions around the field 
poles, and thus differs in action from that shown in 
Fig. 12, which was “cumulative” in action. In 
other words, current flows in the same direction in 
both windings. 


The principle of the “short” and “long” shunt 
is similar, except that in the long-shunt connection, 
the current to the shunt-field must flow first through 
the series-winding before completing its circuit. 


Charging rate adjustments of compound-wound 
generators with reversed-series winding and shunt 
winding, differential in action to each other (that 
is, wound in opposite directions, so as to oppose 


each other, as in Figs. 13, 14, and 15), are not pro- 
vided with means for adjustment. 


The output can be increased by connecting a 
resistance wire of low resistance in parallel with the 
series field. The amount of resistance can be 
determined only by experiment. 


Another method would be to cut out a few turns 
of the reversed series field coil. 


To decrease the output, a few turns could be 
added to the reversed series coil (SEF). 


Compound Winding—“‘Bucking-Series”’ 


A compound-wound generator with a shunt wind- 
ing and a “reversed-series-field” winding with a 
“thermal unit” for cutting into the series-field at 
high speeds is shown in F ig. 162 This system 
would be termed an “nherent, constant eurrent,’ 
Syehem with a “differential” or “bucking-series”” 
action. 


The difference between this system (Fig. 16), and 
the “differential” system shown in Figs. 13, 14, 


ore voltae. winding tees often burned out when the cut- 
out points stick an e battery discharges for a 1 i 
back through the generator. Ss gee 


2 Formerly the Rushmore (now known as the Bosch) ‘‘ther- 
mal principle of regulation.” 
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and 15 is that the series field winding (SEF), also 
called “regulating winding,” does not take all or 
even a part of the current delivered by the genera- 
tor until the generator speed reaches a point above 
a car speed of 15 miles per hour. The current up to 
this point passes through an iron wire resistance (B), 
called a “ballast coil,” and when cold offers no 
resistance. Thus the current does not pass through 
the series winding, because there is less resistance 
through the resistance coil (B), when cold. 


Fig. 16. 


Shunt-field circuit: 
shunt-field winding (SHF), through ballast coil (when cold), to 


From (+) brush, through 
(—) brush of generator (G). When (B) becomes hot, resistance 


is offered and the path is then through (SEF). 


Bis 


Cut-out voltage winding: From (++) brush, through winding 
(V), through ballast coil, to (—) brush of generator. 


Charging circuit: From (+) brush, through battery (+), to 
cut-out series winding (S), through points (P), through series 
bucking coil (or ballast coil, if less than 15 m.p.h.), to (—) 
brush of generator. 


The generator, therefore, acts as a plain uncon- 
trolled shunt-wound machine, and builds up voltage 
rapidly. 


_ As the speed of the generator increases, the charg- 
ing current passing through the ballast coil (iron 
wire B) increases, and thus its temperature is 
raised. At 15 m.p.h. car speed, the charging cur- 
rent reaches a higher value, and the ballast coil is 
heated to such an extent that it offers more resist- 
ance than does the series winding (SEF). There- 
fore the current takes the easier path through the 
series winding, which causes the “differential” effect 
of opposing the shunt-field winding (SHF), which 
in turn demagnetizes the field core and reduces the 
output, as explained under Fig. 14. 


This action of the series field opposing the shunt 
field is often termed ‘‘bucking,’’ and the series field 
(SEF) is often termed a “‘bucking coil,” as it bucks 
against the shunt-field (SHF) magnetizing effect of 
the field core. 


THIRD-BRUSH REGULATION 


The generator using a third brush to regulate the 
output at high speeds is a shunt-wound generator, 
and not a compound-wound (unless it is a motor- 
generator combined, which is explained farther on). 
The third brush regulates the current out-put of 
the generator, and is termed a ‘‘constant current’ 
regulation method. 


The third-brush regulation of the out-put of a 
generator is a typical example of an ‘inherent’’ 
method of regulation. The regulation is accom- 
plished without the use of resistance, or electro- 
magnets, or any external devices whatsoever, and 
is the system now in general use. 


MAGNET) 
WHIRL AROUND WIRE —~ ; 
Fig. 17. Third-brush regulated generator. 


A diagram of the internal connections of a third- 
brush regulated generator is shown in Fig. 17. 


Note that instead of both terminals of the shunt- 
field windings being connected direct to the main 
brushes, one end of the shunt-field winding is con- 
nected to the third brush, and the other end is 
connected to the (—) main brush. This third 
brush regulates or controls the amount of current 
passing to the shunt-field windings, and thus tends 
to keep the current out-put of the generator con- 
stant. 


The third brush is always connected with one end 
of the shunt-field windings, either the (+) or the 


(—), depending upon the direction of rotation of 
the armature and the side of commutator on which 
it is placed. In the example given above it is con- 
nected with the (+) side; thus the current leads 
from it into the field windings. 


The shunt-field circuit, in Fig. 17, is from the 
third brush (which is on the (+) side of the arma- 
ee through the field windings, to the (—) main 

rush. 


As stated above, the amount of current passing 
to the field windings is dependent upon the third 
brush. In a plain shunt-wound generator the field 
windings are connected direct to the main brushes, 
but by connecting one end of the field winding to 
ibe third brush, we cut out part of the armature 
coils. 


Magnetic Cireuit of Generators 


Before the principle of the third brush can be 
understood, it will be necessary to take up the 
subjects of “magnetic circuits of generators,” 
“brushes,” and “armature reaction,’? which will 
lead us to the explanation of the third-brush 
principle. 


The same principle applies to the magnetic circuit 
of a motor. 


The main magnetic circuit of a two-pole round- 
frame generator, with poles 180° apart, is shown in 
Fig. 18 (page 358). The polarity of the pole is 
determined by the direction in which the wire is 
wrapped around it, and the direction in which cur- 
rent flows in the wire, just the same as the polarity 
of the electro-magnets shown on page 183. The 
word “polarity” refers to the N or 8 pole. 


The main magnetic circuit, also called the ‘main 
magnetic field,” or the path of the magnetic lines- 
of-force is very much the same as on an electro- 
magnet. In fact, we could term the two field poles 
“electro-magnets.” 


Let us assume that wire is wrapped around the 
field poles and that current is flowing in such a direc- 
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tion as to give the pole on the left (Fig. 18) a N -pole 
polarity, and the pole on the right a S-pole polarity. 


Therefore the lines-of-force would pass out from 
the N-pole end of the left electro-magnet (field pole), 
across the air gap (where the armature revolves), to 
the S-pole end of the electro-magnet on the right, 
then out the N-pole end of this magnet on the 
right, through the frame to the S-pole end of the 
magnet on the left, back to its N-pole end. Thus 
the magnetic circuit is completed, above and below 
and all around. 


The magnetic circuit of a four-pole round-frame 
generator, with field poles 90° apart from the center 
of each pole, is shown in Fig. 19. Poles opposite 
each other are of the same polarity, or, in other 
words, the polarity alternates. This is necessary 
in order that there be a magnetic circuit. 


If the poles opposite each other were of opposite 
polarity, the lines-of-force could flow only in two 
directions, as shown in Fig. 21. 


Fig. 21 (wrong). 


The main magnetic lines-of-force will not flow 
across the air-gap from one pole to another, where 
there are a multiple of poles, because they take 
the easier path, from one pole to the adjacent pole. 
They could not flow across air-gap, from one pole 
to another, because they would have to cross each 
other and lines-of-force cannot cross or merge into 
each other.! Therefore the plan shown in Figs. 

19 and 20 is the usual polarity for “Nnulti-polar” 
generators. 


A four-pole rectangular generator frame with two 
field poles on which wire is wrapped (the upper and 
lower poles), and two field poles without wire, is 
shown in Fig. 20. The field poles on which there is 
no wire are called “consequent” poles. The mag- 
netic circuit is similar to the four-pole generator 


1 Lines-of-force do not cross or merge into each other. Al- 
peut there are millions of them, each line is independent of 
e other. 


(Fig. 19). The magnetic circuit takes the shortest 
path, as shown. 


if the top pole was N and the bottom pole 8, then 
the lines-of-force would only be made to pass from 
the top to the bottom pole by having the space 
between poles less than from the pole to the sides 
of the frame. In other words, the lines take the - 
shortest path. 


A two-pole generator has more wire on the field 
poles than a four-pole generator, the capacity being 
the same. 


It will be noticed that on two-pole generators the 
magnetic lines-of-force flow straight across and 
through the armature, and that on four and six-pole 
generators the lines pass through only a portion of 
the armature. For this reason, the armature wires 
are wound accordingly. The two-pole armature is 
divided into halves, and the four-pole into quarters 
called “spans.” Hence the reason for placin 
brushes in different positions, as will be explaine 
farther on. 
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A six-pole, multi-polar generator frame is shown 
in Fig. 22. Note that the polarity of the poles 
alternates, as was the case in Fig. 19. 


Note, too, that there are six field poles. If wire 
was wrapped on these field poles and current 
passed through the winding, each field pole would 
be an electro-magnet; one end of the field pole 
would be N and the other S. 


Therefore, if the field pole, Say, in the center, at 
top, was wrapped with wire in such a direction that 
its inner end, facing the center of the generator was 
the N pole, its other, or upper end, would be the 8 
pole, just the same as in the case of an electro- 
magnet. 


The next pole would have the wire wrapped 
around it in such a direction that its inner end 
would be the S and the upper end of it would be 
a N pole, and so on, around the entire lot of field 
poles. 


The main magnetic circuit would then be just 
the same as explained in Fig. 19, page 358, which is: 
out of the N-pole end, into the adjacent poles at 
the S-pole end, out of the N pole, or the upper end 
of the S pole, into the frame, into the S-pole end 
or ae N pole, thus completing the magnetic cir- 
cuit. 
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Brushes 


It is also necessary to explain the location of 
brushes on a generator commutator, in order to 
lead up to the principle of the third brush, because 
the position of the third brush and the distortion of 
the maim magnetic field are two factors governing 
the operation of the third brush, 


Main brushes on a two-pole (bi-polar) generator 
are placed 180° apart (Fig. 26). One is positive 
(+), the other negative (—). 


Main brushes on a four-pole (multi-polar) 
generator can use either two or four main brushes. 


If two brushes, they would be placed 90° apart 
(Fig. 26A), and one would be negative and the other 
positive. 


If four brushes (Fig. 26B), two would be positive 
(+) and two negative (—), the brushes opposite 
each other being of the same polarity. 


Fig. 26A 


Only two brushes on a four-pole generator are 
necessary, if they are large enough to carry the cur- 
rent, as they are more accessible. 


On many of the Remy four-pole generators of the 
straight shunt-wound type, using an external regu- 
lation system (Fig. 17, page 422), there are three 
brushes (Fig. 26E). Two of these are ‘mai 
brushes” and the third is a “field brush.” 
not a “third brush,” and it is not absolutely neces- 
sary, but is used as a common ground for the arma- 
ture and field. 


The third brush is usually smaller than the main 
brushes and is usually black, whereas the main 
brushes are often copper plated. 


Fig. 26C 


Fig. 26B 


On a two-pole, or bi-polar generator, the third 
brush is placed slightly nearer to either the (+) or 
(—) main brush, as in Fig. 26C. Thus it will usu- 
ally be (—) if nearer the (—) brush, or (++) if nearer 
the (+) brush. The location varies according to 
the direction of motion of the armature and the 
direction of current through the field windings. 


On a four-pole, or multi-polar generator where 
there is a third brush, the two main brushes are 
usually located 90° apart. The position of the third 
brush will be between 130° and 160° from the main 
brush of opposite polarity, as shown in Fig. 26D. 
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Fig. 26E 


Brush construction: The brushes used on gener- 
ators are usually carbon brushes. The reason car- 
bon is used is because they nave the advantage of 
giving better commutation than copper brushes, as 
they offer a higher resistance in the path of the 
short-circuited coil (C, Fig. 26H) than copper 
brushes do, and thus keep down sparking to a certain 
extent. They are quite often copper plated, so 
that the current will be conducted to the main circuit 
without this resistance effect, but the part resting 
on the commutator segments is plain carbon, and 
thus offers resistance to the coil (C) of the armature, 
which it short-circuits across when over two seg- 
ments. 


RADIAL 


TANGENTIAL SHORTED COILS 
B 


Fig. 26F. Fig. 26G. Fig. 26H. 


Brushes on motors were formerly made of gauze, 
but are now made of composition, something like 
graphite and carbon. 


A radial brush is where the brushes butt directly 
against the commutator, as in Fig. 26F. They are 
usually of carbon and this is the principle of con- 
struction for brushes used on automobile generators 
and motors. 


Tangential brushes are usually made of copper, 
and are placed as shown in Fig. 26G. They are 
seldom used. Starting motor brushes are now 
made of a composition similar to carbon, but softer, 
and are placed in a radial position (Fig. 26F). 


Brushes must be seated (rounded out) to fit the 
curvature of the commutator. See Index under 
“Seating brushes.” 


Setting Brushes 
An armature with wires around the core is shown 
in Fig. 27. The commutator is not shown, but the 
brushes are shown as if connected with the wires. 


The lines-of-force are flowing from N to §, as 
indicated by the straight arrows. We will term 
this the “main magnetic field.” Therefore, the 
armature revolving as it does, it would cut the lines 
up on the left, and current would flow in, and as the 
wires cut down on the right, current flows out. 


If these lines-of-force always passed in a straight 
line as shown, a “neutral” line could be drawn 
directly down through two commutator bars at a 
position where the current in the wires on the two 
sides are opposed to each other. In other words 
one side is (+) and the other (—). The “neutral 
line” therefore would be as shown. 


Armature Reaction 
Owing, however, to what is termed “armature 
reaction,” this line is always farther advanced in 
the direction of rotation, for the reason mentioned 
on the next page. 
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When the armature revolves, current flows 
through its winding, and it immediately does what 
an electro-magnet would do; its core would become 
magnetized. That is, it would produce an electro- 
magnetic effect of its own, independent of the “main 
magnetic circuit,” with a N and § pole polarity, as 
shown in Fig. 28, resulting from the lines-of-force 
produced around the wires by the current flowing 
in the wires. As will be noted in Fig. 28, these lines 
are directly across the main magnetic field, as shown 
in Fig. 27. 


it will be noted, by referring to Fig. 28, that the 
“main magnetic field” (straight arrows), in passing 
from the N to the 8 pole, would flow in the same 
direction at the “trailing pole tip”’ (T), as the lines- 
of-force produced around the armature (curved 
lines), and thus would offer no opposition, and the 
main magnetic lines-of-force would be dense, as at 
(T) (Fig. 29). 


On the other side, however, at the top (Fig. 28), 
at the “leading pole tip” (L), the lines-of-force 
around the armature wires are flowing in the oppo- 
site direction to the “main magnetic field” and 
would oppose it. Therefore the lines would drop, 
and at this pole tip (L), the magnetic field is weak 
(Fig. 29). 


At the bottom (L1) (Fig. 28), opposition is offered, 
and thus this “leading pole tip” would be weak (see 
Fig. 29), whereas at the “trailing pole tip” (T1), the 
“main magnetic field” and “armature field” would 
be in the same direction, and thus (T1) would be 
dense, as in Fig. 29. 


Refer now to Fig. 29, and note that the magnetic 
lines have been distorted out of a regular straight 
line, so as to weaken the “leading pole tips” (L) and 
(L1) and to strengthen the “trailing pole tips” (T) 
and (T1) because of the “armature reaction,” or 
lines-of-force set up in the armature, as in Fig, 28, 


The position of neutral plane will not therefore 
now be as in Fig. 27, but would be somewhere in 
the position shown in Fig. 30, in the direction of 
rotation of the armature. And the angle would 
Increase as the current from the armature increased. 


Therefore the necessity of shifting brushes forward 
or backward to locate the “line of commutation”? 
in order to reduce sparking at the brushes will be 
evident. This “neutral line” must be found when 
setting brushes, otherwise the voltage may not 
come up to normal. 
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n some of the Westinghouse generators the brushes are set 
eee neutral line (Fig. 30). The brush rigging holding the 
main brushes is permanent, but they can be shifted, if necessary, 
by loosening and moving the commutator end housing. 

The Remy generator brushes are moved one-half or two- 
thirds the width of the segment in the direction of rotation 
from the neutral line. The Delco and Bijur main brushes are 
set permanently. 


To Find Neutral Position 


To find the neutral position on the commutator 
it is necessary to ‘motor’ the generator, that is, 
to connect a battery of the same voltage as the 
generator to the main brushes, and then shift the 
brushes one way or the other until the armature will 
not turn in either direction. This is “neutral 
point,” or where the wires on one side are positive 
and the other side negative, and the neutral line is 
between. 


This position can also be found by connecting a 
voltmeter between the brushes and moving the 
rocker-ring until the point of highest voltage is 
reached. The voltage will decrease as the brushes 
are moved away from the neutral plane. 


Note. The current on this test is sent through the armature. 
Therefore always disconnect one side of the field from the cir- 
cuit. Ifin a third-brush generator, this can be done by raising 
the third brush, as the third brush connects with one end of 
the field. Asan example relative to finding “neutral” position, 
the Ford generator will be used. 


To locate neutral position of brushes on a Ford generator: 
When brushes seat properly, the main brushes should be set 
on the neutral point. Raise the third brush and disconnect 
the field circuit. Connect the battery wire to the generator 
terminal. If the armature revolves, the brushes are not set on 
the neutral point. Turn the Ting against the direction of 
rotation until the armature ceases to turn or until it revolves 
in the opposite direction. If it turns in the opposite direction, 
bring the ring back until the armature will not revolve in either 
direction, even when started by turning the shaft by hand. 
The brushes are now set on neutral point. Tighten the screws 
which hold the ring to head; lower the third brush and try it 
forrunning. If it turns over properly, drawing less than six— 
preferably less than four—amperes, the generator should be 
assembled to the engine, and proper connections should be 
made through the cut-out to the battery. 


Brush 


Leads from 
Conductors 


ye 
Pag 


Brush 
Fig. 380A. Showing the reason for placing the brushes in a 
neutral position. 


Why a brush must be set on or near to neutral: 
Without going into the subject of armature winding, 
which would require considerable explanation, of 
value only to an armature winder, a simplified 
explanation is given as follows: 


In the case of either a lap or wave-wound arma- 
ture, by referring to Fig. 30A, it will be noted that 
two conductors are connected to each commutator 
bar. On most of these commutator bars, the 
current is flowing into the bar from one of the 
conductors, and out of this same bar to the other 
conductors. 


Note that there is only one commutator bar to 
which current js flowing from both conductors; 
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consequently the (+) brush should be in contact 

with this commutator bar. In the same way there 

is only one commutator bar from which current 

is flowing to both conductors; consequently the (—) 

pee should be in contact with this commutator 
ar. 


_Brushes on motors are shifted in the opposite 
direction to that of generators owing to the fact that 
the armature reaction is in the opposite direction. 


Figs. 31 and 32 illustrate methods of keeping the 
brushes pressed firmly to the commutator by spring 
tension. Note the spring. 


Hig a2. 


Fig. 31 represents two main brushes and a third 
brush as on the Ford “FA,” 4-pole generator. 


Fig. 32 shows the brush holder, the brushes, and 
He end plate of a two-pole generator, as shown in 
ig. 33. 


GEN. FRAME” : 
ARMATURE 


Fig. 33 illustrates the parts of a two-pole generator 
with a single-field winding. The field coil is shown 
to the right at top, and the armature and end plate 
are at the bottom of the illustration. The round 
frame with two and four poles is used most. 


The Principle of Operation of the Third Brush 


Now that we have learned how the magnetic 
circuit is distorted and how the pole-tips are weak- 
ened, the principle of the third brush will be easier 
to understand. 


Refer to Fig. 34. Suppose the voltage from the 
main brush (C) to the main brush (D) is 6% volts, 
the voltage would be about 5 volts from the main 
brush (C) to the third brush (E). Thus 5 volts 
would be applied to the shunt-field winding, which 
is sufficient pressure to cause approximately 1} 
amperes to flow to the shunt-field windings. At 
low speeds, where the generator armature sends 
little or no current into the battery, the “main 
magnetic field” is almost straight across from N to 
S poles, as in Fig. 27, page 360. 


As the generator speed rises, the current going 
to the battery increases. This current .of course 
flows through the armature, from the main (+) 
brush (D), to the battery, to the main (—) brush 
(C). 


This current flowing through the armature wind- 


ing sets up what is termed “armature reaction,” f 
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Fig. 34. Explaining the principle, or action of the third brush. 


as explained on page 360 (Fig. 28), with the result 
that the “main magnetic field,” which at low speeds 
moved straight across from N to S pole (as in Fig. 
27, page 360), is now distorted or twisted out of its 
original position, very much like two streams of | 
water coming together, and as shown in Fig. 34. 
Thus, as explained on page 360, at the trailing pole 
tips (T) and (T1), the lines-of-force are dense and 
strong, and at the leading pole tips (L) and (L1), 
they are weak. 


Therefore the armature coils, in passing from 
brush (E) to (D), is passing through the weakest 
magnetic field, and consequently a very low voltage 
is generated. 


The greater part of the voltage is generated when 
passing from brushes (C) to (E), as this part of the 
magnetic field is strongest. 


Thus, as the speed increases the distortion is 
greater, weakening the leading pole tips where the 
third brush takes its current for the field windings. 
As the magnetic lines-of-force are weakened, the 
current to the field weakens, and the voltage of 
the machine becomes less than would be the case 
with the full-field strength, thus holding the gener- 
ated current down to the maximum for which the 
brush is set. Clearly, then, the shunt-field current 
decreases as the speed increases. 


Adjusting Output of Third-Brush Regulated 
Generators 


The maximum output of a third-brush regulated 
generator can be increased by moving the third 
brush on the commutator away from the main brush, 
which is connected to the field-windings. To 
decrease, move it in the opposite direction. 


Since the field is connected between these two 
brushes, it can readily be seen that increasing the 
distance between them will insert a greater number 
of armature conductors between them, thus increas- 
ing the voltage applied to the field windings, which 
in turn will increase the field strength, consequently 
increasing the generator output. 


Most third-brush generators have an adjustable 
brush arm which can be adjusted in either direction. 


It is important that all brushes be fully seated, 
especially the third brush. 


362 


The third-brush regulated generator is now used 
more than any other method of regulation. 


The third-brush regulated generator is a ‘con- 
stant-current” regulated type of generator, because 
of the fact that the charging current flowing through 
the armature winding produces the field distortion 
necessary for regulation. Therefore, the charging 
circuit must not be opened by removal of the battery 
or open circuits, otherwise the generator would 
build up voltage to a high value. 
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When disconnecting the battery, the main gener- 
ator terminal should be grounded or the shunt-field 
fuse removed. 

Most third-brush regulated generators have field 
fuses connected with the shunt-field winding. 

If lamps are operated from a constant-current 
generator, the lamps will be burned out when the 
battery is disconnected unless the lamps are so 
connected that they consume the entire output of 
the generator. 


EXAMPLE OF A THIRD-BRUSH REGULATED GENERATOR (REMY) 


A Remy four-pole, third-brush regulated gener- 
ator is shown in Fig. 35. 


-~—<—-—"* 


GENERATOR : 


Fig. 35. A Remy four-pole, third-brush regulated generator. 


Shunt-field circuit: From the (+) main brush, 
through the field windings, to the third brush, 
which in this instance is connected on the (—) side. 
This completes the field circuit. The regulation of 
this field circuit at high speeds is by means of the 
third brush, as explained on page 361. 

The cut-out voltage winding circuit is the next 
circuit to trace. This circuit starts at the (++) main 
brush, to cut-out! series coil (S), to voltage winding 
(V), to ground, to the grounded (—) main brush of 
the generator. Thus the cut-out voltage winding 
is completed. 

Battery-charging circuit: When the speed of 
the generator reaches a voltage higher than that of 
the battery, the voltage is such that the voltage 
winding (V) exerts sufficient magnetizing effect to 
draw the cut-out armature blade (A) to the core, 
thus closing points (P). The charging circuit is 
then from the (+) brush, through series coil (S), 
through blade (A), through points (P), to the 
ammeter, to (+) of the battery, through the battery, 
to (—) ground of the battery, to the (—) grounded 
main brush. 

The battery discharge circuit is about 2 amperes 
back through the cut-out series coil (S) to cause 
the points (P) to open when the generator speed 
drops to a low speed (see action in Fig. 5, page 333). 


Third-Brush Regulated Generator with a 
Thermostat Control (Remy) 
It will be noticed in Fig. 36 that a thermostat is 


provided in addition to the third brush, the purpose 
of which is explained farther on. 


1 Thus the cut-out consists of two cores, one for the voltage 
winding and one for the cut-out series winding, 


Shunt-field circuit: From the (+) main brush 
through the thermostat blades (which offers no 
resistance when cold), through the thermostat 
closed points (X), through the field windings (two- 
pole generator), to the third brush. (Note that 
the third brush is on the (—) side in this instance.) 
Thus a third brush regulates the output of the 
generator. 
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Fig. 36. Remy four-pole, third-brush regulated generator 


using a thermostat control. 


The thermostat, more clearly shown in Fig. 37, 
is in series with the field circuit (Fig. 36). Its pur- 
pose is to permit setting the third brush to a much 
higher charging rate. Thus when first starting with 
a cold generator, the charging rate will be higher 
than if there was no thermostat. Thus a heavy 
charge goes to the battery. 
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Fig. 38 
Resistance (R) 
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Fig. 37. Thermostat points (X) 
not in the circuit. 


closed. 


Fig. 38. Thermostat points (X) open. 
now in the field circuit. 


Resistance (R) is 
When the generator is cold, the thermostat springs 
hold the contact, points closed, and no resistance is 
offered to the flow of current from the armature 
through the field windings, which, as stated, is 
higher than if the thermostat was not used. 
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Owing to the heavy current flowing through the 
thermostat blades, the temperature rises quickly 
to a degree of approximately 175° F., at which time 
the blades warp and the points separate, thus insert- 
ing the resistance (see Fig. 38) into the field circuit. 
With this resistance in the field circuit, the charging 
rate is then about what the average third-brush 
regulated generator would be set for, or the regular 
charging rate, though the strength of the field 
circuit is normal. 


Thus the thermostat is not classed as a regulator 
for cutting down the output at high speeds, but is 
merely used so that a heavier charging current will go 
to the battery when first starting or when the gener- 
ator is cold, thus, termed a ‘“‘thermostat control.” 


On some of the Remy systems, for instance in 
the 1919 Stearns, a multiple of four of the thermo- 
stat blades were used, connected in parallel, and 
set for different temperature openings. 


The blades of thermostat are made of a strip of 
spring brass welded to a strip of nickel steel, a com- 
bination which warps when heated, because of 
the greater expansion of brass. 


The thermostat is generally used with only the 
third-brush regulated type of generator. 


The third-brush constant-current regulation is 
the principle used on this generator at high speeds, 
the principle of which is explained on page 361. 


The cut-out voltage or shunt circuit: Current 
tlows from the (+) brush through the current or 
series winding (S) of the cut-out, through voltage 
winding (V), to the (—) main brush. 


Charging circuit: When the voltage of the gener- 
ator is higher than that of the battery, the mag- 
netic strength of the voltage winding around its 
core will be sufficient to draw the cut-out armature 
blade, thus closing points (P); the charging circuit 
is then from the (++) brush, through series winding 
(S) of the cut-out, through the blade, through 
points (P), to the ammeter, to the (+) terminal 
of the battery, to the (—) terminal of the battery, 
to ground, to ground of the (—) main brush. 


Remy Generator Adjustments 


Third-brush adjustment. To raise the output of 
a generator on which the third-brush regulation is 
used, it is necessary to move the third brush near 


TO CUTOUT COIL'V" 
FROM BRUSH "F" 


TO CUT-OUFq 


Fig. 39. Remy third-brush adjustment, showing the loca- 
tion ‘of parts. The third brush can be adj usted by the third- 
brush rocker-ring adjusting screw through the part, marked (1). 
E is the third brush; D, connection to field winding; G, first 
main brush on the brush holder to which the thermostat 
assembly (H) is attached; C is the field lead showing the return 
from the field winding; A is the lead to the cut-out and battery. 
See also Fig. 36. 
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the main brush, which is not connected to the field 
windings, or farther away from the “leading”? main 
brush, which is connected to the field windings. 
Since the field is connected between this latter main 
brush and the third brush, it can readily be seen 
that increasing the distance between these brushes 
will increase the voltage impressed upon the field, 
which will also increase the field strength, and will 
in turn increase the generator output. On the other 
hand moving the brush farther away from the trail- 
ing main brush or nearer the leading main brush will 
decrease the field strength and decrease the output. 


Setting brushes on generators: All generator 
brushes should be set in the position of least spark- 
ing when carrying full load, which position will be 
located a short distance ahead (in the direction of 
rotation) from the neutral plane. (See page 360 
explaining the ‘neutral plane.’’) The brushes are 
in the neutral plane when at the position where 
the current is reversing in the winding, and, there- 
fore, at the position where the highest voltage is 
obtained between brushes of opposite polarity. 


This position can be located by connecting a volt- 
meter between the brushes and moving the rocker- 
ring until the point of highest voltage is reached. 
The voltage will decrease as the brushes are moved 
away from the neutral plane. 


The cut-out used with the Remy generator (Figs. 
35 and 36) is explained on pages 351 and 350. 

Third-brush adjustment (fixed type): Fig. 40 
illustrates the method of regulating the output of a 
stationary third-brush type generator, such as 
models “O” and “OB.” Filing away a portion of 
the third brush so as to reduce the seat will tend to 
throw the brush nearer or farther away from the 
trailing main brush. 


TRAILING 


eonise OR 
"FIXED" 53RD BRUSH 
Fig. 40. Third-brush “‘fixed type.” Seldom used. 

To increase the output, file the third brush as 
shown in Fig. 40, which places the brush ahead, or 
towards the trailing brush, which is the same as 
moving it in the direction of rotation. 

To decrease the output, file the top side, so as to 
place the brush away from the trailing main brush. 

File only a small portion of the brush at a time, 
making tests by installing it and running the gener- 
ator until desired maximum output is obtained. 

Tf the armature revolves in the opposite direction 
to that in Fig. 40, employ the same principle. 

The third brushes in Remy generators (Figs. 35 
and 36) are adjustable. 

The cut-out, as used with the Remy third-brush 
regulated generator, and the method of adjusting 
them, is shown on page 351. 


Remy generators with a plain shunt-winding and 
with an ‘‘electromagnetic principle of regulation” 


‘have no adjustment, except that the brushes should 


be adjusted and seated for good commutation. 


The relay-regulator, however, isadjustable. ‘This 
is explained on page 350, and thus the plain shunt- 
wound generators which are used with this “electro- 
magnetic” regulation method can be adjusted in 
the manner explained on page 352. 
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BIJUR THIRD-BRUSH REGULATED GENERATORS 


Two examples of the Bijur generators are shown: 
one with the cut-out external of the generator, and 
the other with the cut-out internal of the generator. 


Example of a Third-BrushRegulated Generator 
(Bijur) with an ‘External’? Cut-Out 


The Bijur third-brush regulated generator! is of 
the constant-current type. Models L-220, P-230, 
K-230, and U-250 are shown in Fig. 41. 


Note that the cut-out is external of the generator, 
being placed on the top of the generator. There 
are four field-poles, consequently there are four 
shunt-field windings (SHF). 


3RD. BRUSH ff 
ADJ. SCREW 


Fig. 41. 


Bijur third-brush regulated generator with cut-out 
external, 


Shunt-field circuit: From the third brush, through 
field windings (SHF), through the fuse, to the (—) 
main brush (top right). 


Cut-out voltage circuit: From the (+) main brush 
(top left), through cut-out voltage winding (V), to 
the ground screw, to ground of the (—) main brush 
at the fuse. 


Charging circuit: From the (+) main brush (top 
left), to closed points (S), through the series cut-out 
winding (S), to the main cut-out terminal, to (+) 
of the battery, through the battery, out the (—) 
battery terminal, to ground, to ground (GRND) 
of the (—) main brush at fuse. 


Example of a Third-Brush Regulated Generator 
(Bijur) with an ‘Internal’? Cut-Out 


The Bijur third-brush regulated generator of the 
constant-current type, model L-61, used on 1919 
cars, is Shown in Fig. 42. 


Note that the cut-out is placed inside of the gen- 
erator. There are four field poles and field windings. 


Shunt-field circuit: From the third brush, through 
the four field windings, through the fuse, to ground, 
to ground (G) of the (—) main brush (B1), thus 
completing the shunt-field circuit. 


Cut-out voltage circuit: From the (-+) main 
brush (B2), through the fine wire voltage winding 
(V), to ground (G), to ground (G) of the (—) main 
brush (B1), 


1 See page 349 for description of the Bijur “voltage-regulated”’ 


generator where a plain shunt-wound generator without a 
third brush is used. 
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Fig. 42. Bijur third-brush regulated generator with cut-out 
internal of the generator. 


Charging circuit: From the (+) main brush (B2), 
to the cut-out series coil (S), to blade (A), through 
cut-out closed points (S), to the generator terminal, 
to (+) of the battery, to the battery (—) ground 
(G), to ground (G) of the (—) main brush. 


Remarks on the Bijur Third-Brush Regulated 
Constant-Current Generator (Figs. 41, 42) 


The wiring: A single wire, grounded-return sys- 
tem is shown in Figs. 41 and 42. With the constant- 
current third-brush regulation, the generated cur- 
rent is independent of the voltage of the battery or 
the amount of lamp load connected, but depends 
upon the speed at which the machine is driven and 


.the position of the regulating third brush with 


respect to the two main brushes. The cut-out 
(V) closes when the generator reaches 6.5 volts, or 
a generator speed of 500 or 600 r.p.m.. With increas- 
ing speed the current increases to maximum value, 
at speeds about 1,000 to 1,600 r.p.m.; at higher 
speeds the current gradually decreases. 


Adjustment: Moving the brush (by loosening 
the nuts) in the direction of rotation of the armature 
increases the generator output; in the opposite 
direction, it decreases. At 1,400 to 1,600 r.p.m. of 
the generator (20 to 25 miles, car speed) the amper- 
age should be not less than 12 nor more than 15. 
Approximately a shift of the third brush 1/16” will 
change the output 2 to 3 amperes. If adjusted on 
the car, remove generator cables and tape ends, 
then replace, after adjusting, and run the generator 
and test. Two or three trials may be necessary. 
Best results are obtained after running the car when 
the generator is hot and connected to the battery 
with 1,250 specific gravity (s.g.). 


Fuse: A 6 to 12-ampere fuse is placed in the field 
to protect the coils from burning out. 


It is not feasible to supply current for lights from 
a constant current generator without a battery being 
connected in circuit. For instance, if lamps require . 
7 amperes and the generator at speed delivers 15 
amperes, the generator voltage would rise until the 
additional 8 amperes not required by the lamps will 


be forced through the lamp circuit and burn them 
out, 


Circuit of Bijur Cut-Out and Generator 
(Fig. 41) 

The path of the circuit from the generator through 
the cut-out is through the “shunt-winding” on the 
cut-out. When core (G) is sufficiently magnetized 
by the increased speed of the generator and current 
through this voltage shunt-winding (V), then the 
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cut-out points close at (S). The charging current 
will then pass from the generator through the cut- 
out armature (A), through closed points (S), 
through cut-out “‘series coil” (S), to the main termi- 
nal on the cut-out to the battery, through the 
ground connection of the battery to ground connec- 
tion in the generator through fields and brushes. 


Cut-Out Adjustment (Fig. 41) 


The generator should be connected up with a 
fully charged battery when testing. 


Testing cut-out on generator (Fig. 41): The cor- 
rect voltage at which the cut-out should close is 7.5 
to 8 volts. It is not necessary to consider the speed. 
This can be tested by placing the leads of a volt- 
meter across the two main brushes of the generator 
and by noting the voltage at the instant that the 
generator automatically connects itself to the load, 
or to the battery connected. 


The voltage at which the contacts (S) close is 
dependent upon the tension exerted by the spring 
(N), attached to the cut-out armature (A). Bend- 
ing the bridge (K) up or down decreases or increases 
the tension, thus decreasing or increasing the voltage 
at which it closes. 


Adjusting Generator (Fig. 41) 


Adjusting current output: When driven at a 
speed of 1,400 to 1,800 r.p.m., the generator should 
show not less than 12 nor more than 15 amperes 
when cold, or 9 to 12 amperes when hot, and its 
output should be adjusted accordingly. Place a 
‘test’? ammeter! between the generator terminal 
and the cable leading to it. It is not necessary to 
remove the generator from the car for adjusting. 
If the current delivered by the generator is less 
than 12 or more than 15 amperes, then adjust. 


The regulating third brush can be adjusted by 
loosening the nut (L), and then turning the shaft 
(P) with a screwdriver. The third brush can then 
be moved. Lock the nut (L) securely after adjust- 
ing. 

Moving the third brush in a direction opposite 
to the rotation of the generator armature decreases 
the current output; and moving it in the same direc- 
tion as that of the armature rotation increases the 
output. 


Adjusting the third brush should be made when 
the generator is hot and connected to the battery 
through the cut-out. The battery should be fully 
charged and have a specific gravity of 1.250 or more. 
Be sure that the battery connections are tight. 


When a generator is adjusted on the bench, the 
cut-out, battery, etc., should be connected as if on 
the car. Owing to a line drop in the car wiring, 
which is to allow for normal operating conditions 
when current must pass through the longer length 
of the car wiring, the output should be set for 12 
amperes at a voltage of 8.2, measured across the 
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two main brushes when the generator is driven at 
speeds of from 1,400 to 1,800 r.p.m. 


Adjusting Bijur Cut-Out and Generator 
(Fig. 42) 

Testing cut-out: The cut-out on model L-61 
third-brush generator is inside of the generator. A 
voltmeter should be placed across the two main 
brushes (Fig. 42). 


The cut-out armature (A) should close at points 
(S) when the generator voltage reaches 6.5 to 7 
volts; if the voltage is above or below this, the cut- 
out can be adjusted by inserting a small fiber-handle 
socket-wrench in the adjusting hole. Turn the 
cut-out tension spring adjusting nut until points (S) 
of the cut-out close at the correct time. This 
adjustment is on the outside of the generator, as 
the cut-out in this instance is on the inside of 
the generator. 


To adjust’ the current output of model L-61 
generator (Fig. 42), which is a third-brush regulated 
constant-current type generator, with cut-out 
placed inside the generator, place the test ammeter 
between the generator terminal with the cable 
removed. Connect the generator with a fully 
charged battery (1.250 specific gravity), or more, 
then drive the generator at 1,400 to 1,600 r.p.m.; 
it should show not less than 12 nor more than 15 
amperes when cold, or 9 to 12 amperes when hot, 
and should be adjusted accordingly. 


If the current delivered is less than 12 amperes, 
increase the output by moving the third brush in 
the direction of rotation of the armature until the 
required amperage shows on the meter. If more 
than 15 amperes, then move the third brush in 
the opposite direction until the proper amperage 
shows. 


it is not necessary to remove the generator from 
the car for adjusting the third brush. It can be 
moved by inserting a special-toothed adjusting 
wrench in the adjustment hole, and engaging the 
ratchet. The entire regulating brush assembly 
can then be shifted in the direction required. To 
get the best results, set when the generator is hot, 
and be sure that a fully charged battery (1.250 
specific gravity or more) is used. 

When adjusted on the bench, the generator should 
be connected toa fully charged battery, and in order 
to allow for the line drop in the car wiring, the out- 
put should be adjusted for 14 amperes at a voltage 
of 7.4 measured across the two main brushes, when 
driven at a speed of 1,400 to 1,600 r.p.m. 


This type of generator does not employ an external 
regulator and would be termed a “constant current” 
or “inherent”? regulated generator; a cut-out, how- 
ever, is used. 

A point worth mentioning here is the importance 
of having a battery in the circuit at all times and 
having good connections at all points. 


REMARKS ON THE POLARITY OF A SHUNT-WOUND GENERATOR RELATIVE TO 
CONNECTION TO BATTERY 


Connection of battery to generator: The proper 
method of connecting a generator to a battery is to 
connect the (+) terminal of the generator to the 
(+) terminal of the battery. If the generator ( +) 
brush is grounded, then the battery (+) terminal 


1If a dash ammeter on the car is used to make this check, it 
is probably connected so that the ignition circuit of 1 to 3 
amperes will be taken through the ammeter. Therefore the 
current reading will then range from 6 to 9 amperes. The 
best plan is to use a separate test instrument. 


should be grounded. If the generator (—) brush 
is grounded, then the (—) terminal of the battery 
should be grounded. 


If a shunt-wound generator is wrongly connected 
to the battery, that is, the (—) terminal of the 
generator to the (+) terminal of the battery, the 
vibrator points on the cut-out will open and close or 
vibrate at first until the polarity of the core changes. 
It will then close and charge in the proper direction, 
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or with the polarity of the battery, if the generator 
is running at sufficient speed. The polarity of the 
generator fields will change to the polarity of the 
battery, because if the battery is charged, it will 
send sufficient current through the fields to over- 
come the field current from the generator. The 
disadvantage will be that the ammeter will read in 
the wrong direction. 

The following explanation will probably make the statement 
clearer. When the cut-out contact points are drawn closed, 
with the generator and battery connected in the reverse polar- 
ity, for normal operation, the battery voltage and generator 
voltage are of such a polarity that they are connected in series 
with a short circuit across the sum of these two voltages. This 


causes a short-circuiting current to flow from the battery 
through the generator and generator fields, and through the 
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series winding to the cut-out, in such a direction as to open, the 
cut-out contacts and to reverse the polarity of the fields and 
generator. As soon as the cut-out contacts have opened, the 
current just described permits the generator to build up in 
the correct polarity. The contacts are then closed, and the 
generator is then properly connected to the battery. 


If the battery is discharged, the battery cannot 
overcome the polarity of the generator fields, and 
the cut-out points will close, but the battery will 
be charged in the wrong direction. Some of the 
old-style cut-outs with permanent magnet cores 
will not change polarity, and the battery must be 
connected properly. It is best to connect the (+) 
terminal of the generator with the (+) terminal of 
battery. 


DISCONNECTING BATTERY FROM GENERATOR 


The question what to do when disconnecting 
the battery from the electric system of a car depends 
upon the kind of system involved. There are many 
different systems, and what would bé satisfactory 
on one may be injurious on another. 


It is not possible to operate lamps from a “con- 
stant current” generator when the battery is dis- 
connected, unless the lamps so connected consume 
the entire current output of the generator; other- 
wise the lamps would burn out. 


The answers appended to the following questions 
are those furnished by the Remy, Delco, Bijur, 
Westinghouse, and Ward-Leonard Electric Compa- 
nies: 


Question 1: What method should be adopted if 
a battery is disconnected from an electric system 
using a shunt-wound generator with “third-brush 
regulation’’? 


Answer (Remy): The generator should be short-circuited 
with a piece of heavy copper wire. 


Answer (Delco): Probably the most effective and the surest 
method would be to lift all the brushes on the generator. This 
will eliminate any possibility of damaging the generator wind- 
ings, and will hold good in all cases, regardless of the generator 
connections or methods of regulation. 


Answer (Bijur): When a Bijur third-brush regulated genera- 
tor is operated without battery, the field fuse should first be 
removed. If this is not done, the fuse will blow as soon as the 
field current builds up. This automatically opens the field 
circuit, but a new fuse must be put in place before the genera- 
tor will again charge the battery. 


Answer (Westinghouse): Remove the field fuse. If the 
generator 1s not equipped with a field fuse, then remove the 
field or third brush, which is smaller than the armature brushes. 


_ Answer (Ward-Leonard): If either the cut-out or battery 
is disconnected, the field fuse should be removed, or the gener- 
ator short-circuited by grounding the insulated terminal. If 
these generators are run on open circuit, the voltage will build 
up to probably five or six times its normal value, which in a 
short time would result in a burned-out field. 


_ Question 2: What method should be adopted 
if a plain shunt-wound generator is equipped with 
an external electromagnetic “voltage regulator’? 


Answer (Remy): A generator equipped with a voltage 
regulation can be operated without a storage battery in the 
circuit, since the regulation is independent of the charging 
current. 


Answer (Bijur): When a Bijur generator is fitted with an 
external voltage regulator and is to be operated without a 
battery, the regulator should be removed. This opens the 
field circuit. The generators in question are plain shunt- 
wound generators. 


Answer (Westinghouse): Machines of this type are usually 
equipped with a field and armature terminal on the exterior of 
the generator. In this case, it is necessary to disconnect the 
field lead and tape it up. This opens the field circuit and the 
machine can be operated without danger of burning up. 


Answer (Ward-Leonard): The answer to No. 1 can be applied 
to this question also, with the exception of the regulator. Asa 
rule, when a vibrating type of regulator is disconnected, it 
automatically opens the shunt-field circuit, and gives the neces- 
sary protection to the generator. 


Question 3: What method should be adopted if 
a plain shunt-wound generator is equipped with an 
external electromagnetic ‘current’ regulator’ ? 


Answer (Remy): A generator having its output controlled 
by a yibrating-current regulator should have its field circuit 
open whenever it is operated with the battery disconnected. 
Removing the fuse on our relay regulators will protect the 
generator. 


Answer (Bijur): The same action is advised in the case of 
generators having external vibrating current regulators. The 
external construction of these is the same as that of generators 
fitted with voltage regulation. 


Answer (Westinghouse): In this case, it would be advisable 
to remove one brush if the machine is equipped with two 
brushes, and if equipped with four brushes remove the two 
brushes opposite each other. This method is always safe. 


Question 4: What method should be adopted if 
the generator is a compound-wound, constant-cur- 
rent machine? 


Answer (Remy): The only generators which we manufac- 
tured with compound windings are our models ‘‘M”’ and “J.” 
On this type of machine the shunt circuit should be opened 
when the generator is operated with the battery disconnected. 
This is accomplished either by removing the fuse, or by dis- 
connecting the lead which is connected to the brush holder. 


Answer (Westinghouse): This should be taken care of in the 
Same manner as described in the answer to question No. 3. 
We suggest that you advise your readers that, regardless of 
what type of generator a car is equipped with, when in doubt 
as to what to do, they should remove the brushes in order to 
protect the generator when the battery isremoved. Of course, 
this is not always convenient, but it is a sure method. 


Answer (Ward-Leonard): The “bucking field,” or ‘shunt- 
series wound”’ generator, should be handled in the same manner 
as the third-brush regulated generator referred to in No. 1. 


Question 5: If the battery is disconnected how 
could ignition be obtained? 


_ Answer (Ward-Leonard): The simplest way to obtain igni- 
tion under the three conditions mentioned, would be to connect 


. four or five dry cells in place of the storage battery, leaving 


the generator disconnected. The current for the side and tail 
lights can be obtained temporarily in this same manner, or, if 
necessary, by putting two or three sets of dry cells in parallel, 
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MOTOR-GENERATORS: North-East (with Ignition System); 
Simms-Huff; U.S.L. 


MOTOR-GENERATORS 


Motor-generators are of two general types: 


First: Those with one set of field poles on which 
there are two, or compound windings: a “shunt 
winding” and a “series winding.” 


It is not necessary that the “series winding’ be 
placed on all four poles. Jn fact, on many four-pole 
motor-generators, all four poles have “shunt wind- 
ings” on them which fact determines the polarity 
of the poles, because there are more turns of wire 
in the shunt winding, and only two of the poles 
have ‘‘series’”’ windings. 


One armature with one winding and one commu- 
tator, with compound windings on the four field 
. poles is the principle of the North East four-pole 
motor-generator as used on the Dodge. The 
Simms-Huff, formerly used on the Maxwell, was a 
six-pole motor-generator with one winding on the 
armature and one commutator. There are shunt 
windings on all six field poles, but series windings 
on only three poles. 


The two field windings oppose each other when 
operating as a generator; thus the result is a 
“differential” action, as explained on page 354. 


A third-brush regulation is used on the North 
East system, and also on some of the Simms-Huff; 
on early model Simms-Huff six-pole motor-gener- 
ators, the regulation was by means of an electro- 
magnetic resistance method. 


The two field windings assist each other when 
used as a starting motor, and thus the result is a 
“cumulative” action. 


Second: the Delco motor-generator is similar in 
' principle, except that many of these motor-gener- 
ators have two windings on the armature (see 
“Buick armature windings,’ page 343) with two 
commutators. (See also Index for Delco generator 
instructions.) 


A motor-generator of an early type, where there 
were two sets of field poles and two armatures, but 
mounted together in one unit, is shown in Fig. 1. 
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Fig. 1. An early type of motor-generator consisting of a 
generator below and a motor above, using two separate arma- 
tures and two separate fields, and termed a ‘‘double decker,’’ 
since the motor armature is superimposed over the generator 
armature. 

The two armatures are connected together with a system of 
gearing and an over-running clutch (R) (similar to clutch 
explained on page 324). The motor armature and the gearing 
are in operation only when the starting switch is pressed. 

The generator armature is the only moving part under run- 
ning conditions, as the over-running clutch of the roller type is 
provided to disengage the motor armature and reduction gears, 
which remain idle and inoperative when the engine is started 
and running under its own power. The generator armature 
revolves in the lower field. The motor and generator are 
entirely separate—armature is of the drum type. A regulator 
and automatic cut-out of the usual type are provided. 


A modern type of motor-generator is where only 
one armature and one set of field poles are used for 
both the motor and generator, such as the North 
East and Delco. 


As an example of the construction of a modern 
motor-generator and of its principle and its relation 
to the other parts of the electric system, the North 
East model “G’’ motor-generator will be discussed. 


THE NORTH EAST ELECTRIC SYSTEM AS USED ON THE DODGE. A TYPICAL EXAMPLE 
OF A MOTOR-GENERATOR (TWELVE-VOLT SYSTEM) 


In order to explain just how the same windings 
serve for both a motor and a generator, simplified 
illustrations are shown in Figs. 2 and 3 (page 368), 
which represent the North Hast model ‘G” system 
as used on the Dodge Bros. car. 


Both actions do not take place at the same time. 
That is to say, if used as a motor, the generator 
action is not in operation; if used as a generator, 
the motor action is not in operation. Both wind- 
ings on the field poles, however, are used for both 
the generator and motor action. 


Note that there are four poles, each with a “‘shunt- 
field” winding and a “‘series-field’”” winding. Note 
also the cut-out which is used with the generator 
action. The generator is a third-brush regulated 
generator. The startirig switch is used with the 
motor action. 


Parts of the North East Electric System 
on the Dodge! 


The principal parts of this system are enumerated 
as follows: (1) motor-generator (12 volt); (2) battery, 
6 cells (12 volt); (8) ignition system (12 volt); 
(4) wiring system (single-wire grounded return). 

The motor-generator (model ‘‘G”)is a “single- 
unit’? machine and operates either as a starting 
motor or as a generator, depending upon whether 
the current is supplied to it from the battery, in 
which case it acts as a starting motor, or whether 
it is driven by the engine, at which time it generates 
current and charges the battery. 


The same field windings, armature, commutator, 
and brushes serve both for starting and for generat- 


1 By courtesy and permission of the North East Electric Co., 
Rochester, N.Y. 
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Fig. 2. Path of current from battery when used as a starting 
motor to crank the engine. Note that the current flow around 
the field poles of both the series and shunt-field windings is in 
the same direction, and thus is “cumulative” in action, which 
strengthens the polarity of the field poles. 


ing purposes. In its general construction it differs 
very little from the ordinary compound-wound 
generator, except for the third-brush regulating 
feature and certain mechanical details. 


GENERATOR: 


Fig. 4. The motor-generator is driven by a silent chain 
from the crank shaft of the engine, 


The motor-generator is mounted on the front left 
side of the engine and is driven from the crank 
shaft by means of a silent chain (Fig. 4). The driv- 
ing ratio is three revolutions of the armature to one 
of the engine crank shaft. 


Starting Motor Action 


When running as a starting motor (see Figs. 2 
and 5), the electric current from the battery flows 
from (++) of the battery to the switch terminals (1 
and 2) on the cut-out. The starting switch con- 
nects these two terminals, thus closing the circuit 
around the cut-out, direct from the battery to the 
motor-generator, through the (+) terminal of the 
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Fig. 3. Path of current from generator, when generator is 
charging battery. Note that the current flow around the field 
poles of both the series and shunt-field windings is in the oppo- 
site direction. Thus it is “differential” in action, which tends 
to peace the field strength at high speeds (explained in the 
text). ‘ 


motor-generator, through half of the series field 
winding to the (+) main brush, through the arma- 
ture coils out of the (—) main brush, through the 
other half of the series field winding, to the grounded 
terminal (—), back to the grounded terminal of 
battery (—). 


The current from the (+-) terminal also flows 
through the armature out the third brush around 
the field poles to the fuse, thence from the grounded 
end of the fuse through the motor-generator frame, 
through the (—) grounded terminal, to the (—) 
grounded battery terminal (G2). 


It will be noted (in Fig. 2) that the current flow 
around the “series-winding” and the “‘shunt-wind- 
ing” is in the same direction, therefore the two 
windings assist each other in producing a strong 
magnetic field. The “series coil” provides the 
bulk of the magnetic field under starting conditions, 
and the “shunt-field coils” serve simply to assist 
in raising the magnetic field to its maximum 
strength. In other words, the greater part of the 
current flows through the “‘series-windings” when 
used as a motor. 


Where the two windings assist each other by 
being wound so that the current flows through the 
two windings in the same direction, it is called 9 
“cumulative-compound field winding.” 


Generator Action 


When driven as a generator, the operation is 
practically that of a constant-current generator 
(see Figs. 3 and 5), The magnetic field resulting 
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from the current flowing around: the windings on 
the field poles is produced by the current generated 
in the armature coils flowing through the ‘‘shunt- 
field” windings. ‘The generated current from the 
armature also flows through the “‘series-field’’ wind- 
ings, but in an opposite or reverse direction from 
that in which it flows through the ‘‘shunt-field 
windings.” Thus the “series-winding” opposes the 
“shunt-field winding” instead of assisting Jt in 
building up the magnetic field, and this winding is 
termed a compound winding with a “‘differential’’ 
action, or a so-called “bucking” effect. 


This bucking effect of the “series field” aids the 
“third brush” in preventing the output of the 
machine from rising above a definite output. The 
third brush could do this unassisted, but it is neces- 
sary that the series winding should be on the genera- 
tor for starting purposes; its effect is utilized in 
conjunction with the third brush, which is desirable. 


The path of the current (Fig. 5) through the 
shunt-field winding is as follows: When the genera- 
tor is started, the current from the armature flows 
from the third brush (+), through the shunt-field 
windings in the direction shown by the arrow 
marks, through the fuse, through the frame of the 
motor-generator, through two of the series field 
coils, through (—) main brush back to the armature. 
This causes the magnetic field to start building up. 


The cut-out voltage winding circuit is from the 
(++) main brush, through the series windings around 
two poles (note that it is in the direction opposite 
to the flow of current through the shunt field) out 
the (-+-) main brush to connection (1) on cut-out, 
through the cut-out shunt or voltage winding (V), 
to terminal (4), to ground (G3), to ground strap 
on the generator (G1), through two series field coils, 
to the (—) main brush, through to the armature 
(+) main brush, thus completing the cut-out volt- 
age winding circuit. 


This circuit through the fine wire voltage wind- 
ing (V) on the core of the cut-out is to magnetize 
the core so that it will pull the cut-out armature 
(A) to the core and close the cut-out points (P), in 
order that the generator charging current can pass 
to the battery. 


It is not desirable to have the points (P) close 
until the generator has built up sufficient voltage to 
overcome the voltage of the battery, otherwise the 
rush of current from the battery through the field 
windings would oppose its action of building up in 
the right direction. 


Charging circuit:! At about 1,000 r.p.m. of the 
generator (which corresponds to 9 to 10 miles per 
hour ear speed) the generator has built up to 14.5 
volts at which voltage the cut-out shunt, or voltage 
winding (V) has sufficient voltage through its 
winding to magnetize the core so that it will have 
magnetic strength to pull the cut-out armature (A) 
down against the tension of the spring and thus close 
the cut-out points (P). The voltage of the battery 
being 12 volts and of the generator 14.5, the genera- 
tor therefore has a slightly greater voltage than 
the battery. Thus the battery is charged by the 
generator, and the path of the charging circuit is 
then from the (++) main brush of the generator, to 
terminal (1) of the cut-out, through series winding 


1 The current for headlights, horn, and ignition flows through 
the ammeter only when the generator is not charging, that is 
when the current flows direct from the battery. At all other 
times it does not flow through the ammeter. The return path 
for all the circuit is by way of ground to the battery. 
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(S) on the cut-out, through the frame of the cut- 
out armature blade (A), through points (P), to 
cut-out terminal (3), through the ammeter to eut- 
out terminal (2), to the battery (+) terminal, 
through the battery, to the (—) grounded battery 
terminal (G2), to the (—) ground strap on the 
generator, through two ser'es coils, to the (—) 
main brush. Note that the current flow in the 
series-field windings is in the opposite direction to 
the flow of current in the shunt-field windings. 


From 1,000 r.p.m. of the generato~, to 1,700 or 
1,800 r.p.m. (15 or 16 miles per hour car speed) 
the charging rate rises rapidly (see page 374). The 
maximum charging rate of 7 amperes is reached at 
from 1,700 to 1,800 r.p.m., and remains unchanged 
with further increase of speed up to approximately 
2,100 r.p.m., at which point it begins to decrease. 
The decline in output continues from this point on, 
becoming more and more gradual as the upper 
limit of the speed range of the engine is reached. 
At 5,500 r.p.m. (50 m.p.h.) the charging rate usually 
drops as low as 4 amperes; and at still higher speeds 
it declines even more. 


When the speed of the generator drops to less 
than 1,000 r.p.m., then the voltage will also drop, 
and the cut-out points (P) will open and thus pre- 
vent the battery from sending a reverse current 
back through the motor-generator, 


It is necessary, however, to have the battery dis- 
charge back through the cut-out series winding in 
order that the points open. This is explained as 
follows: When the voltage coil (V) has gained suffi- 
cient strength to pull the cut-out armature (A) 
down, the current flows through the series Winding 
(S) around the same core, and as it flows in the same 
direction as the cut-out shunt winding (V), each 
combines to hold the points tightly together. 
Although soft iron is supposed to lose its magnetism 
when current is stopped from flowing around the 
winding, it is slow in demagnetizing and has a 
tendency to retain some of its magnetism even 
though the current flow should stop altogether. In 
this instance however, the current flow has not 
stopped altogether, and although only a small 
amount of current is flowing through the cut-out 
shunt fine wire winding (V) when the generator 
is below 1,000 r.p.m., it has a tendency to hold on 
until the last. The action of opening and closing 
of points (P) must be quick, and in order to cause 
it to open quickly at the correct time, the battery 
discharges back through this series cut-out winding 
(S) in a reverse direction, which reverses the polarity 
of the core and demagnetizes it. Instantly the cut- 
out armature (A) is released and the points (P) are 
opened, because the strength of the battery current 
is greater than the current then flowing from the 
generator through the fine wire winding (V) of the 
cut-out in an opposite direction. (This is the prin- 
ciple of all reverse-current cut-outs. ) 


This discharge back from the battery, however 
must not be over 1 ampere in this example, and the 
cut-out is set originally by adjusting the spring 

C _ If it should permit a greater discharge 
this spring tension can be adjusted to correspond to 


__ Thus the reverse current cut-out keeps the charg- 
Ing circuit closed between the generator and battery 
only when the generator is capable of charging the 
battery. and under all other conditions it auto- 
matically opens the circuit to prevent the battery 
from discharging back through the motor-generator. 
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North East Ignition System (Model *°O”’) as 
Used on the Dodge Car! 


_ An internal diagram of the North East model “O” 
ignition system, as used on the Dodge, is shown in 
Fig. 5. The primary circuit is from the battery 
when the generator is running slow or not running 
at all, or from the generator when it is running at 
sufficient speed to generate a voltage higher than 
the battery. Note that the generator is at 12 volts, 
and so also is the battery; therefore the ignition is 
a 12-volt grounded system. 


The primary ignition circuit is from the (+) side 
of the ignition and lighting switch (IG), to the 
primary terminal on top of the coil, through the 
primary winding, to the movable contact arm on 
the interrupter, or breaker-box, through the points, 
out through the stationary contact to ground, thence 
to ground of battery (G2), or generator (G1), thus 
completing the primary circuit. 


The secondary ignition circuit is from secondary 
terminal on the side of the coil, to the center termi- 
nal of the distributor, to the spark plugs through 
the revolving “rotor,” through the spark-plug 
electrode, through the gap to the engine, through 
ground of the engine, to ground of the coil, to the 
grounded secondary terminal. 


Note that a safety gap is shunted across the secondary cir- 
cuit, so that if a spark-plug terminal comes loose, the spark 
will jump from the secondary terminal at the side of the coil to 
ground; thus it is shunted. This gap is slightly wider than 
the spark-plug gap, and thus the secondary circuit will always 
go to the spark plugs without jumping, unless the spark-plug 
gap is wider than the safety gap. The spark-plug gap should 
be set to .030’. : 


The North East model “O” ignition unit (Fig. 6) 
consists of a shaft with a coupling yoke for driving 
the distributor and interrupter. The coupling 
yoke is connected with the pump shaft. The dis- 
tributor shaft is driven at one-half the speed of the 
crank shaft; that is, while the crank shaft completes 
two revolutions the distributor shaft completes one 
revolution. 
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Fig. 6. North East model “O” ignition unit on the Dodge. 
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The distributor is advanced by an “automatic” 
arrangement, and by a “manual” control connected 
with the spark lever on the steering wheel. 


The ignition coil is attached to the unit at the 
left, and the condenser is in the interrupter or 
contact-breaker housing. The interrupter is a 
“closed-circuit” type. By referring to the illus- 
tration, the names of the several parts will be 
found. 


1 By courtesy and permission of the North East Co., Roches- 
ter, N.Y. 


Adjusting the North East (Dedge) Contact 
Breaker 


Always turn off the ignition switch when ad justing 
or testing any part of the ignition. 
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Adjusting the contact-breaker points. 


To adjust breaker-contact points: (1) Turn the 
vertical distributor shaft (Fig. 7) until one of 
the lobes of the breaker cam comes against the fiber 
block or breaker-arm so that it pushes the breaker- 
arm back to the limit of its normal movement. Be 
sure that the contact points are separated the full 
distance. (2) Back off the contact-breaker stud 
lock-nut sufficiently to release the contact stud. 
(3) After loosening, use a thickness gauge between 
the points and adjust to .020’’ when the points are 
fully separated. (4) Tighten the lock-nuts, and 
after the stud has been locked in the new position, 
check the gap once more to make sure that no 
alteration occurred during the locking process. 


If contact points are pitted use an oil stone, as 
explained on page 225. 


If contact points are renewed, replace both the 
stationary contact stud and the breaker-arm 
assembly. After assembling, hold a piece of white 
paper behind the contact points to serve as a light 
background and sight between them and see if they 
meet evenly over their entire surface. If not, 
bend or twist the breaker arm slightly until they 
are brought into correct relationship. 


Timing the Ignition 


If the coupling yoke (Fig. 6) attached to the shaft 
driving the ignition mechanism is disconnected 
from the pump-shaft yoke which drives it, note 
the position of the distributor rotor and the two 
halves of the coupling, and mark it carefully. If 
this is not done at time of removal, it will be neces- 
sary to time the ignition assembly as follows: 


1. Turn off the ignition switch. 


2. Attach the ignition driving-shaft coupling to 
the pump-shaft coupling. 


3. Crank the engine until the position of No. 1 
cylinder has reached dead center of its compression 
stroke and has passed 8 engine degrees beyond it. 

A good way to tell this is to watch the exhaust valve on No. 4 
cylinder. This valve should be just on the point of closing 
when No. 1 piston is approximately 8 engine degrees beyond 
the dead center of its compression stroke. See pages 70, 307 for 
methods of finding the compression stroke. The best plan is 
to remove the cylinder head to expose the pistons. 


4, Shift the breaker-box to full retard position. 
5. Remove the distributor-head or cap, and the 
distributor rotor arm. 


6. With a broad-bladed screwdriver, back off 
the breaker-cam nut one or two turns, so that the 
cam can be turned free of its shaft on which it is set. 


7. Place the rotor-arm temporarily on the dis- 
tributor-shaft and turn it in a clockwise direction 
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until the rotor is in position where it would normally 
make contact with No. 1 distributor terminal. 
The breaker-contacts should then be fully separated. 


8. Turn the cam back carefully a short distance, 
until the cam lobe permits the points to come 
together again; then turn it back to the correct 
position. This action will allow for any slack in 
the gears. Lock the cam lock-nut. 
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Fig. 8. To tell when the contact-breaker points open, use 
a 2 c.p. lamp bulb, as shown. ~ 


9. Place a 14 to 16-volt 2-candle power test 
lamp across the contact-breaker circuit (Fig. 8), 
by placing one clamp (C) of the test light to the 
binding post and the other clamp to the frame of 
the breaker-box, as this is a grounded system. The 
wires from the coil, etc., are not disconnected ; the 
ignition switch, however, is off during this time. 
The purpose of the light is to enable one to tell 
the instant the contact points separate, because 
the opening of the points occurs so rapidly that it 
is difficult otherwise to tell, and this insures correct 
adjustment. 


10. Turn on the ignition switch. Replace the 
distributor rotor again and verify the cam setting 
which has been made, by rocking the distributor 
shaft backward and forward as far as the slack in 
the gears permits. The lamp will light the moment 
the contacts begin to separate, and will go out the 
moment they come together. Note that the lamp 
is in series with the circuit when the contact points 
are opened. 

Note. This is a good timing test for other ignition systems. 

f, however, there are two binding posts or terminals on the 
contact-breaker, then the test-light clamps (C) would be 
attached to each. 

It is very important that the timing be exact, 
because the speed of the engine crank shaft is twice 
as great as the vertical distributor shaft, and inac- 
curacy in setting will produce a doubly magnified 
effect upon the operation of the engine. 


The spark-plug air-gap on the Dodge is 1/32”, 
or about the thickness of a smooth dime. 


Lubrication of Ignition Mechanism 


The automatic advance mechanism (Fig. 6) is 
lubricated by grease in this compartment. The 
original grease should last for several seasons. If 
renewed, it should have not over 3 cubic inches and 
grease to correspond with No. 4 Keystone grease. 


The horizontal shaft is supplied with grease from 
the automatic compartment and also from the grease 
cup shown in Fig. 6. This grease cup should receive 
attention every few thousand miles. 


Cut-Out Adjustments: N. E. Model 8100 Used 
on the Dodge 


The air gap space at the carbon blocks of the cut- 
out (P), when separated (Fig. 5; see also Figs. 9 and 
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9A), must be .030”; the air-gap between the small 
copper button or the under side of the cut-out arma- 
ture and the upper end of the iron core about which 
coils are wound, shouid be approximately .020’’. 


The contact blocks (656, Fig. 9A) should be in 
perfect vertical alignment and the carbon blocks 
should be parallel. If they are not, bend with long- 
nosed pliers. 


Inspect adjustment of the cut-out contact points 
by holding them up to the light, being careful to 
make sure that it is correct. 


After aligning properly, then measure the air-gap. 
If it is not enough, bend the stop away from the 
armature slightly. If there is too much air gap, 
bend down. 


Cut-out closes: The starter-generator should be 
showing 14.5 volts on test when connected with the 
battery through the cut-out. 


The cut-out armature (A, Fig. 5, or 2168, Fig. 9A), 
should close at this voltage If it does not, alter 
the spring tension (2184, Fig. 9A). 


The spring tension can be lessened by spreading 
apart one or two of the spring turns, or by bending 
down the portion of the armature spring plate that 
extends back beyond the iron body of the armature. 


The spring tension can be increased by forcing 
together the separated turns, or by bending up the 
armature blade. Flat-nose pliers are handy for 
these adjustments. 


Cut-out opens: As soon as the cut-out has been 
set to close the charging circuit when the voltage 
is 14.5, then check the adjustment by reducing the 
starter-generator speed to 500 or 600 r.p.m., and 
then raise it again gradually until the cut-out closes. 
In making this test, note the voltage carefully as 
registered on the voltmeter at the instant when the 
cut-out closes, and if found other than 14.5 volts 
when it closes, adjust to that voltage. 


After adjusting for the closing point as just de- 
scribed, then adjust for the opening point as follows: 
Speed the generator up to 1,500 or 1,600r.p.m.; then 
reduce speed gradually until the cut-out contacts 
open. Watch the ammeter? at the moment when the 
cut-out breaks the charging circuit, and note closely 
the amount of discharge current that is required to 
cause the cut-out to open. This discharge back 
through the cut-out reverse-current coil from the 
battery should not exceed 1 ampere. If more than 
1 ampere, investigate the cause. This discharge is 
the reverse current flowing from the battery back to 
the generator in an opposite direction. It thus 
demagnetizes the iron core. 


_ Too high a discharge current is due to: too great 
air-gap at the cut-out armature core at (A) (Fig. 5), 
or cut-out series coil (S) (Fig. 5) is short-circuited. 


North East Cut-Out Winding Tests 


To test for a cut-out ground: Hold one test lead 
(110 or 220-volt lamp and leads) on cover 8107 
(Figs. 9 and 9A) and touch binding post No. 3, and 
then No 4. If the lamp lights, there is a ground. 
(The internal diagram of this cut is shown in Fig. 5.) 


1A voltmeter is connected across the circuit leading to the 
cut-out, say, at the (+) terminal of the generator, or at terminal 
1 of the cut-out and ground. 


* The ammeter is shown in circuit in Fig. 5. 
test. ammeter to see if it indicates correctly. 
in the ‘test ammeter’ instead. 


Check it with e 
If not, connect 
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Fig. 9. 


Top view of cut-out. 


To test for an open circuit in the shunt winding 
(coil V, Fig. 5) of the cut-out: Place one test lead 
on terminal No. 4 and the other on No. 1 (Figs. 9 
and 9A). If the circuit is complete through the 
shunt coil, the lamp will light dimly and the cut- 
out armature will be drawn against the core; if an 
open circuit exists, the lamps will fail to light, and 
the cut-out armature will not respond. 
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Fig. 9A. Side view of cut-out. 


To test for an open circuit in the cut-out (see also 

S, Fig. 5) series coil: Place one test lead on No. 1 

binding post and the other on No. 3, and close the 

contacts (656) by hand. If the normal circuits are 

complete, the 'test lamp will light the moment the 
contacts are closed. 


To test for a short circuit between the cut-out 
shunt (V) and the series (S) coil: Place one test 
lead on No. 1 binding post, and the other on No. 4. 
If the circuits are normal, the test lamp will burn 
dimly; but if a short circuit exists between the coils, 
the lamp will burn with full brilliancy. 


To test for a short circuit between the cut-out 
contact points on the contact bracket and cut-out 
frame: Place one test lead on No. 1 binding post 
and the other against No. 3 binding post, but do 
not close the cut-out contacts. If a short circuit 
exists, the lamps will light, even though the cut-out 
contacts are not closed. 


To ‘Run In” Brushes on North East Motor- 
Generator 


Use only North East brushes, as they are specially 
made and are necessary. Never transpose the third 
brush for a main brush. 


The main brushes composed of copper graphite 
mixture and heavy, are copper-colored and partly 
copper-plated. The third brush, made of graphite 
only, is lighter, and is black and uncoated. 


Brushes should be run-in if new ones are fitted or 
if old ones are resurfaced. 


To “run-in” brushes: Connect the starter-genera- 
tor with a battery of the proper rated voltage (a 
12-volt battery is to be used with a 12-volt machine), 
and allow the machine to run free at a high speed 
for twenty or thirty minutes. The requisite high 
speed can be obtained by temporarily converting 
the machine into a plain series motor. This can be 
done readily by removing the fuse so as to open 
the shunt-field circuit. In the case of the type 3554 
starter-generator, which has no fuse, the shunt-field 
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Fig. 10. 
brushes. 


Motor-generator run as a motor to “run-in” the 


circuit can be opened by disconnecting the pigtail 
from the third brush. 


This applies to other makes also, except that in 
Bee of a 6-volt system a 6-volt battery should be 
used. 


The “running in’ process must be continued 
until the entire surface of all three brushes has 
become sufficiently concave to fit the commutator. 
Fine (No. 00) sandpaper, never emery paper, may 
be used, if desired, to hasten the process; but if 
this is done, care must be exercised to avoid rounding 
the edges of the brushes, or otherwise modifying 
their working surfaces. As soon as the brushes 
have became completely fitted to the commutator, 
the charging rate should be measured carefully, 
and if it is found to be at variance with the standard 
rate given in the table on page 375, it should be 
readjusted to the correct value in accordance with 
the directions given in the preceding section. The 
output variations, due to changes in the battery 
c.e.m.f., must always be borne in mind when the 
charging rate is to be measured or adjusted. 


The commutator should be examined whenever 
new brushes have been found to be necessary, be- 
cause its possibly roughened condition may have 
been responsible for the brush difficulty. If the com- 
mutator should be found to be in a roughened or 
burned state, it should be carefully resurfaced, and, 
if necessary, undercut. See Index under ‘‘Com- 
mutators, undercutting of.” 


Removing and Replacing Chain 
1. Remove housing enclosing the starter-genera- 
tor pinion. 
2. Turn engine over until master link is exposed. 


2 Break the master link and attach both ends of 
the new chain to the old chain. 


4, Crank the engine over until the new chain is 
in place, when the old one may be removed and 
the master link of the new chain may be closed. 
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Another method: (1) Pass a short piece of wire 
through the end of the chain and bend it into the 
form of a staple. 


(2) start the chain on the lower side of the sprocket 
(S) (Fig. 11). Hook the wire (W) through the 
sprocket to keep the chain in mesh and turn the 
engine with the starting crank unit until the end 
of the ‘chain appears at the top of the sprocket. 
Remove the wire from the sprocket, hold the end 
of the chain and continue to turn the engine until 
the chain is in position for applying the master link. 


Chain-driven starting motors and generators 
should have the chain kept lubricated and adjusted, 
but the chain should never be adjusted too tightly. 


Chain Adjustment 


To obtain the proper adjustment for quiet running 
of the chain, proceed as follows: 
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Fig. 12 


Loosen the set screw and lock nut on the edge of 
the front flange of the cylinder block, and back off 
the starter binding nut, just enough to remove the 
pressure from the adjusting ring. Loosen the “Vv” 
blocks and strap to allow the starter-generator to 
move. ‘This will allow the eccentric adjusting ring 
to be turned until the required play in the chain is 
obtained. There should be about one-half inch up- 
and-down movement in the chain, After the proper 
adjustment has been made, -be sure that the set 
screw, lock nut, and binding nut are screwed up 
tightly. See that the chain tension has not been 
disturbed while performing this last operation. 


Carefully adjust “V” blocks up snug between the 
engine and the starter-generator, and then tighten 
the holding strap. After the inspection cover has 
been replaced, the chain should run without per- 
ceptible noise. It is lubricated by its dipping into 
the oil in the bottom of the front gear compartment, 
thus needing no further attention after it has been 
properly adjusted. 


Remoying Armature 


1. Remove the four nuts on the sprocket-end of 
the generator and pull the drive-end housing off 
with the armature. 


2. Undo the pinion sprocket nut and lockwasher 
and pull the pinion off. 


3. The armature can now be removed. 


4. Remove the four screws holding the retainin 
plate after which the ball bearing, see BnBOee 
and cork packing washer can be driven out. The 
front armature bearing is lubricated automatically 
from the chain. 


Adjusting Charging Rate of North East 
Model “G” Motor-Generator 


eae the eae tate: Run the starter- 
generator at a speed to deliver its maximum output 
which is 1,775 and 1,825 r.p.m. eee 
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Fig. 13. Sectional view and name of parts of North East 
model ‘‘G”’ motor-generator. 


The charging rate should never be set lower than 
4 amperes, nor higher than 10 amperes. The adjust- 
ment is made by shifting the third brush (Fig. 15) 
with respect to the main brush and its maximum 
capacity is 12 amperes. Moving the third brush in 
a clockwise direction (Fig. 15 shows the commutator 
end-view) will reduce the charging rate. A counter- 
clockwise movement will increase! the rate. A 
speed of 1,800 r.p.m. of the generator on a Dodge 
represents about 600 r.p.m. of the engine. The 
average setting is for about 8 or 8144 amperes. 


10: AMP. FUSE 
GROUNDs, 


‘ 


STARTER- 
GENERATOR 


RAND SHUNT 
Let 


ete + ee we we een pee ee ~4 


iy 


{y |) 
LUT eth 
= aaah’ 
lel, q 


oe eee 


ae 


BATTERY ‘ ~ She 
Fig. 14. Method of testing. 


A test made on the car can be carried out as 
shown in Fig. 14 Use an ammeter reading to 30 
amperes, and connect as shown, or attach between 
the starter-generator (+) binding post and the lead 
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normally attached to it. If this is done, short-cir- 
cuit the instrument while starting the engine, as a 
heavy starting current would burn it out. 


Connect a voltmeter (reading to 20 volts) 
across the starter-generator binding posts. 


Compare the current and voltage readings ob- 
tained at a constant speed of 1,800 r.p.m. in accord- 
ance with the table below. 


There are certain slight variations in the output 
due to changes in the battery counter-electromotive 
force (c.e.m.f.), which must be taken into considera- 
tion whenever the charging rate is being investi- 
gated. The variations have been tabulated below 
for battery voltage variations from 12 to 16 volts, 
the speed of the generator having been considered 
constant at 1,800 r.p.m. throughout. 

An illustration as to how the charging rate is influenced by 
changes in the battery c.e.m.f. is as follows: Let us assume that 
a 6-cell, 12-volt battery, which has become entirely exhausted, 
is placed on charge by connecting it in the usual manner to a 
model ‘‘G” starter-generator driven at a constant speed of 
1,800 r.p.m. At the beginning, while the battery is in a dis- 
charged condition, it will have a relatively low c.e.m.f., which, 
in this instance, we will assume to be 12 volts. The charging 


rate of a normal starter-generator supplying current at this 
voltage will accordingly be 5.5 amperes. 


Variations in Charging Rate Due to Changes in Battery C. E. M. F. 


Charging Rate Battery C. E. M. F. ’ Starter-generator 
» (Starter-generator 
Terminal E. M. F.) 
AMPERES VOLTS R, P. M 
5.5 12 1800 
6 13 1800 
Normal 6.5 14 1800 
Setting 7 15 1800 
75 16 1800 


*The battery c.e.m.f. (counter-electro-motive force) and the 
starter-generator terminal e.m.f. (electro-motive-force) are 
virtually equivalent under normal operating conditions, and 
may accordingly be considered as identical in ordinary tests. 
The voltage readings should always be taken across the positive 
(+) and the negative (—) generator binding posts. 


If, however, the battery is allowed to remain on charge 7 or 
8 hours, its c.e.m.f. will rise gradually until a final high value 
of 15 or 16 volts is reached. 


This rise in the battery c.e.m.f. will naturally result in a 
corresponding increase in the generator charging rate. Assum- 
ing that the battery c.e.m.f. has now risen to its highest value, 
16 volts, the charging rate, as indicated by the table, will have 
become 7.5 amperes. Atintermediate points, between charged 
and discharged conditions, similar variations in the charging 
rate will occur, in accordance with the value of the particular 
battery c.e.m.f. which exists at the points considered. 


From this it is obvious that both voltage and speed readings, 
as well as current readings, must be taken whenever the charg- 
ing rate of a model ‘‘G” starter-generator under test is to be 
compared with the established standard. Current readings 
alone cannot be depended upon as an accurate indication of the 
charging rate, because of this modifying effect of the battery 


c.e.m.f, 


Do not increase the charging rate above a maxi- 
mum of 10 amperes at a battery c.e.m-f. of 15 volts. 


Do not reduce the rate below a maximum of 4 
amperes at a battery c.e.m.f. of 15 volts. 


To Increase or Decrease Charging Rate 
on Model ‘‘G’’ North East 
Motor-Generator 


To increase the charging rate: Turn the adjusting 
pinion stud (8035, Fig. 15) slowly in a clockwise! 
direction until the ammeter indicates that the 
desired value of the charging rate has been obtained. 


1The starter-generator is here considered as viewed from 
the commutator-end. Turning the pinion in a clockwise 
direction will cause the third brush-plate to move in a counter- 
clockwise direction, and, vice versa, turning the pinion in a 
counter-clockwise direction will cause the plate to move In a 
clockwise direction. i 
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If it is ever impossible to raise the charging rate 
to the desired value in this way, the special measures 
listed below are recommended. 

MAIN BRUSH 
=> COPPER 
COLORED 


038 

MAIN XO 

ae gist 
COLOR BLACK 


Fig. 15, End view of the N.E. motor generator, showing 
the commutator end. The commutator revolves counter- 
clockwise. 


1. Increase the range of adjustment by filing an 
extra notch in the third brush-holder plate, taking 
care not to increase the range to such an extent that 
the third and main brush-holders are allowed to 
come in contact with each other. 


2. Where the extra notch is impracticable or 
inadequate, the original third brush-holder (No. 
8060-A) should be replaced by the later style brush- 
holder (No. 9599). 


3. Should (1) and (2) ever prove inadequate, it is 
advisable to remove the armature and replace it 
by another. If the new armature gives the desired 
results, it may be assumed that some irregularity is 
in the original armature and it should be sent to the 
nearest North East branch for adjustment. 


Do not increase the rate above a maximum value 
of 10 amperes at a battery c.e.m.f. of 15 volts. 


To reduce.the charging rate: Turn the adjusting 
pinion stud (8035) slowly in a counter-clockwise 
direction until the charging rate has been cut down 
as far as desired. 


Do not reduce the rate below a maximum of 4 
amperes at a battery c.e.m.f. of 15 volts. . 


Always bear in mind, when adjusting the charging 
rate, that the output variation due to changing 
battery c.e.m.f. forms an important factor in the 
accurate setting of the rate. By overlooking this 
point an error may be introduced into the setting, 
which can easily be serious enough to bring about 
the development of future battery trouble. 


As soon as the proper brush position has been 
found, lock the third brush-plate by tightening 
the clamp screw. Then note once more the am- 
meter and voltmeter readings, to make certain 
that the adjustment has not been disturbed by 
the locking operation. 


Before considering the work finished, run the 
starter-generator for fifteen or twenty minutes at 
varying speeds to make sure that the new setting 
for the third brushis permanent and accurate, Also 
make a general examination of the machine to see 
that no-other parts have been disturbed while the 
charging rate adjustment was being made. 


In every instance where the charging rate has 
been altered from its normal value for the purpose 
of meeting special service requirements, a close 
watch should be kept on the condition of the battery, 
and any tendency toward undercharge or overcharge 
should be corrected at once by further readjustment 
of the charging rate. Moreover, if cars with 
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specially adjusted starter-generators are transferred 
back again into normal service at any time, the 
charging rate should be changed accordingly to the 
regular setting. If this readjustment is not made, 
possible injury may be caused to the battery. 


North East Instructions for Disconnecting 
Battery from Model ‘‘G’’ Motor-Generator 


If the battery is disconnected without proper pre- 
caution, or if there is an open circuit in the charging 
circuit of the generator and battery, and the genera- 
tor is driven at a speed which will permit the 
generator voltage to rise, it will reach an abnormal 
value which will injure the commutator and the 
brushes, and even the field coils, if allowed to con- 
tinue for any considerable period of time. 


To serve as a protection in such an emergency, 
a “fuse,” designed to ‘“‘blow” as soon as the gener- 
ated voltage reaches an injurious value, is included 
in the shunt-field circuit and is mounted on the out- 
side of the commutator end housing. With a 
“blown” or removed fuse the motor-generator is 
incapable of producing electricity, because of the 
shunt-field circuit being open. Thus the motor- 
generator can be run without injury. 


If the battery should be disconnected and the 
motor-generator is to be operated, remove the fuse. 
If the machine is of the type not equipped with a 
fuse, then connect the positive binding post to the 
negative binding post, by means of a piece of clean 
copper wire, not smaller than No. 18 B. & S. gauge. 


As soon as the battery is replaced, be sure and 
install the fuse again, and the short-circuiting wire 
must be removed. As long as the fuse is left out, 
the generator cannot charge the battery, and if 
the short-circuiting wire is left in place, the genera- 
tor will be completely short-circuited. 


If the charging circuit is broken elsewhere than 
at the battery, the motor-generator will be subjected 
to the same detrimental conditions as described. 
Thus an open circuit in the charging indicator, or 
at the terminals of the motor-generator, or in the 
car wiring, will under ordinary circumstances c:.use 
serious trouble. Likewise, if the reverse-current 
cut-out is prevented from functioning properly by 
an open circuit in “its voltage shunt coil, or in the 
ground, or in the ground wire from that coil to the 
car frame, the effect will be equivalent to a break 
in the charging circuit proper. 


The same results, moreover, in the case of the 
type 3554 machine only, can be produced by an 
open circuit at the ground strap. In all other 
model ‘“G”’ motor-generators, however, an open 
circuit at this point will cause no actual damage, but 
will simply prevent the machine from generating, 
because of the fact that the shunt-field circuit will 
be open as well as the charging circuit. 


The ground strap, which forms not only a section 
of the charging circuit, but also of the starting cir- 
cuit, must always be kept in good electrical contact 
with the motor-generator frame. 


In case it is necessary to operate the equipment 
with the charging indicator (current type) removed 
from the circuit, the wires normally attached to its 
two binding posts should all be connected together 
until the indicator is again placed in circuit. 


Shunt Field Fuse 


The fuse (Fig. 5), located on the outside of the 
commutator-end housing of the starter-generator, 
1s inserted in the shunt-field circuit, and is designed 
ta blow if the battery circuit is opened, thus pro- 
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tecting the system by rendering the starter-generati 
inoperative. 

Therefore, if the machine fails to charge the ba 
tery at any time, inspect the fuse first of all; anc 
in case it is found blown, replace it with a new on 
If the new fuse in turn blows as soon as the machir 
is started up, make a careful search for the cause ¢ 
the trouble before running the generator again. 


Adjustments and Tests of North East 
Model ‘“‘G”’ Starter-Generator 


To test for a ground: Remove the ground-stra 
screw and bend the ground strap away from th 
housing and remove the fuse (see Fig. 5; also Fig 
16). Then, using the ordinary 110-volt test lead 
(see Index for “Test leads” or ‘Test light”), hole 
one lead against the starter-generator field ring an 
touch either the positive (+) or the negative (— 
binding posts with the other. If a ground is present 
the test lamp will light. 


Fig. 16. Testing motor-generator windings for grounds and 
open circuits, test points, and light. 


To localize a ground in the armature: Insert slips 
of paper between all three brushes (MB, 3B) and 
the commutator to insulate the commutator and 
the armature from the rest of the machine. Hold 
one test lead against the armature shaft and touch 
the commutator with the other. If there is a 
ground, the test lamp will light. 


To localize a ground in the brushes or field coils: 
With the brushes insulated from the commutator 
and the fuse removed, hold one test lead against the 
positive (+) binding post and touch the field ring 
with the other. If the test lamp does not light, 
the two-series field coils between the positive (-++) 
binding post and the positive main brush (MB -+-) 
may be considered free from grounds. 


Next, hold one test lead against the negative (—) 
binding post and touch the field ring with the other. 
If the test lamp does not light, it may be assumed 
that the two-series field coils in the negative half 
of the machine (top and right-field poles, Fig. 16) 
are free from grounds. 


Finally, hold one test lead against the third 
brush (3B) and touch the field ring with the other. 
If the test lamp does not light, the shunt-field coils 
may also be considered free from grounds, 


To test for an open circuit in the armature, the 
brushes or the series field coils: Disconnect the 
ground strap and remove the fuse. Hold one test 
lead against the positive (+) binding post, the other 
against the negative (—) binding post. The test 
lamp will light only if the circuit is complete, 


To test for an open circuit in the shunt field coils: 
Leave the ground strap disconnected, but replace 
the fuse, and insulate the third brush (3B) from the 
commutator. Hold one test lead against one of 
the fuse clips and touch the third brush (3B) with 
the other, ‘in open circuit in the shunt-field 
coils will be indicated if the test lamps fail to light. 
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To make sure that the open circuit is not in the 
fuse rather than in the coils, remove the fuse and 
test, it by holding one test lead against each end. 


To test for a short circuit, between the shunt and 
series field coils: Insulate the third brush (3B) 
from the commutator, remove the fuse, and test 
between the third brush (3B) and either binding 


post. A short circuit between these coils will cause 
the test lamp to light. 
TESTING FOR 
A SHORT IN 


SHOULD NOT 
DRAW OVER 
BAMP. ON NO 
LOAD TEST 


BAT TERY = 
GROUND 


Fig. 17. Testing N.E. motor-generator armature for short 
circuits. 


To test for a short circuit in the armature: Con- 
nect an ammeter (20 or 30-ampere range) in the 
starting circuit (Fig. 17), and allow the machine to 
run free as a motor with no load. Note carefully 
the amount of current required to drive the machine 
asamotor. A normal 12-volt starter-generator will 
not draw over 8 amperes from a 12-volt battery when 
tested in this way. Asa matter of fact the current 
drawn by the average machine when tested in this 
way is generally about 5 amperes. An ammeter 
reading of more than 8 amperes should be considered 
as evidence of a short-circuited armature, provided 
the machine is free from mechanical difficulties. 

Note. The ammeter shown connected is the Weston model 


280, used in connection with a 30-ampere shunt, explained 
under ‘‘Ammeters’’ (see Index). 


Directions for Assembling the Sprocket-End 
Housing-Models “‘G,’’? North East Motor- 
Generators 


The construction of the housing, No. 8003, used on 
all model “‘G’”’ machines is shown in Fig. 18. This 
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Fig. 18. Showing how oil is kept from the interior of the 
N.E. motor-generator. 
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shows how the oil is keot from the interior of the 
generator. 


It is ordinarily assembled as follows: 


1. Insert the ball bearing (4181 separable type, or 456 
annular type) in the housing. 


Ba in the crimped spacer (8041) and its retaining washer 


3. Press the cork packing-washer (7339) into position, and 
lubricate its inner surface, where it will come into contact with 
the armature shaft, with a small amount of graphite grease. 

henever a cork washer has been damaged by removing it 
from the housing or is found to have become worn so that it 
no longer fits the shaft tightly, it must always be replaced by 
anew one. A cork packing-washer that is not in practically 
perfect condition cannot be relied upon to prevent the entrance 
of oil into the interior of the machine, and should, therefore, 
never be used. 


Early Model North East Motor-Generators and 
Electric Systems Used on the Dodge 


The North East system described on pages 367, 369 is the 
standard model ‘‘G’’ used on the Dodge since the fall of 1916, 
with slight internal modifications. For ignition, the Dodge 
has used the high-tension magneto and also the Delco ignition 
system, and since March, 1918, the North East model ‘‘O” 
system has been used, as shown in Fig. 5, page 369. 


On the 1915 and early 1916 cars, the model ““D”’ electric sys- 
tem (Figs. 19 and 21) were used. With this system a cut-out 
and regulator were contained in the starter-generator unit 
(this can be determined when there are four terminals on the 
starter-generator; see Fig. 23). 


The model ‘‘G” system (page 369), differs from all previous 
models in that it has a third-brush regulation instead of an 
electromagnetic type regulator, shown in Fig. 23, which formed 
a part of all preceding North Kast models. The cut-out, how- 
ever, is retained, but it is now enclosed in the housing with 
starting switch (pages 368, 369), instead of in the generator 
itself. There is, therefore, only one connection to the starter- 
generator and one grounded terminal. 
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Fig. 19. Single-wire system using an Hisemann magneto for 


ignition. 
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Two-wire system for starting motor, rest of circuit 


Fig. 21. Delos 


grounded. Note the four-terminal motor-generator. 
jgnition.— Continued on page 879. 
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MOTOR GENERATORS 


—Continued from page 377. 


Fig. 22. Early 1916 Dodge-North East electric system with 
magneto ignition. Note the four terminals on the motor- 
generator. 


This system differs from the one in Fig. 19, in that two wires 
are used from the motor-generator to the battery instead of a 
single wire. The internal connections of the model ‘‘D”’ four- 
pole North East motor-generator are shown in Fig. 23. 
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Fig. 23. The four-terminal North East model ‘‘D” motor- 
generator, used on the 1915 and early 1916 Dodge. The dia- 
gram shows the internal circuit of the motor-generator. A 
regulator of the electro-magnetic type with resistance which was 
cut into the shunt-field circuit at high speeds was used for 
regulating the output of the generator instead of a third 
brush. The regulator and cut-out are inside of the motor- 
generator. 


SIMMS-HUFF SIX-POLE MOTOR-GENERATORS 


Simms-Huff Type ‘‘“HM”’’ Motor-Generator 


The Simms-Huff motor-generators are of the six- 
pole type. They are all designed essentially on 
the same principle, but differ in construction, as 
will be explained. 


An example of a six-pole motor-generator com- 
pound-wound, with an electromagnetic shunt-field 
regulation, is shown in Fig. 1 as used on the 1918 
Maxwell with a 12-volt battery, generator, and 
motor. 


Field poles: There are six field poles with “‘shunt”’ 
winding on all. Three of the field poles have 
“series” windings, connected in “‘series-parallel.”’ 


Motor Circuit 


Motor circuit (see arrow points on the outside of 
the wires): From (+) of the battery, to starting 
switch (SC), through switch to (A+) of the motor- 
generator, which is connected with the (++) ring bar, 
to the (+) brushes, through the armature, out the 
(—) brushes to the three series-field coils on poles 
5, 1, and 3, to grounds on field poles (G5), (G1), and 
(G3), to the (—) ground of the battery. 


COMMUTATOR END 
CLOCKWISE ROTATIO 


GEN. CIRCUIT 
STARTS WITH At 


Shunt-field circuit during motor operation is from 
(A+), through wire (W1), through the shunt-field 
fuse, to (C1), through regulator blade (F), through 
closed regulator points, to (R2), through wire (W2), 
to (T), through shunt-field windings 4, 5, 6, 1, 2, 3, 
to ground (G1), to the (—) ground of the battery. 


Note that the current flow from the battery during 
the motor operation is in the same direction around 
the “shunt” and “series” field windings (see arrow 
points on the outside of the wires—not on the wires; 
the arrow points on the wires are the generator 
path). Thus it would be termed ‘cumulative 
action,’ where they assist each other to build up a 
strong magnetic field from N to § poles. 


Switch-lock circuit: Before the starting switch 
was closed to operate as a motor, the lock button was 
pressed, which caused pin (P) to raise so that switch 
rod (R) could be moved. The circuit was then 
from (+) of the battery, through the button, 
through the electro-magnet or solenoid coil (C), to 
(X), through the motor-generator, to (-—) ground 
of the battery. Note that switch circuit (SC) is 
open when this operation takes place, and the pur- 
pose of this switch lock is to prevent the starting 
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Fig. 1. Simms-Huff type “HM” motor-generator, with six field-poles. A 12-volt system with shunt field-resistance regulation. 
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switch from being depressed until the pin (P) is 
raised by the electro-magnet coil (C). 


Generator Circuit 


The shunt-field circuit is from (A+), to (R1), to 
(C1), through regulator points, to (R2), to (T), to 
the other end of the shunt-field winding which is 
grounded on pole 3 at (G1), through ground of the 
series coil at (G3), to (—) brush (3), through the 
armature, to the (A+) ring. 


Cut-out voltage circuit: From (A+), to (R1), to 
(C1), to (C), through voltage winding (V), to 
ground (GR), to the (—) ground of battery. When 
the generator voltage is higher than that of the 
battery, this winding has sufficient voltage to exert 
sufficient magnetic influence to cause the cut-out 
core to draw blade (A) and close cut-out, points (P). 


Charging circuit: From generator (A+), to (R1), 
to (C1), up side of cut-out, to points (P), through 
cut-out. armature blade (A) (supposed now to be 
closed), through cut-out current windings (S), to 
(SC) on the starter switch, to (+) of the battery, 
to (—) ground of the battery, to grounded series 
field coils (G1, G3, G5), to (—) brushes (Giysy Be 


Note that the current flow around the “shunt,’ 
and “series” field is in opposite directions when used 
as a generator (see arrow points on the wires). Thus 
a “differential action” or “bucking” effect, where 
they oppose each other, is produced. The shunt 

field governs the polarity of the poles. 


Shunt-Field Regulation; Electromagnetic 
Principle 


Regulation is by means of an electromagnetic 
principle. Note the regulator points at the bottom 
of the cut-out core. The heavy winding (S) con- 
trols the opening of the regulator points, and is 
therefore a ‘constant current” regulator. Note 
that one set of windings serves for a cut-out and 
regulator. 

At high speeds when the voltage and amperage 
rise rapidly, the maximum amperage is kept from 
rising above 7.5 amperes by the regulator. 


Regulator action at high speeds: When the charg- 
ing current passes through the series winding (S) 
of the cut-out and regulator, the regulator points 
are closed unless the current passing through this 
coil (S) is more than 7.5 amperes (1,700 r.p.m.). 
If so, it exerts sufficient magnetic strength to pull 
regulator blade (F) to the core, thus opening the 
points. 


This action cuts in “resistance” (R) into the 
shunt-field circuit, and the circuit would be from 
(A+), to (R1), through resistance (R), to (R2) 
(because the points of the regulator are now open), 
to (T), to the shunt-field winding, thus cutting 
down the lines-of-force or strength of the shunt 
field, and consequently keeping the current below 
8 amperes. During variations of speeds the regu- 
lator vibrator vibrates rapidly, opening and closing 
the shunt-field circuit. 


Simms-Huff Model ““SMS2”’ Motor-Generator 
—a 12-Volt System 


Simms-Huff six-pole motor-generator, compound 
wound, model “SMS2,” used on the 1919 Maxwell, 
using a “third brush for regulation” instead of an 
external electromagnetic regulator as in Fig. 1, is 
shown in Fig. 2. This is a straight 12-volt system. 
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Fig. 2. Simms-Huff six-pole type ‘““SMS2” motor-generator 
with third-brush regulation (1919 model). A 12-volt system. 


The motor principle is similar to that shown in 
diomele 


The generator principle: The shunt-field circuit 
starts with the third brush and divides at (X), going 
(to the left) through field windings 1, 2, and 3, and 
from (X) (to the right), through field windings 4, 
5, and 6, to shunt (GRND), through the frame to 
the series field grounds (G1), (G5), (G3), to the 
(—) main brushes. 


The charging circuit is from the generator (A+), 
to the cut-out, to the battery, to the (—) battery 
ground, to the (—) ground (Gi), (G5), (G3), through 
the “series field coils” to the (—) brush ring, to the 
(—) brushes. 


Simms-Huff Models “HB,” ‘HK’? Motor- 
Generator—12-Volt Starting Motor, 6-Volt 
Generator 


A Simms-Huff six-pole motor-generator, models 
“HB,” “HK,” compound wound, used on the 1915, 
1916, and 1917 Maxwell is shown in Fig. 3. The 
generator is 6-volt, and the motor is 12-volt. Regu- 
lation is by means of an electromagnetic regulator, 
similar to that shown in Fig. 1, except that instead 
of the generator being 12 volts, it is 6 volts and 
the starting motor is 12 volts, 


Motor circuit: From battery (+12), to (12) on 
switch, to (13), to (13) of battery, connecting (+) 
of cell 12 to (—) of cell 13, making a 12-volt battery; 
from (+10), to switch (10), to (11) (when switch is 
closed), to (A+) of the motor-generator, through 
(+) brushes, through the armature, to (—) brushes, 
to (—) brush ring (B), to field coils, to ground of 
frame, to (—) of battery (19). 


Generator field circuit: From (A+), through 
wire 2, to (2) on the regulator and cut-out, through 
the cut-out frame, through the regulator points to 
(3) to terminal (3) on the motor-generator, through 
the shunt-field windings, to ground, through series 
coil on pole 3, to (—) brush (4). 


Cut-out voltage circuit: 
wire 2, to cut-out (2), through the cut-out frame, to 
voltage winding (V), to ground of the motor-genera- 
tor, through series fields, 
winding causes the cut-out points to close when 


the generator voltage is higher than the battery 
voltage. 
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Fig. 3. Simms-Huff models “HB” and ‘‘HK” motor-generator, It operates as a 12-volt motor and a 6-volt generator. 


Charging circuit: From generator (A+), wire 2, 
to cut-out (2), to the closed points of cut-out, 
through cut-out winding (S), to ammeter (round 
circle at right of cut-out), to (6) on starting switch. 


After the engine is started, and on releasing the 
starting pedal, the starting switch plunger comes all 
the way back and makes connection between (13) 
and (14), and (10) and (6) on the starting switch. 


From (6) on the starting switch the current 
divides, in order to join (10) and (12) (+) on the 
battery in multiple as follows: 


From (6) through the switch terminal (shown 
open—should be closed) to (10) on the switch, to 
(10) on the battery, through the three cells to (13), 
to (13) on the switch, through contact (14) which is 
grounded. This grounds (13) (—). 


Now follow from (6) through the permanent wire 
connection (Z) to (12) on the switch, to (12) (+) 
on the storage battery, through three cells to (19) 
(—) which is grounded. 


We now have batteries 12 (+) and 10 (++) con- 
nected together, and batteries 13 (—) and 19 (—) 
grounded. 


Thus (++) current, coming in at (6) on the start- 
ing switch, divides and passes through (12) to 
(+12), out (—19), to (—) ground of series coils, 
to (—) brushes on the generator. Current also 
passes from (6) to (+10) to (13), out (—13) to 
the (—) ground of series field coils, to (—) brushes 
on the generator. 


In other words, the 12-volt battery is connected 
in multiple as two 6-volt batteries. 


In regulation at high speeds, or where more than 
15 amperes of current is passing in the charging 
circuit (which flows through the winding | (S) of 
the cut-out and regulator) the regulator points are 
drawn to the core, and resistance (R) is inserted into 
the shunt-field circuit. 


The shunt-field circuit would then be from (A+), 
wire 2, to cut-out (2), to and through resistance (R) 
(because the regulator points are open), to (3), to 
(3) terminal of the generator. Thus the magnetic 
strength of the shunt field is weakened by this resist- 
ance (R). The regulator blade vibrates at varying 
speeds, cutting in and out this resistance, thus 
holding the output normal. The generator delivers 
15 amperes at 1,300 r.p.m. 


The method of regulation would be termed ‘“‘con- 
stant current,’”’ by an “electromagnetic action.” 


If the generator does not appear to charge at a high enough 
rate, see if the belt is tight and does not slip, that the regulator 
is adjusted properly, that the commutator is clean, that the 
brushes are clean and not sticking, and that all terminals and 
connections are tight and clean. 


To test as a generator, remove all wires. Connect a wire 
from the field terminal on the side to the main terminal post on 
the front; then connect another wire from the main terminal 
post through an ammeter or test lamp to ground. Run the 
motor-generator at about 1,200 r.p.m. The generator should 
show a charge of about 12 amperes on the ammeter. 


Oil and dirt cause the most trouble, as they will cut down the 
current output, short-circuit the brush holder, etc. Inspect 
and clean the motor-generator occasionally. 


Electric Systems on Maxwell—1915 to 1921 


1915-16-17 Maxwell cars used a Simms-Huff motor-generator 
combined in one unit. As a starting motor it operated at 12 
volts from the 12-volt battery (as in Fig. 3). As a generator, 
it delivered current at 6 volts to the battery in two halves, or 
in parallel. A Simms magneto was used for ignition. 


The 1918 car used the same system, except that the Atwater- 
Kent 6-volt ignition was used instead of a magneto. In 
August, 1918, the system was changed to a straight 12-volt 
battery and 12-volt ignition (Fig. 1). 


The 1919 cars used the system shown in Fig. 2. 


The 1920 cars used an Auto-Lite 6-volt generator, third- 
brush regulation; 6-volt Atwater-Kent ignition, and a separate 
starting motor with a Bendix drive and 6-volt battery. 


The 1921 and part of the 1920 cars use a Simms-Huff type 
“G,.4-pole third-brush regulated generator _and a separate 
6-pole type B starting motor with Atwater-Kent type SCC 
closed-circuit ignition. 
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U.S.L. MOTOR-GENERATOR (EARLY MODEL)—24-VOLT MOTOR AND 12-VOLT 
GENERATOR 


The U.S.L. motor-generator consists of a motor 
and generator combined. The motor-generator 
takes the place of the flywheel. 


Pressure Fingers Commiutator 


Brush Rig 
Fig. 1, 


Armature Field and Starting Switch 


Armature and field-poles. 


The field has two windings: a shunt and a series, When 
the machine operates as a motor the two windings have a 
“cumulative” action. 


When operating as a generator, the two windings oppose 
each other, resulting in a ‘‘differential’”’ action. 


The voltage of the motor is 24 volts and of the generator, 
12 volts. 


J REGULATOR 


Fig. 2. Wiring circuit of the U.S.L. motor-generator,. 


Motor action: When the foot pedal is depressed, the battery 
is connected to the motor which turns over the engine at the 
rate of 200 to 300 r.p.m. The battery is connected in series 
by the starting switch when used as a motor; thus 24 volts 
are used. 


Generator action: As soon as the engine picks up to a speed 
going 8 m.p.h., the motor-generator becomes a shunt-wotnd 
generator and starts to charge the battery, restoring the cur- 
rent used at a 3-ampere rate. The generator charges the bat- 
tery at 12 volts; thus the battery is connected in multiple by 
the starting switch being released, 


Regulation of output: _A carbon-graphite pile regulator is 
used. It is similar in action to an electromagnetic principle of 
regulation. 


Instead of resistance in the form of resistance wire being cut 
into the field circuit at high speeds, a carbon pile resistance is 
used which offers resistance to the flow of current, thus weaken- 
ing the strength of the field circuit at-high speeds. 


The series coil (C) keeps the output constant from 600 to 
1,200 r.p.m. Thus it is termed a “constant-current”’ electro- 
magnetic regulation, 


The electromagnetic principle of regulation is shown in Fig, 

he current for the voltage winding circuit of the coil is 

from (++) brush, through fine wire winding (V), to the series 
winding on the motor-generator, to the (—) brush, 


When sufficient voltage is generated the points (P) close. 
The charging circuit is then from the (+) brush, through the 
regulator series coil (C), to points (P), to the battery connected 
in multiple, and thus charges at 12 volts. 


StI 
tt 


+ 
BATTERY 


Fig. 3. Explaining the regulation method. 

The shunt-field circuit is from the (+) wire above the CE) 
brush at (A), through the graphite pile, to the shunt-field wind- 
ing of the motor-generator, to (B), to the (—) main brush of 
the generator. 


The regulation is maintained by pressure upon the graphite 
disks (I), which are pressed together by lever (K), through the 


pressure of the coil spring (J). 


The less the pressure, the greater the resistance thrown into 


the field winding, for if the disks are not close and tight, resist- 


ance is offered to the flow of current. 


When the generator speed is low, the tension of spring (J) 
is great enough to cause screw (W) to press tightly against the 
graphite disks; thus the resistance is less and the generator 
shunt field builds up. 


When the generator speed is high, the current flowing 
through coil (C) increases the magnetic pull of core (E), thus 
drawing blade (K) to it, thus relieving the pressure of screw (W). 
As the disks are not so tightly pressed together, the resistance 
is greater, thus the field strength is cut down. 


On a later U.S.L. system, the carbon pile was eliminated, as 
also the ‘series parallel switch.” 


No regulator is used, as the windings of the generator are so 
proportioned that the output of the generator cannot exceed 
the current demand of the storage battery and lamps. 


A portion of the multi-polar field of the motor-generator is 
wound with a series coil for starting purposes. The other por- 
tion of the fields is wound with shunt and compensating coils 
for generating and regulating purposes. The brushes are so 
connected that the entire number is used for starting, whereas 
but three are used for generating. 


_ The storage battery is provided in some cases with two and 
In some cases three terminal posts. When two terminals are 
provided, a 14-volt lamp must be used. When three posts are 
provided, 7-volt lamps are used. 


The number of cells of the battery are cut down from 12 to 
6, giving 12 volts instead of 24. 


q This system was formerly used on the early models of Jeffery, 
Sheffield, Simplex, Willys-Knight, 8.G.V., and Mercer, 


INSTRUCTION No. 35 
DELCO ELECTRIC SYSTEMS: 


In order that the reader may understand the 

later Delco systems, it will be necessary to begin 

’ with the 1914 models. Some of the early model 

Delco systems will therefore be shown before taking 
up the later models. 


The motor-generator principle was first used by 
Delco—and is still used, but with a different regu- 


lating principle, and with other changes from the 
early models. 


The Delco also make single-unit systems, where 
the generator and starting motor are separate, as 
will be explained farther on. 


The early 1914 system should be carefully studied in order to 
understand the later systems. 


DELCO 1913-14 MOTOR-GENERATOR; ELECTROMAGNETIC REGULATION; CONSTANT 
VOLTAGE 


The 1914 Delco motor-generator and electric 
system, as used on the 1914 Cadillac and Hudson 
1914, ‘6-54,”” Oakland 48, Olds 55, Packard 1-38, 
3-48, Cole series 9, model cars is explained as 
follows: The motor-generator is located alongside 
of the engine driven by a pump shaft (Fig. 1). 


HAND STARTING 
EVER 


ONE WAY CLUTCH CONNECTS 
‘WITH DRIVE-SHAFT 


STARTING MOTOR 
AND GENERATOR 


Leer that os PUMP SHAFT DRIVES GENERATOR 


DRIVEN BY GEARS FROM 
CRANK- SHAFT 


Fig. 1. The mounting of the 1914 Delco motor-generator 
is similar to that of the later models. 


The armature is used for both the starting motor 
and the generator with two windings; one a “‘series”” 
winding for the motor (Fig. 2), and a “shunt” 
winding for the generator (Fig. 3). 


When the motor is in operation, the current flows 
from the battery to the series-field winding through 
the motor brush (F) and commutator, 


MOTOR BRUSH 15 CLOSED 
BY HAND STARTING LEVER 
WHEN SHIFTING GEAR ROD"A 


‘TO START ENGINE 
GENERATOR NOW CUT-OUT | 


STORAGE BATTERY 


"GENERATOR BRUSHES ALWAYS. 
ON GENERATOR COMMUTATOR — 


Fig. 2. The motor brush is now down and the starting 
motor is working. The generator is cut out. 


1The Delco Service Manual can be secured of A. L. Dyke, 
St. Louis, Mo., price $3, which contains descriptions of all 
Delco systems, tests, and diagrams from 1913. Manuals on 
Remy, Autolite, and other systems can also be furnished. 


The starting switch is eliminated, as the action of 
the motor brushes is lowered to the motor commuta- 
tor, and thus when starting, the lever meshes the 
gears with the flywheel and so takes the place of a 
starting switch. 


The starting motor drives the flywheel gear 
through the gears (C), (D), and (B) (Fig. 4). A 
roller-type clutch is provided on the front part of 
the armature shaft, so that the armature is free 
from the pump shaft which drives the generator. 


When the generator is in operation, the motor 
brush (F) is raised (Fig. 3). The generator brushes 
remain on the commutator at all times. The cur- 
rent then flows through the shunt-field winding. 


MOTOR BRUSH OPEN AND IN 
THIS POSITION CLOSES THE 
~- GENERATOR START CIRCUIT 


START BUTTON 


STORAGE BATTERY 


GENERATOR COMMUTATOR 


. 

Fig. 3. Tostart, the ‘start button’ is pressed. This sends 
current from the battery to the generator (not the motor) 
armature, through the field winding and the armature revolves 
slowly. Note that the motor brush is up and makes contact 
at (G) for the generator. 


The armature is driven by connection with the 
pump shaft by the engine (Fig. 1), after the engine 
is started and after the starting gears are out of mesh, 
A one-way clutch connects the pump shaft with the 
armature shaft to drive the generator. This clutch 
will permit the pump shaft to drive the generator, 
but the generator armature, when running as a 
motor, cannot drive the shaft. 


Starting Operation 


First: Place the ignition switch on the battery 
side, Next: depress starting button on the dash 
(see Fig. 3). This sends current from the storage 
battery to the generator (not the motor), and in 
passing through the generator field shunt winding, 
and the armature winding, the armature slowly 
revolves. Thisis termed “motoring the generator.” 
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The purpose of using the generator as a motor is 
to revolve the armature slowly, so that the gears 
will mesh with the flywheel gears when the starting 
lever throws themin mesh. It must be remembered 
that the brush on the starting motor commutator is 
not in contact, but, being in the position as shown 
in Fig. 3, the generator circuit is closed at (G), but 
not the motor circuit. 


TO SPARK PLUGS Gea 
DISTRIBUTOR-~fiaso weer 


AND TIMER TI 
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NERATOR 


5 MOTOR GE| 
EAR COMMUTATOR COMMUTATOR 


Fig. 4. Phantom view of motor-generator. 


After the generator armature is revolving slowly 
pull back on the starting lever (see Figs. 1 and 4). 


This causes rod (A) (Fig. 4) to be pushed forward, 
causing gear (B) of the,starting clutch to mesh with 
motor pinion (C). 


Immediately after gears (B) and (C) are meshed, 
the gear (D), which is integral with (B), meshes with 
the gear teeth on the flywheel. At the same time, 
the extension of the rod (A) to the bell crank (E) 
allows the motor brush (F) to travel toward the 
motor commutator, opening the generator circuit 
and shunt field at (G), and closing the motor circuit. 


The generator would then be cut out and the 
starting motor is causing the engine to revolve, 
through the flywheel (Fig. 2). 


Generating Current 


When the starting lever is released, the spring 
throws the gears out of mesh, and at the same time 
raises the motor brush (F) from the motor commu- 
tator and closes the generator circuit again at (G),. 
The “start” button having been released in the first 
operation, the generator is now generating current, 
as the engine is running and driving the armature 
as a generator through the pump shaft. 


STORAGE BATTERY 


Po 


LIGHT 
SWITCH 


ANNAN 


“VOLTAGE 
REGULATOR 


LV AAA 
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The starting motor has served its purpose and is 
now cut out of operation, as the brush (F) is away 
from the motor commutator (Fig. 3). 


Regulation of the Generator (Shunt-Field; 
Electromagnetic) 


A mercury type of voltage regulator was used, 
which is an electromagnetic principle of cutting 
resistance into the shunt-field circuit, explained as 
follows: The generator, as stated previously, is 
driven from the pump shaft which is driven by gears 
in front of the engine from the crank shaft. 


After the engine is started, and the hand-starting 
lever disengages the gears out of the flywheel, and 
motor brush (F) is lifted off the motor commutator, 
the motor is cut out and the generator is now in 
action. It must run when the engine runs, as the 
pump shaft is connected with the armature through 
a one-way clutch (Fig. 4), which permits the engine 
to drive the armature. But the armature, when 
revolving as a motor, cannot drive the engine except 
through the gears to the flywheel. This clutch per- 
mits the armature to run ahead of the driving shaft 
during the cranking operation. 


The generator now begins to generate current; 
but until the engine is running at a speed which will 
turn the generator armature fast enough to generate 
a pressure of 6 volts, or the required amount to over- 
come the pressure or voltage of the storage battery, 
the current will pass from generator commutator is 
to 2, around the fine wire voltage winding (V) of 
cut-out core (D) (Fig. 5), thence back to the other 
commutator brush 15. This current will continue 
to travel in this path until it has sufficient pressure, 
which is slightly over 6 volts, to magnetize the core 
(D) so that it will draw the magnet armature of cut- 
out (C) down, closing cut-out points (P) at which 
time the circuit is closed to the battery. The bat- 
tery will then be charged from the generator, or the 
generator will also supply current for light. (At 
ae ar the storage battery supplies current for 
ights. 


If the engine is speeded up, the pressure increases 
and the lights would be burned out. Therefore, 


the “mercury regulator” is brought into action. 


Voltage regulator: As the voltage increases with 
speed, the intensity of the magnetic pull exerted by 
the magnet voltage coil (A) upon plunger (C) causes 
the plunger (C) to move up out of the mercury (see 
Figs. 5 and 6). 


GEN. CIRCUIT 
CLOSED AT“G" 
BY RAISING 
ance BRUSH 


SHUNT FIELD 


Fig. 5. 


Early model Delco motor-generator, 
output. 


where the mercury type of voltage regulator was used to regulate the generator 


DELCO ELECTRIC SYSTEMS 


The regulator voltage coil (A) circuit is from (+) 
brush (1) to (2), through (A) to (—) brush(15). 


The current to the shunt field of the generator 
starts at the (+) brush of the generator, through 
the two field windings, to (T) on the regulator, and 
must follow a path leading into the outer well of 
mercury, through the resistance, coil (R) wound on 
the plunger tube, to the needle (D) carried at the 
center of the plunger, into the center well of mer- 
cury and out of the regulator, back to the (—) 
brush (15). 


It will be seen that as the plunger is withdrawn 
from the mercury, more resistance is thrown into 
this field circuit, owing to the fact that the current 
must pass through a greater length of resistance 
wire. This greater resistance in the field of the 
generator causes the amount of current flowing to 
the battery to be gradually reduced as the battery 
nears a state of complete charge, until finally the 
plunger is almost completely withdrawn from the 
mercury, throwing the entire length of resistance 
coil into the shunt-field circuit, thus causing a con- 
dition of practical electric balance between the bat- 
tery and generator, and obviating any possibility 
of over-charging the battery. As the speed de- 
creases, the magnetic pull of the core (A) of the 
regulator voltage coil is weaker and plunger (C) 
assumes a lower position. 


Note that there are two voltage windings: one 
(V), on the cut-out core to close the cut-out points, 
and one (A), on the regulator to operate the needle 
which cuts in and out the resistance to the field 
circuit. Both voltage coils are placed across the 
generator circuit. 


The charging circuit is from the (+) brush (1) of 
the generator, through generator switch (G), to cut- 
out (2), through cut-out series winding (S), through 
points (P), to (+) terminal of the battery, to (—) 
brush of the generator (15). 


DELCO MOTOR-GENERATOR: MECHANICAL 
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Fig. 6. The Delco mercury-type voltage regulator is located 
alongside of the cut-out, both being in the battery box or on 
the inside of the dash under the hood. 

Purpose: to control the amount of current 
generator to the storage battery. 

Description: A magnet coil (A) surrounds the upper half of 
the mercury tube (B). Within this mercury tube is a plunger 
(C) comprising an iron tube with a coil of resistance wire (R), 
wrapped around the lower portion on top of mica insulation. 
One end of this coil is attached to the lower end of the tube, 
the other end being connected to a needle (D) carried in the 
center of the plunger. 

The lower portion of the mercury tube is divided by an insula- 
tion tube into two concentric wells, the plunger tube being 
partly immersed in the outer well, and the needle in the inner 
well. The space in the mercury tube above the body of the 
mercury is filled with an especially treated oil, which serves to 
protect the mercury from oxidization, and to lubricate the 
plunger. A bracket (H) serves to support the parts described. 
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On the Hudson “‘Six-40” (1915-16), Buick models 
“C-54, C-55, C-36-37” (1915), Cole “6-50,” Oak- 
land 49 (1915), Olds 42 (1915), the Delco motor- 
generator was used, but with a ‘‘variable resistance” 
cut in and out of the shunt-field circuit by means of 
a mechanical governor instead of the electromag- 
netic principle, as previously described. 
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ignition unit being in one unit. 
wheel. 


The cut-out is also eliminated. A circuit-breaker 
of the vibrating type is used to take the place of 
fuses. See Fig. 15, page 392, for an explanation. 
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Fig. 
the shunt field-circuit. 


9. Internal wiring diagram of the system shown in Figs. 7 and 8. Note the variable resistance (B) 
U4 ? 


Illustration showing the parts of the motor-generator. 
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The armature winding: There are two regular 
“drum’’-type windings on the armature, one for 
the generator and one for the motor. But only one 
armature is used. There are two commutators 
on this system, one at each end; one for the gen- 
erator circuit and one for the motor circuit (see 
Fig. 8). 


SHUNT 


CENERATOR 
COMMUTATOR 


This is a ‘‘single-unit” system, the motor-generator and 


(HC) is the manual control of the spark and connects with the spark lever on the steering 


Field windings: There are two windings, a series- 


field winding for the motor and a shunt-field wind- 
ing for the generator. 
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DELCO ELECTRIC SYSTEMS 


Motoring Generator 


_When first starting, the (M) ignition button (see 
diagram, Fig. 9) is pulled out and the starting pedal 
depressed. This causes rod (A) to shift gears into 
mesh with the flywheel gear, and at the same time 
connection is made from the battery (++) terminal 
to (1), through (X), to (6), to the shunt-field winding 
of the generator, to ground, also to the (+) genera- 
tor brush, through the armature, to the (—) 
generator brush, to (A1), to ground, to (—) ground 
of the battery. This circuit causes about 5 amperes 
of current to pass through the generator, which per- 
mits the generator to revolve as a motor in order to 
make it easy for the gears to mesh. This is termed 
“motoring the generator.” 


The. purpose of using the generator as a motor is 
to cause the armature to revolve slowly, so that the 
gears will mesh with the flywheel gears when start- 
ing. If the current was immediately applied to the 
starting motor, it would revolve at full speed imme- 
diately. By “motoring the generator,’’ however, the 
armature revolves slowly until gears are meshed, and 
then the full current is applied to the starting motor. 


if!) 
M) 


Le 
NY 


WA 
WS 


CAN Lr 
Ki 


Fig. 10. View of motor-generator showing the motor 
Boies, also the generator switch (Al). The large wire on 
right of Fig. 10 connects with the battery. The generator 
circuit is opened and closed by action of switch (Al). When 
the motor Braet (MB) is raised by rod (A), the generator cir- 
cuit is closed at (Al). When the motor brush is lowered on to 
the commutator by rod (A), for starting purposes, the generator 
circuit is opened at (Al). 


Starting Motor or Cranking Operation 


As the starting pedal is depressed still farther, 
the motor brush (MB) makes contact with the 
commutator and the generator is opened at genera- 
tor switch (Al). The full force of the current from 
the battery then passes (+) through the motor 
series-field winding and the armature, through 
closed brush (MB) on the right, to ground, to the 
(—) battery grounded terminal. 


When the starting pedal is released and the 
engine starts, the motor brush (MB) is raised from 
the commutator, and the generator circuit 1s again 
closed at generator switch (Al). 


387 


Generator Operation 


_ When the engine is not running, or when it is run- 
ning below 300 r.p.m., and the circuit between the 
generator and the storage battery is closed either 
by the (M) or the (B) button on the combination 
switch, the direction or flow of the current is from 
the battery to the generator. If the speed is very 
low indeed, as when throttled down to three miles 
per hour, the generator will “over-run” and the 
clutch will be heard in operation. 


A warning is given when the ignition button is 
pulled out or left pulled out (and the engine stopped) 
by the clicking of the ratchet type of driving clutch 
(Fig. 11), with which all these generators are 
equipped. 

Cut-Out Not Used 


On the Delco system described on page 384, the 
cut-out served the purpose of disconnecting the 
battery, when the generator was running at a slow 
speed, or not at all, or if generating less than 6 volts. 


On the system now being explained and present- 
day systems, the “cut-out” is eliminated. The 
ignition buttons (M) and (B) in a way take the place 
of this cut-out. The operation of either button 
controls the circuit between the generator and the 
storage battery. Should the engine stop and the 
ignition button (M) or (B) remain. pulled out, 
the amount of current that comes from the storage 
battery is that which is required to operate the 
generator as a motor when first starting, and is 
about 5 amperes. 


When the engine is running below 300 revolutions, 
then this clicking of the ratchet will take place again, 
because the current from the battery is running 
back into the generator which is slowly revolving it. 
This indicates that the generator is not running 
fast enough to overcome the pressure of the battery. 
The amount of current that flows from the battery 
back to the generator at this slow engine speed is 
so small that it is negligible. Therefore the auto- 
matic “‘cut-out”’ is eliminated. 


Generator Charging Circuit 


At over 300 revolutions, the generator is running 
fast enough to overcome the battery pressure and 
the generator charging circuit would be as follows 
(see Fig. 9, wiring diagram): Start with the (+) 
generator brush, to (6), to (X), to (1), to (+) 
terminal of the battery, to (—) ground of the bat- 
tery, to (—) grounded generator brush through the 
closed generator switch (Al). (Note that the motor 
brush (MB) is raised from the commutator.) 


Generator Shunt-Field Regulation 


The regulation of the shunt-field generator cir- 
cuit is by means of a “variable resistance’ (B), 
which is cut into the shunt-field circuit at high speeds 
automatically and mechanically, by a centrifugal 
governor arrangement (Fig. 11). .This arrangement 
controls a lever (C), which is raised and lowered by 
the action of the governor and which cuts the resist- 
ance (B) into the shunt-field circuit at high speeds. 
This results in weakening the strength of the shunt ° 
fields, and consequently the output of the generator. 
This is termed a “variable resistance’ method of 
regulation and is “mechanically” controlled. 

When the generator is running at low or medium 
speeds, the lever (C) is at the lowest point, as shown 
in the wiring diagram (Fig. 9). Therefore, the 
resistance (B) is cut out and the circuit of the shunt 
field is from the (++) brush of the generator, to (6), 
to lever (C), to ground (G), to (—) ground of the 
generator brush (through the generator switch A1). 


088 


When the generator is running at high speeds, 
the lever (C) raises. As a consequence, the resist- 
ance (B) is cut into the shunt-field circuit. The 
amount of resistance cut into the shunt-field circuit 
depends upon the speed. The higher the speed, 
the higher the lever (C) is raised, with a consequent 
higher resistance being cut into the field circuit. 


Control of the “‘Variable”? Regulating 
Resistance—by Governor Action 


Note the action of the governor which controls 
the cutting in and_ out of this resistance. (See Fig. 
11, and diagram, Fig. 9.) The spiral gear (SG) is 
attached to the timer shaft (TS). This is operated 
by the pump shaft independently of the armature 
shaft, this gear being a part of the clutch which 
connects with the pump shaft. 


AUTOMATIC RECULATINC 
SPARK RE SISTANCE 
RESISTANCE 


CONTROL 


a 


MANUAL 
SPARK CONTROL 


Fig. 11. View of the “variable resistance” mechanism, 
automatic advance of the spark and the generator clutch. The 
spiral gear on the generator clutch drives gear (SG), which 
drives the timer chats (TS). The governor (G) tends to 
assume a horizontal position as the speed increases, and thus 
it operates arm (A) controlling lever (C), which cuts in the 
bare wire resistance (B) on the spool. ‘This same action actu- 
ates the automatic advance of the spark as explained under the 
“ignition” section of this subject. 


If the distributor was driven from the armature 
shaft the timing would be effected during the start- 
ing operation, at which time the armature operates 
at a different speed from that of the pump shaft. 


The pump shaft runs at one and one-fifth times 
the crank-shaft speed, but the six-lobe cam and 
the shaft operate at half engine crank-shaft speed. 


As the timer shaft revolves, the governor weights 
(G) assume a rising position which raises the arm 
(A), thereby raising the lever (C), which makes con- 
tact with the bare resistance wire (B), wound on an 
insulated spool. The principle is that as the speed 
of the engine increases, the speed of the timer shaft 
increases, and the governor arms (G) rise higher as 
the speed increases, thereby raising the arm (C) 
higher. 


The higher arm (C) is raised, the more of this 
resistance wire is thrown into the field circuit, 
thereby weakening the output and keeping the cur- 
rent from gaining as the charging rate increases at 
the higher speeds. 
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Ignition ‘ 

The ignition system consists of an open-circuit 
timer, ignition coil, mounted as shown in Fig. 7, 
and a distributor which distributes the high-tension 
current to the spark plugs. 

The primary circuit (if the battery supplies the 
current, Fig. 9) is from (1), through the circuit 
breaker, to (X1), to (7), to the primary winding of 
the coil, to (7A), through the timer points, through 
ignition resistance (D), to ground, to the (—) 
ground of the battery. 1 

The primary circuit (if the generator supplies cur- 
rent) is from 6, to (X), to and through the circuit- 
breaker, to (X1), to (7), and from there ithe same 
circuit as given in the preceding paragraph. 

The dry cell batteries are used as an emergency 
set for ignition. The current is supplied in exactly 
the same manner as though it was coming from 
the storage battery; the (B) button on the combina- 
tion switch closes the circuit between terminals No. 
1 and No. 6at (X), in order that the generator may be 
connected to storage battery for charging purposes. 

The -cell primary ignition circuit would then 
be ee of ie dry cells, to (2), to (X2), to (7), 
through the primary winding of the coil, to the 
timer, to resistance unit (D), to ground, to (—) 
ground of the dry cells. 

The secondary ignition circuit is from the second- 
ary winding, to the distributor, to the spark plugs, 
to ground, to ground of the secondary winding. F 


Automatic Advance of Ignition Controlled by 
Governor Action 


At the same time the timer cam on the end of the 
timer shaft is automatically “advanced.” As the 
speed is increased the action of the governor turns 
the timer cam in the direction of rotation, thereby. 
causing earlier contact. 


The ignition system consists of a non-vibrating 
coil mounted as shown in Fig. 7. The timer is an 
open-circuit system in this system, but the closed- 
circuit type is used on later systems. See Index 
for “Delco ignition systems.” 


The ignition resistance unit shown at (D) (Figs. 
9 and 11) is a coil of resistance wire, the purpose of 
which was explained on page 198 in the instruction 
on ignition. 

This ignition resistance unit has connected in 
parallel with it, the shunt-field regulating resistance 
(B) (Fig. 9). 

When the arm (C) is in the lower position, the 
resistance of this path greatly exceeds that through 
the resistance unit, and practically all the ignition 
current passes through the ignition resistance unit. 

But as the arm rises, as at high speed, this resist- 
ance is decreased, and when the arm is at the top 
position the full voltage is applied to the ignition coil. 

In the event of the ignition resistance unit (D) 
being disconnected or burned out, it is impossible 
to get sufficient current through the regulating 
resistance, unless the arm (C) is held near the top. 


Generator Clutch 


_ Aclicking sound will be heard during the ‘“‘motor- 
ing of the generator.” This is caused by the “over- 
running of the clutch” in the forward end of the 
generator which is shown in Fig. 11. ; 


The purpose of the generator clutch is to allow 
the armature to Tevolve at a higher speed than the 
pump shaft during the cranking operation and to 
permit the pump shaft to drive the armature when 
the engine is running on its own power, Spiral 
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teeth are cut on the outer face of this clutch for 
driving the distributor. This portion of the clutch 
is connected by an Oldham coupling to the pump 
shaft. Therefore its relation to the pump shaft is 
always the same, and does not throw the ignition 
out of time during the cranking operation. 


How to Remove Generator Clutch 


Two views of the generator clutch are shown in Figs. 12 and 
12A. This clutch is removed from the armature and end-frame 
assembly by loosening the screw in the end of the armature 
shaft and removing the lock washer and key washer. Cut a 
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hole in the work bench about 14” larger in diameter than the 


GENERATOR CLUTCH 
Fig. 12A 


armature. Insert the armature through this hole. Allow the 
armature and end frame to drop about two inches, being care- 
ful to have the end frame come squarely in contact with the 
bench. Hold the armature from below, so that it will not be 


injured by striking the floor. 
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The clutch is held together by a retamung spring wire which, 
yien removed, allows the clutch to be disassembled for inspec- 
ion, 


Motor Clutch 


The “motor” clutch operates between the fly wheel 
and the armature pinion (Fig. 8), and is for the pur- 
pose of getting a suitable gear reduction between 
the motor generator and the fly wheel. It also 
prevents the armature from being driven at an 
excessively high speed during the short time the 
gears are meshed after the engine is running on its 
own power. 


Single-Wire or Grounded System 


The Delco wiring of the different parts is shown 
in Fig. 9. Note that the single-wire system is 
used in the illustration—the frame of the car being 
used to carry the return circuit. 


The motor-generator, storage battery, lamps, 
horn, and ignition apparatus each have a connection 
“grounded” to some part of the frame of the car 
or engine. The other connections are made with 
copper wires or cables. 


Circuit-Breaker 


The circuit-breaker does not take the place of a 
cut-out. It is provided so as to open the circuit in 
ease of a short circuit, and it thus takes the place 
of fuses. See Fig. 14, page 390. 


DELCO MOTOR-GENERATOR THIRD-BRUSH REGULATION—CONSTANT CURRENT 


As an example of a third-brush-regulated Delco 
motor-generator we will use the Delco electric sys- 
tem on one of the first models of the Hudson ‘“‘Super- 
Six” cars, models ‘H’’ (1916-17) and model ‘‘J”’ 
(1918). The Hudson “Super-Six” was produced 
after the Hudson ‘6-40,’ which used a variable 
resistance regulation which was cut into the field 
winding automatically by a governor. The late 
Hudson ‘‘Super-Six” model uses a similar system, 
except that a “third-brush” regulation is used 
instead of “‘variable resistance,’ the combination 
switch is arranged differently, and there are dif- 
ferences in a few other minor details. See Index 
under “Wiring diagram of the 1921 Hudson.” 


The Delco motor-generator used on the Hudson 
consists of a motor and a generator contained in 
the same housing, thus forming a single unit. Elec- 
trically, however, they are just as separate as if 
they were built in separate housings. 


There are two armature windings and two com- 
mutators entirely independent of each other. The 
commutator and brushes at the rear end belong to 
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External circuits of the Delco electric system on ~ 


the motor part of the machine; those at the front 
belong to the generator part. 


There are two sets of field windings or coils: a 
set of “shunt-field coils” used for the generator ac- 
tion, and a set of “series-field coils” used for the 
motor to crank the engine. 


*“*Motoring-Generator”’ Circuit 


When first starting, the ignition button is pulled 
out (Fig. 14), which closes three circuits as follows: 


1. The ignition primary circuit, from battery (+) 
to (1) on the ammeter, to a point on the switch 
above (3), to (X), to (X1), to (4), to the primary coil 
winding, through (4A), to the ignition resistance 
unit, to the timing contact points (closed-circuit 
type), to ground, to (—) ground of the batitery. 
The ignition secondary circuit is from the lower 
ignition coil winding to the distributor, to the spark 
plugs, to ground, to (—) ground of the battery, to 
(1), to (X), to (X1), to (4), to the primary winding, 
to where the secondary joins the primary winding. 


2. The generator-field circuit (for motoring 
generator) is from (+) of the battery, to (1), 
through the ammeter, to (X), to (X1), to (4), 
through the shunt-field windings, to the third brush, 
through the armature coils, to the (—) grounded 
generator brush, to (—) ground of the battery. 


3. The generator motoring circuit is from (+) 
of the battery, to the ammeter, to (X), to (2), to 
the generator switch (which is closed), to the (+) 
generator brush, through the armature, to the (—) 
generator brush, to (—) ground of the battery. 


These circuits from the battery give an ignition 
circuit for the spark plugs and also turn the genera- 
tor armature over slowly (termed “motoring the 
generator”), so that the gears can easily be meshed 
with the flywheel gear. 
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Starting Motor Circuit 


During the ‘motoring of the generator” operation, 
as explained, both motor brushes are raised from 
the commutator. They remain in this position at 
all times, and the generator switch is closed at all 
times, unless the starting pedal is depressed for 
starting the engine. 


When motoring the generator, the first operation 
in starting, is to depress the starting pedal which 
meshes the drive gear with the flywheel driven gear 
on the rim of the flywheel. At the same time that 
the gears are meshed, the rod operating in contact 
with the lower brush arm of the motor moves, allow- 
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“motor,” as the pressure (voltage) from the batter: 
is greater than from the generator at this slow speed 
Thus the.battery current flows to the generato 
through the generator windings, as it did in th 
“motoring of the generator” operation, and thi 
ammeter will show on the “discharge” side. A1 
automatic cut-out could be used to prevent th 
battery from discharging in this manner through the 
generator windings at speeds lower than 300 r.p.m. 
but inasmuch as the current used is very slight (abow 
3 or 4 amperes), and as the engine seldom runs a’ 
this low speed, the automatic cutout is eliminated 


Generator clutch: When the engine is running a‘ 
less than 300 r.p.m., the generator armature, ai 
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Vig. 14. 
a single-wire, or grounded-return system. 


ing both motor brushes to come in contact with the 
motor commutator, and at the same time the gener- 
ator switch is opened, opening the circuit to 
generator and closing the .circuit from battery 
to motor. 


The raising and lowering of the motor brushes, 
therefore, functions like a switch, Le., when the 
brushes are in contact with. the commutator, the 
circuit is closed; when they are raised away from 
the commutator the circuit is opened. Thus a 
starting switch is not used. 

The motor circuit will then be from (++) of the 
battery, to motor terminal (1), through the series 
field winding of the motor, to the upper (+) brush, 
through the armature winding, to the lower motor 
brush, to ground, to (—) ground of the battery. 


Generator Action 


Now, let us assume that the engine starts. The 
starting pedal is released and the gears run out of 
mesh again. The plunger travels into place and 
lifts the motor brushes off the commutator, at the 
same time closing the contact at the generator 
switch. ‘The generator circuits are complete again, 
and if the engine is driving the generator fast 
enough, current is being generated, 

If, however, the generator is being driven by the 
engine at less than 3800 r.).m., the generator will 
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Internal circuits of the Delco Electric system on the Hudson “Super-Six,”” models ‘‘H’” and “J.” The wiring is 


Stated, turns as a “motor’’ and turns faster than it 
is being driven by the engine. Therefore a roller 
clutch, similar in action to the one described on page 
324, and which is also similar,in action to the free- 
wheel clutch on a bicycle, is used to allow the gener- 
ator to over-run at speeds lower than 300 sp.M., 
as explained above. This clutch also permits the 
armature to revolve when the ignition switch is 
first pulled out, as explained above under “‘Motor- 
ing the generator.” eno 


If the engine should be stalled or stopped without 
switching off the ignition button, a steady discharge 
from the storage battery of about 3 or 4 amperes 
would take place, causing the armature to revolve. 
Therefore the ignition button should be pushed in 
whenever the engine is not running. 


Generator Charging Circuit 


When the engine is revolving more than 300 r.p. 
m., the generator begins to generate current, and 
at higher speeds, sufficient voltage is generated to 
overcome the battery voltage and the generator 
sends current. to the battery, as well as supplying 
current for ignition and lights. 


The shunt-field circuit during the charging action is 
from (++) brush of the generator, to generator switch, 
to (2), to (X), to (X1), to (4), to third brush. 
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| The main generator charging circuit is from (+) 

brush, to the generator switch, to (2), to (X), toa 
point. above (3), to the. ammeter, to (+) of the 
battery, to (—) of the battery, to ground, to the 
grounded (—) generator brush. The ammeter will 
now indicate on the ‘‘charge’’ side. 


Generator Regulation 


_ The regulation of the current! (generator output) 
is obtained simply by varying the strength of the 
magnetic field, but this is brought about in a different 
manner to, and is an improvement over, the methods 
formerly used. By referring to Fig.14, it will be 
seen that'the lower end of the shunt field is connected 
to a “third brush” which is in contact with the 
generator. commutator. 


The strength of the magnetic field depends upon 
the amount of current flowing through the field 
windings, and this in turn depends upon the voltage 
(pressure) applied to the third brush. 


This voltage depends upon two things: (1) 
the position of the brush on the commutator with 
relation to the other brushes, and (2) upon the speed 
of the armature. 


The position of the brush on the commutator is 
set before leaving the factory, to give the best:aver- 
age charging rate, and must not be moved or inter- 
ig with as long as the charging rate is satisfactory. 


If it becomes necessary to increase the charging 
rate, loosen the two screws by which the arm sup- 
porting the third brush is attached and move to the 
right (looking at the front end of the generator). A 
small movement makes a considerable difference 
in the charging rate. Then tighten the screws. 


It is highly important after moving the third 
brush to sand it carefully down, so as to fit the com- 
mutator accurately, otherwise the generator will not 
deliver the full amount of current.! 


If it becomes necessary at any time to decrease 
the charging rate, proceed exactly as outlined 
above, but move the brush to the left. 


Third-Brush Effect of Generator Output 


The third brush affects the generator output at 
varying speeds in the following way: At low speeds 
the voltage or.pressure applied to the third brush is 
comparatively high; therefore a _ considerable 
amount of current will flow through the shunt field 
windings. This gives a strong magnetic field at 
low speeds, and the generator output will be good, 
considéring the low speed. Increasing the speed 
under these conditions would increase the generator 
output too rapidly, and at high speeds there would 
be too much current produced. With the increase 
in speed, however, the voltage applied at the third 
brush decreases; consequently the magnetic field 
becomes weaker and the generator output is kept 
from becoming too great (see, also, pages 361, 408). 
In this way the generator output increases until a 
speed of about 20 to 24 miles per hour is reached. 
The current is then at a maximum which is arranged 
to take place at this speed, because experience has 
proved that this gives the best all-around results. 
At still higher speeds, the magnetic field becomes 
so weak that the output begins to diminish, thus 
preventing the storage battery from being charged 
at too high a rate. 


1The third brush must make good contact with the commu- 
tator at all times. To realize the importance of this, raise the 
third brush with the finger while the engine is running, and 
watch the hand on the ammeter go back to zero, The same 
thing applies to the two main brushes. 


391 


The following table represents on an average the 
manner in which the charging rate should vary at 
different speeds. 


Miles per Hour Amperes 

9 55 45) 
12 10 
18 16 
24 1bY6 
30 15 
36 13 
42a" 11 


The Ignition System 


_ The ignition system consists of a distributor, an 
ignition coil, a contact-breaker of the closed-circuit 
type, a condenser, and ignition resistance units—all 
fully explained under “Delco ignition systems.” 


The distributor-timer is driven by a vertical shaft 
and is located directly above the oil pump at the 
front end of the engine. On it is mounted the con- 
denser and the resistance unit. 


Timing the [gnition! 

The cam which makes and breaks the contact points is 
adjustable. To move the cam it is necessary to loosen the 
screw in the center of the shaft. Before attempting to time 
the engine or ignition, see that the contact points are clean and 
set at a clearance of .018’, or the thickness of the gauge on 
the distributor wrench (in the tool kit) when on the highest 
point of the cam or at their widest opening. 

Turn the engine over slowly with the hand crank until No. 1 
cylinder is on compression stroke. To determine this, remove 
the other spark plugs and turn until you feel the resistance of 
compression, Turn the engine over very slowly until the 
pointer on the observation hole on the flywheel case is directly 
over the mark ‘‘A’”’ which is stamped on the flywheel. See 
that the button on the rotor is directly under the contact in 
the distributor cap which leads to No. 1 cylinder spark plug. 
Loosen the set screw at the center of the cam and turn the cam 
until the contact points just start to separate. When checking 
the result, the cam should be held on tension in the opposite 
direction to rotation, and the back lash in the gears should 
then allow the points to start to separate when the cam is 
rocked back and forth. Then tighten the screw. Rub a very 
small quantity of vaseline on the track in the distributor cap, 
around which the contacts are spaced, and then rub off the free 
vaseline. Replace the rotor and distributor cap. 

It is important to keep contact points clean and set at a 
clearance of .018’’, or to the distributor wrench gauge. Use fine 
sandpaper for cleaning points. The small sandpaper disks 
used by dentists are oenéllent for this purpose. 

Keep the distributor-cap track polished with vaseline. (Use 
sparingly.) Do not allow oil or dirt to accumulate on the 
contact points. 

The distributor cap and high-tension wires should always 
be clean and dry. The resistance unit should be kept clean and 
all connections tightened. 


Ignition Circuits 
The ignition circuits, as explained on page 389, 
give the circuit whn battery supplies current. 
When the genera'or supplies current for ignition, 
the circuit is from (2), to (X), to (1), to (4), and 
it then follows same path as described on page 389. 


Purpose of the Circuit-Breaker 


This is a protective device to prevent excessive 
current from flowing through the lighting circuit in 
the event-of a ground or short circuit developing in 
the line. In other words, it takes the place of fuses. 

There are two types of Delco circuit-breakers: 
the “vibrating type” and the “locking type.” ‘The 
vibrating type is used on the Hudson, as shown in 
Fig. 14, the details of which are shown in Fig. 15. 


Construction of the Delco ‘‘Vibrating-Type”’ 
Circuit-Breaker 


The Delco vibrating circuit-breaker is shown in 
Figs. 14and 15. The coil (W) is connected in series 


1-Also applies to Hudson ‘‘Super-Six,’”’ model ‘'O.”’ 


CIRCUIT BREAKER 
ARMATURE "A" 


Internal view of Delco vibrating type of circuit- 
breaker, 


with the lighting circuit or other electric appliances. 
It consists of a single winding on a soft iron core. 


It is set by adjustment of the air-gap, by spring 
(F) to carry a predetermined load of say 12 amperes, 
and the current passes through the winding (W), 
through points (E) which are normally closed, to 
the switch, to the lights, to ground, to battery 
ground. By the use of the circuit-breaker, fuses 
are eliminated from the circuits. 


CIRCUIT 
BREAKING 


Fig. 15A. External view of Delco vibrating type of circuit- 
breaker. 


If a short circuit occurs in the wiring, this would 
draw a greatly increased amount of current, and at 
from 27 to 30 amperes, the wire coil (W) becomes 
so strongly magnetized that the armature (A) is 
drawn to the core, thus causing arm (C) to push 
blade (D), separating points (E). The moment this 
occurs the circuit is broken; therefore contact will 
be made again, and again separated. Thus an 
action similar to a vibrating coil takes place, and 
the armature vibrates back and forth, but consuming 
only about 5 to 7 amperes. The vibrating action is 
kept up until the ground or short circuit is removed. 


Note the point (A) (Fig. 15) in the circuit between 
the switch and the lamp. Should a ground oceur 
at this point, the heavy flow of current would cause 
the circuit-breaker to operate. 


_ When the vibrating type of circuit-breaker is used, 
it is mounted on the back of the combination switch. 


Delco ‘“‘Lock-Out Type” of Circuit-Breaker 


Another type of Delco circuit-breaker is called 
the “lock-cut” circuit-breaker. It is of similar 
construction, except that it has an additional fine 
wire voltage winding around the same core, the 
ends of which are connected across the contacts. 
When an overload occurs, as from a short-circuit or 
ground, the armature (A) (Fig. 15) is pulled down 
aon the core, thus opening the circuit as in the 
vibrating type. The magnetism flowing through 
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the fine wire winding will hold the armature (A) 
against the core and prevent it from vibrating. 
This limits the flow of current through the lock-out 
circuit-breaker to a small fraction of an ampere. 
The internal circuit of the lock-out type of circuit- 
breaker is shown in the wiring diagrams of La- 
fayette, Marmon, and Cadillac. See Index under 
“Wiring diagrams.” 

A double circuit-breaker is used on several cars, 
such as the Cadillac, Lincoln, and Lafayette, and 
is mounted in a single housing. One of these is the 
vibrating type and the other the locking type. 


The vibrating type of circuit-breaker is used with 
the main lights, which are more frequently used. 
The locking, or lock-out type of circuit-breaker is 
used in connection with the tonneau lights, dome 
lights, and horn, as grounds are more likely to occur. 


The ignition current in some cases is also taken 
through the vibrating type of circuit-breaker. 


Delco Circuit-Breaker Pointers 


If any part of the lighting circuit becomes grounded without 
first of all passing through the lamps, a heavy flow of current 
far in excess of the normal amount will take place. This 
heavy current magnetizes the iron core of the circuit-breaker 
so strongly that it attracts the small piece of iron called the 
armature, thus separating the contact points. This momenta- 
rily cuts off the flow of current, which in turn allows the 
contacts (E) to close again, and the operation is repeated, 
causing the circuit-breaker to give out a clicking sound. 


The circuit-breaker thus not only gives warning of a ground 
in the lighting circuit, but also prevents injury to thé wiring 
by permitting only from about 5 to 7 amperes to flow through 
it when vibrating. 

When the circuit-breaker vibrates, push in the three lighting 
buttons. If the breaker continues to vibrate, the trouble 
should be looked forin the switch. If the breaker stops vibrat- 
ing when the three lighting buttons are pushed in, pull them 
out one at a time and observe which one causes it to commence 
vibrating. The ground or short circuit must be in this line. 
The trouble may be located more accurately by disconnecting 
the wires at the junction block at the lower left-hand side 
of the dash. If the circuit-breaker continues to vibrate when 
these wires are removed, the ground must be in the wiring 
between the switch and the junction block; but if it stops 
vibrating, the trouble must be in the wiring between the junc- 
tion block and the lights. 


By testing each wire individually, the exact circuit wherein 
the trouble exists may be located. 


In case the circuit-breaker vibrates repeatedly, do not 
attempt to increase the tension of the springs, as the vibration 
is an indication of a ground in the system, Remove the 
ground, and the vibration will stop. 


Lights 


Let us return to the point above switch terminal 
No. 3 (Fig. 14), where the line divides. The line 
going to the right leads to the circuit-breaker, After 
passing through the circuit-breaker winding, repre- 
sented by the zig-zag lines and contact points, con- 
nection is made from this point to each of the three 
lighting contacts. The operation of each of the 
three lighting buttons will now be described. 


Dash and Tail-Light Circuit ; 


When the lighting button nearest to the ignition 
button is pulled out, the dash and tail-light circuit 
is completed, and the current passes out through 
terminal No. 5, then to the dash lamp socket, and 
through the lamp filament. 


A wire leads from this lamp to terminal No. 5 of 
the junction block on the dash, and from there a 
wire leads to the tail lamp. After the current 
passes through the tail lamp, it goes to ground, i.e. 
the frame of car. Thus the lamps are “in series,” 
and the current has to pass through both bulbs 
before it reaches ground. It follows, therefore, 
that if the filament of either lamp burns out or the 
line is broken or ground disconnected, both lamps 
will go out. The wiring is arranged thus to warn 
the driver when the tail light is out. 


Headlights (Bright) Circuit 


_ When the center one of the three lighting buttons 
is pulled out, the headlight circuit is completed and 
current passes out through terminal No. 6 to 
terminal No. 6 of the junction block on the dash, 
and from there a wire leads to the front cross mem- 
ber of the frame, where it branches out immediately 
back of the radiator. One branch wire feeds the 
right-hand headlight, the other the left. After 
the current passes through the lamp bulb, it goes 
to ground. Since both lamps.are fed from branches 
of the same wire, they are “in parallel.” 


_ Therefore if one bulb burns out, the other circuit 
is still intact, and the lamp on that side will continue 
to burn. 


Headlights (Dim) Circuit 


When the end lighting button is pulled out, the 
headlight circuit is completed, but instead of the 
current passing directly out through terminal (6), 
it first of all passes to (7), through the. dimmer 
resistance. This is a coil of wire that has the effect 
of choking the current supplied to the headlights, 
and they do not burn so brightly, nor do they con- 
sume so much current. 


If the headlights are operating “dim,” it is 
unnecessary to depress the ‘dim’ Pticn in order 
to get them to operate at full candle power. Simply 
pull out the second button. This operation cuts 
out the resistance, because the current takes the 
easier path. If the second button is again depressed, 
the lights will operate “‘dim,’’ as the current then 
passes through the resistance. 


The Junction Block 


The junction block is located on the engine side 
of the dash, near the left-hand side frame. It pro- 
vides a handy means of disconnecting the lighting 
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connections in case of trouble on any particular 
line, or when removing the body. For instance, if 
the circuit-breaker commences to vibrate or click 
when any of the lighting switches are pulled out 
(indicating a ground), it is obvious that any of the 
junction-block connections can be reached quickly 
and the wires can be disconnected one at a time till 
the faulty line is discovered. 


Storage Battery 


The storage battery is a three-cell, six-volt bat- 
tery. The (—) battery terminal, as well as the (—) 
generator brush is grounded. 


Never run the generator with the storage battery 
disconnected from the car. This is a ‘“constant- 
current” system, as explained on page 346. 


Ammeter Readings 


Ammeter readings during cranking operation: 
During the cranking operation the ammeter will 
show a “discharge.” This is the current that is 
used both in the shunt-field winding and the ignition 
current. The ignition current being an intermittent 
current of comparatively low frequency, it will 
cause the ammeter to vibrate during the cranking 
operation. If the lights are on, the meter will show 
a heavier discharge. 


The main cranking current is not conducted 
through the ammeter, as this is a very heavy current 
and it would be impossible to conduct this heavy 
current through the ammeter and still have an 


- ammeter that is sensitive enough to indicate accu- 


rately the charging current and the current for lights 
and ignition. 


When the generator is charging the battery, the 
ammeter needle will be on the “charge” side of 
the scale. 


DELCO MOTOR-GENERATORS (1921) THIRD-BRUSH REGULATED 


Delco motor-generators and electric systems 
installed on the 1921 Buick and McLaughlin are 
shown in Fig. 1; on the Cadillac, in Fig. 3; on the 
Hudson, in Fig. 5; on the Lafayette, in Fig. 7; on 
the Lincoln, in Fig. 9. Wiring diagrams and the 
various circuits of each are also shown. 


Each of the cars mentioned use a Delco motor 
and generator as a single unit, termed a ‘“motor- 
generator.” 

There are two windings in the field and armature, 
one set for operation as a generator and one set 
when used as a motor to crank the engine. The 
generator armature winding and its commutator, 
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together with the generator .winding in the field 
coil, are connected in the circuit at all times when 
the ignition switch is “‘on,”’ except when the starting 
pedal is depressed. There is no electrical connec- 
tion between the motor and the generator windings 
on the armature. Third-brush regulation is used 
on all. 


When the motor-generator is used to crank the 
engine, the motor windings are brought into use, and 
it operates as a series-wound motor. These wind- 
ings are not in circuit with the battery until the 
motor brush, or brushes, make contact with the 
commutator by the action of the starting pedal. 


AIOTTUE 
IGENERATOR COW TUTATOR 


COMMIUTAT OF 


Delco motor-generator used on the Buick and McLaughlin (1921). 
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When cranking the engine, the motor-generator 
drives the flywheel through a pair of sliding gears 
which are at the rear of the motor-generator and 
controlled bythe starting pedal. An over-running 
clutch is built in the hub of these gears, so that the 
flywheel will not drive the generator through the 
starter gears after’ the engine starts running under 
its own power, and before the starter pedal is 
released. 

The driver should make a practice of releasing the st ‘ter 
pedal as soon as possible after the engine has started running 


so as to insure long life and usefulness of the lubricant within 
the clutch. 


When the engine is operating at slow speeds, the 
generator voltage is not sufficient to-provide current 
for lighting or ignition. At such times the battery 
is the source of current. At low engine speeds also, 
current may flow from the battery through the 
generator windings and cause the armature to re- 
volve faster than the engine drives it. Under this 
condition the over-running generator clutch at the 
forward-end of the motor-generator permits the 
armature to revolve faster than the driving shaft, 
and makes a, clicking noise. 


During the time that the engine is driving the 
armature, the circuit between the generator winding 
and the storage battery is completed, allowing 
current from the generator to charge the storage 
battery and supply current directly for lights and 
ignition. 

During the cranking operation, the generator 
circuit is interrupted by having one of the generator 
brushes raised off the commutator in the Buick 
model. ‘The upper generator brush on the Buick 
type of motor-generator is raised. 

A very great reduction in'engine cranking speed will be the 


result if the generator circuit is not opened during cranking 
by the above method. 


It may happen, through accident or otherwise, that the 
brush-lifting mechanism is bent in such a way that it fails to 
operate the generator brush as just described. Care should 
be exercised, in renewing the upper generator brush, to obtain 
one of the proper length. If too long, the brush-lifting mechan- 
ism may not function properly. 


In the motor-generator applied on Cadillae and 
Hudson ears, this feature of opening the generator 
circuit during cranking is taken care of by a set of 
contacts in the rear end of the motor-generator 
housing, known as the generator switch and operated 
through the action of one of the motor brushes. 


During the cranking operation the electrical cur- 
rent flows from the storage battery through the 
motor windings, causing the armature to rotate. 
The closing of this circuit is effected by the upper 
motor brush in the Buick model, and by both upper 
and lower motor brushes in the Cadillac and Hudson 
models. These are operated by the starting pedal, 


The motor-generator performs three different 
operations, which are as follows: 


1. Motoring the generator::- This. operation ° is 
necessary in order that the starting gears may be 
brought into mesh with the small gear on the arma~ 
ture shaft, and with the teeth on the fly-wheel. This 
takes place whenever the “ignition” switch lever is 
turned to position marked ‘on.’ This completes 
the circuit from the storage battery to the generator 
windings, and permits current to flow from the stor- 
age battery through the shunt-field coil and the 
generator windings on the armature, thus causing 
the armature to revolve slowly. 


In meshing these gears, if difficulty is encountered, do not 
try to force them, but simply allow the starting pedal to come 
back, giving the gears time toichange their relative positions. 


The clicking sound heard during the motoring of the genera- 
tor is caused by the over-running of the generator clutch in 
the forward end of the motor-generator. The ‘“M.G. 82” 
used on 1918 Hudson cars was equipped with a smooth clutch. 
The motoring of the generator is one of the most important 
operations for the mechanic to familiarize himself with, as the 
same wiring and parts of the generator are used during this 
operation as when generating. Therefore, if this operation is 
performed properly, it is sure to generate when driven by the 
engine. 


2. Cranking operation: The cranking operation is 
performed when the starting gears are brought fully 
in mesh and when the motor brush or brushes make 
contact with the commutator. It is arranged that 
the starting gears are properly meshed before the 
motor brush, or brushes, make contact on the com- 
mutator. The cranking operation requires a heavy 
discharge from the storage battery. There must be 
no loose connections in this circuit. All the battery 
connections, together with the ground-strap con- 
nections, the motor connections, and motor brushes 
must make good electrical contact. 


3. Generating electrical energy: After the crank- 
ing operation is completed, the starting pedal is 
returned by a spring. This disconnects the starting 
gears, breaks the motor circuit, by raising the motor 
brush or brushes, and completes the generating cir- 
cuit either through the generator switch, or, in the 
poe model, by lowering the upper generator 

rush. 


At car speeds of from five to seven miles per hour, 
the generator is generating a voltage sufficient to 
prevent current discharging from the. battery 
through the generator windings. At higher speeds 
a part of the current generated is used directly for 
ignition and lighting purposes, while the remainder 
of the current is used to charge the storage battery, 


The ignition distributor is located on the forward 
end of the motor-generator on the Buick models, and 
is for the purpose of properly timing and distributing 
the ignition current. Separate distributor units are 
installed on Cadillac and Hudson models, and are 
driven from the timing gears. See the instruction 
on “Ignition.” 

The operation of the distributor on the Buick car in no way 


affects the motor-generator, it being located in this manner 
simply as a convenient method of mounting and driving. 


DELCO ELECTRIC SYSTEM ON THE BUICK (1921) 


Generator field circuit: From (++) main brush, 
to (2) (Fig. 2), to (3), to (F), to the generator shunt- 
field winding, to third (—) brush (8B). 

Generator charging circuit: From (-+) main 
brush, to (2), to (1), to the ammeter, to (+) battery, 
to (~) ground of the battery (GB), to (—) ground 


of the generator (GG), to the (—) generator, main 
brush, 


Ignition primary circuit: From (1) on the com- 
bination switch, if the current is from the battery as 


when starting, or from (2), if the current is from the 
generator after the engine is running, thence to (3), 
to the ignition resistance unit on the coil, to. primary 
winding (PRY), to contact-breaker points (P), to 


ground, to (—) of battery or (—) of generator. 


Starting motor circuit: From (+) of the battery, 
through the motor-series field coil, to the (+) motor 
brush, through the armature, to the (—) grounded 
brush, to (GM), to the (—) grounded battery 
terminal (GB), 


DELCO ELECTRIC 


Motoring generator field circuit: 
depressing the starting pedal, the generator is 
motored,”’ and current flows from (+) of the 
battery, through the ammeter, to (1), to (3), to 
(F), to (3B) for the shunt-field circuit. For this 
about 5 amperes are required. This makes it easy 
for the gears to mesh, as the generator armature 
turns over slowly. 


When first 


_ The armature circuit, during the motoring opera- 
tion of generator, is from (+) of the battery, 
through the ammeter to (1), to (2), to (A), to (4) 
brush, to the armature, to the (—) grounded brush, 
to (GG), to (GB). 
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As the starting pedal is depressed still more, the 
(+) motor brush is lowered to the commutator 
and the generator brush (A) is lifted; the series field 
of the motor and the armature winding of the motor 
receive the full current from the battery, and the 
engine 1s started through the starting motor cir- 
cuit as first explained. 


When the engine starts, and the starting pedal is 
released, the gears to the flywheel are thrown out of 
mesh, the (+) motor brush is raised, the generator 
brush (A) is lowered, and the generator begins to 
generate current at over 300 r.p.m. Thereupon 
the circuit is as explained under “generator circuit.” 
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Fig. 2. Delco wiring diagram of Buick. (1921), series 21; models 44 and 50, and also McLaughlin. 


DELCO ELECTRIC SYSTEM ON THE CADILLAC TYPE 59 (1921) 


The Delco motor-generator (Fig. 3) is used on 
the Cadillac. The regulation is by means of a third 
brush. It is therefore a constant-current-regulated 
generator of a 6-volt system. 


A thermostatically controlled protective device 
operates in case of excessive charging current, to 
protect the generator from over-heating and the 
battery from over-charging. Provision is made for 
mounting the device on the third-brush arm in such 
a position that it may readily be influenced by radi- 
ated generator heat. 


The thermostat consists essentially of a coil of 
resistance wire and a set of contacts. The blade 
holding one of the contact points is made from a 
piece of bi-metal—a strip of brass welded to a strip 


. of nickel steel—a. combination which warps at its 


free end when heated, owing to the greater expan- 
sion of the brass side. The contacts, normally 
closed, are caused to separate at a temperature of 
195°-200° F. within the generator. Thus the field 
current which passed: through the contacts is 
shunted through a resistance. The direct-field cir- 
cuit is restored as soon as the temperature has 
again become normal. 


No attention need be given to the thermostat, 
and its operation, which is accomplished by a sudden 
drop of 50 per cent in the ammeter reading, should 
‘ause no concern. 


Motor-generators used on the Cadillac, Lafayette, 
Lincoln, and Wills cars, each have four field coils, 
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two of them being shunt coils and two series coils. 
Each pair of coils is mounted opposite in the frame. 
Thus it operates as a four-pole shunt generator, 
although field windings are used on two poles only, 
the other two acting as consequent poles, 
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Fig. 3. Side sectional view of the Delco-Cadillae motor- 


generator. 


Cranking operation: When the starting gears are 
meshed, the motor brush or brushes make contact 
with the commutator. Note that the motor brushes 
take the place of a starting switch. 


Generating current: After the cranking operation 
is completed, the starting pedal is returned by the 
spring. This disconnects the gears, breaks the 
motor circuit by raising motor brushes, and com- 
pies. the generating circuit through the generator 
switch. 


These operations can be clearly understood by 
ie ae to the diagram (Fig. 4) and the illustration 
‘ig. 3). 
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Cadillac-Delco Circuits 


Generator field circuit: From the (+) third 
brush (Fig. 4), through the thermostat pointis, to the 
shunt-field windings, to (8), to (6), to the (—) genera- 
tor brush. When the thermostat points aie open, 
resistance (R) is automatically cut into the shunt- 
field circuit. 


Generator charging circuit: From tle (+) 
grounded main brush (G1), to the (+) grounded 
battery, to the ammeter, to (5), to (6), to the gener- 
ator switch (A), to minus (—) of the main brush. 


Ignition primary circuit: From (+) ground of 
the battery, or the generator after it is running fast 
enough to charge the battery, to ground (G) of the 
contact-breaker points (note the two points in mul- 
tiple), through the ignition resistance unit, through 
the coil primary winding (P), to (7) on the combina- 
tion switch to (6) if the generator is supplying 
current, to the generator switch (A), to the (—) 
generator brush. If the battery is supplying the 
current, then to (5), to the ammeter, to the (—) 
terminal of the battery. 


Starting motor circuit: From (+) ground of the 
battery, to the (+) grounded brushes (G2), which 
are lowered to the commutator by movement of 
the starting pedal which shifts the gear in mesh 
with the flywheel gear and at the same time opens 
the generator circuit at generator switch (A), then 
through the armature, to (—) brushes, through 
the series-multiple field windings, to the (—) 
terminal of the battery. Thus the action of the 
motor brushes serves as a Starting switch. Afterthe 
engine is started and the starting pedal is released, 
the motor brushes are again raised and consequently 
generator switch (A) is closed by this action. 


The vibrating and locking circuit-breaker is made 
use of in the manner described and explained on 
page 392. 
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DELCO ELECTRIC SYSTEM ON THE HUDSON MODEL “0” (1921) 


The Delco motor-generator used on the Hudson 
“Super-Six,” model ‘O,” is shown in Fig. 5, and 
the explanation given on page 393 will serve in this 
case also. 
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Fig. 5. Side sectional view of the Delco-Hudson model ‘‘O”’ 
motor-generator. 


This is a two-pole machine with a single armature 
having a separate generator and motor windings 
connected to separate commutators. Above the 
armature is a motor series coil and a generator shunt- 
field coil. Below the armature is a series-field motor 
coil and a shunt-field generator coil. 


Hudson-Delco Circuits 


Starting motor: From (+) of the battery (Fig. 6), 
to the motor-series field coils, to the motor (+) 
brush, through the armature, to the (—) brush, to 
ground, to (GB) ground of the battery. The motor 
brushes are lowered by starting the pedal when the 
gears are shifted to mesh with the flywheel. At 
the same time, generator switch (A) is opened. 
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Fig. 6. 
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Thus the action of the brushes serves as a starting 
switch. When the engine starts, and the starting 
pedal is released, the motor brushes are raised and 
generator switch (A) is closed. 


Generator shunt-field circuit: From the (+) 
brush of the generator, to (2) on switch, to (3), to 
oe generator shunt-field winding, to the’ third 
rush. 


Generator charging circuit: From the (-++) brush, 
to the generator switch (A), to (2), to (1), to the 
ammeter, to (+) of the battery, to the (—) battery 
ae (GB), to the (—) ground of the generator 


Primary ignition circuit: From (1) on the combina- 
tion switch, if from the battery, or from (2) if from 
the generator, to (3), to the coil primary winding 
(P), to the ignition resistance unit (R), to the 
contact-breaker points (P), to ground, to the (—) 
ground of the battery or to the minus ground of the 
generator. 


Secondary ignition circuit: From secondary 
winding (S) of the coil, to the distributor, to the 
spark plugs, to ground, to ground of the battery 
or generator, to the other end of (S). 


The circuit-breaker used in this model is of the 
vibrating type. 


The following will assist in tracing the different 
circuits. To trace, start with the part mentioned in 
brackets: starting-motor circuit [+ of battery]; 
generator shunt field circuit [+ main brush of gen- 
erator]; generator charging circuit [+ main brush of 
generator]; primary ignition circuit [start with 1 
on switch if from battery, or 2 if from generator]; 
secondary ignition circuit [secondary winding S of 
ignition coil]. 
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Delco-Hudson model ‘0’ wiring diagram (1921). 
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DELCO ELECTRIC SYSTEM ON THE LAFAYETTE (1921) 


The Delco motor-generator used on this car is 
explained on pages 393 and 394. An illustration of 
this is shown in Fig. 7. 
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THe eh Side sectional view of the Delco-Lafayette (1921) 
motor-generator. - 
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Lafayette-Delco Circuits P 

Starting motor: From the (+) grounded battery 
terminal (Fig. 8), to the (+) grounded brushes of 
the motor, through the armature, to the (—) brushes, 
to the series-parallel field windings, to the (—) ter- 
minal of the battery. The motor brushes are low- 
ered to the commutator by the action of the starting 
pedal, which thus serves as a starting switch. 


. Generator field-circuit: From the (+) third brush, 
through thermostat (T), to shunt-field coils, to (8) 
on switch, to (6), to (—) generator brush. 


Generator charging circuit: From (+) grounded 
generator brushes, to (+) grounded battery termi- 
nal, to ammeter, to (5) on combination switch, to 
(6), to generator switch (A), to (—) main brush. 

Primary ignition circuit: From the (+) ground 
of the battery, or generator, to ground (G) of the 
contact-breaker, through the resistance unit, to 
primary coil winding (P), to (7)» to (6), if the cur- 
rent is from the generator, back to the (—) brush 
of the generator, or to (5), if from the battery, to 
the (—) battery terminal. 
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Fig. 8. Delco-Lafayette (1921) wiring diagram. 
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Generator shunt-field circuit: From (+) brush, 
to and through switch (A), to (6) on combination 
switch, to (8), to generator shunt-field windings, to 
(—) third-brush. Re 


Generator charging circuit: From (+) brush, to 
generator switch (A), to (6), to (5), to ammeter, to 
(+) battery terminal, to (—) battery terminal, to 
(—) grounded main generator brush. 


Primary ignition circuit: From (5) on the com- 
bination switch if the battery is supplying current, 
or from (6), if current is from the generator, then 
to (7), to the ignition resistance unit on the ignition 
coils, connected in multiple, to primary windings 
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Delco-Lincoln (1921) wiring diagram. 


(PR), to contact-breaker points (P), to ground (G), 
to the (—) ground of the battery or generator. For 
details see Index under “Lincoln distributor and 
contact-breaker.”’ 


Secondary ignition circuit: From secondary wind- 
ings (S), to the distributor, to the spark plugs on 
the right and left cylinder blocks, to ground, to 
ground of the battery or generator, back to the 
primary windings of the coils, to (X), where the 
secondary joins the primary. 


A vibrating and locking type of circuit-breaker 
is used. 


DELCO SEPARATE ‘GENERATORS AND MOTORS (1921)—THIRD-BRUSH REGULATED 
GENERATORS USING CUT-OUTS ; 


Examples of Delco separate generators and 
motors with third-brush regulated generators using 
cut-outs are given in the pages following, the Mar- 
mon 1921, model 34B, H.C.S. 1921, Moon 1921, 


ee ee, eta. MARMON 1921 

The Delco electric system is used, consisting of-a 
separate.four-pole starting motor with a Bendix 
drive and field windings connected m multiple-sertes. 


The generator is a four-pole. generator, third- 
brush regulated, constant-current type, with the 
ignition unit attached to the generator, and it is thus 
a “two-unit” system. TS 


A cut-out is used as shown in Fig. 12, mounted 
on the drive end of the generator. 


Starting circuit: When the starting switch is 
depressed, the starting circuit is from (+-) ground 
of terminal (GB) of the battery (Fig. 11), through 
the (+) grounded brushes (G), through the arma- 
ture, through the (—) brushes, through fields, through 
starting switch to (—) terminal of battery. 


Westcott 1921, and Pierce-Arrow series 32, being 
selected for the purpose. The last-mentioned uses 
an électromagnétic principle of regulation in addi- 
tion: to the third brush. 


MODEL, ‘‘34B”’ 


The generator (Fig. 12) consists.of a four-pole 
shunt-wound,. .third-brush-regulated constant-cur- 
rent generator which is separate. and distinct from 
the motor. «See also the wiring diagram. 


The generator shunt-field circuitis from the third 
brush (++) through the four field windings, to the 
(—) main brush, through the armature coils, back 
to the third brush. 

‘The cut-out! is placed on the top of the generator 
(Fig. 12); at the commutator end of the generator. 

Cut-out voltage winding: After starting the 
engine, current from the generator (++) main brush 
passes from the (+-) grounded main brush (G1), 


1 Adjustment of this cut-out is shown elsewhere. See Index 
under ‘‘Adjusting Delco cut-out,” 
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AUX LIGHTS 


Generator 


Delco-Marmon model ‘‘34-B” wiring diagram. 


Fig. 11. 


through the grounded end of voltage (V) fine wire 
winding (G) of the cut-out, to the (—) main brush 
of the generator. When the speed of the generator 
increases to where the generator voltage reaches 7 to 
8 volts, the silver cut-out points (P) close. 


Charging circuit: When cut-out points (P) close, 
the charging circuit is then from the grounded end 
of the (+) main brush (G1) of the generator, to 
the (+) grounded terminal of the battery (GB), 
through the battery, through the ammeter, to the 
switch terminal (5), to the cut-out current winding 
(S), through the cut-out points (P), to the (—) main 
brush of the generator. 


When the generator speed decreases to where 
the generator voltage is less than the battery voltage, 
then cut-out points (P) should open. Just before 
doing so, however, the battery discharges back 
through the current coil (S) of the cut-out in a 
reverse direction, in order to demagnetize the iron 
core on which this winding is wrapped. This 
amount of current which passes in reverse direction 
from the battery should not be over 2 amperes. 


Ignition: The interrupter and distributor and 
ignition coil are mounted on rear end of generator 
(Fig. 12). The distributor shaft is driven at half 
engine speed by spiral gears from the armature shaft. 


An automatic governor spark-advance mechanism 
18 Incorporated in the vertical shaft. 


Interrupter: Two sets of contact-breaker points 
are connected in parallel (see wiring diagram), and 
are separated at the same time by one cam with lobes 
opposite each other (see also page 214). The adjust- 
ment screw in center of cam is for timing. 


_ The condenser, connected across both points, and 
is mounted on outside of distributor-timer housing, 


For timing the ignition and adjusting the contact- 
breaker points sce page 220. 
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Fig. 12. Deleo-Marmon (model “34-B") generator with 
ignition unit and cut-out mounted on the generator. 


The ignition circuit (see wiring diagram) is from 
the grounded (+) terminal of the battery, through 
the grounded contact points on the left side of the 
contact-breaker at (G), through the resistance unit, 
through the primary winding (PRY) of the ignition 
coil, through the junction block, through the switch 
terminal (7), through the switch blade, through 
the ammeter, back to the battery (—) terminal. 


_If the generator is supplying the current, the 
circuit is from (5) to and through the cut-out series 
coil, to the (—) main generator brush. 5 


The ignition resistance unit is connected in series 
with the primary winding and prevents excessive 
discharge from the storage battery when the engine 
is not Op URe and the ignition switch is turned 
“on.” It also causes the spark to be more nearly 
uniform at all speeds of the engine (see explanation, 
page 198). 
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DELCO ELECTRIC SYSTEM ON THE H.C.S. (1921-22) AND MOON ‘6-68’? (1921) 


“H.C.S8.” stands for Harry C. Stutz. The gener- 
ator and motor are each separate units on this car. 


The generator is of the round type with a cut-out 
mounted on the generator similar to that of the 
Marmon. ‘The third-brush regulation is used. 


H.C.S.-Delco Circuits 


Starting motor: From (+) of the battery to the 
starting switch, to the series-parallel field windings 
of the starting motor, to the (+) brushes, to the 
(—) brushes, to ground, to the (—) ground of the 
battery. The Bendix drive is used. 


Generator shunt-field circuit: From the (+) 
DEED, to the shunt-field windings, to the third 
rush. 


Cut-out voltage circuit:!' From the (+) main 
brush, to cut-out voltage coil winding (V), to ground 
(G), to the grounded (—) main brush of the genera- 
tor (G). 


Generator charging circuit: From the (+) brush, 
to the cut-out points (P closed), to the cut-out 
series winding (S), to (5) on the switch, to the 
ammeter, to the (+) terminal of the battery on 
combination, to (—) ground of the battery, to the 
(—) grounded main brush of the generator. 


Primary ignition circuit: When starting, and the 
generator is operating at low speed, current for 
ignition is from the battery, as follows: From the 
(+) battery terminal, to the ammeter which shows 
slightly on the “discharge” side, to (5) on the 
switch, to (7), to primary winding (PRY), to the 
resistance unit on the contact-breaker (interrupter), 


1 See page 409 for cut-out adjustments. 


185 Motor 


through points (P), to ground (G), to (—) ground 
of the battery. 


When the generator supplies current: From (5), 
to (7), and thence along the same path. The 
ammeter will then indicate the amount of current 
passing to the battery (on the “charge” side of 
the ammeter). 


Secondary ignition circuit: From the secondary 
winding, to the distributor rotor, to the spark plugs, 
to ground, to ground of the generator, if it is supply- 
ing current, or to the battery ground if it is supplying 
current, to (5) on the switch, to (7), to the primary 
winding, to point (X) in the coil where the second- 
ary joins the primary winding. 


The circuit-breaker is placed between the source 
of electric supply at (5) on the switch and the light- 
ing circuits, to (4), to 3, 2, 1, 8, and 9. 


Timing Deleo-Moon Ignition 


1. Place the spark lever on the steering-wheel sector in 
fully retarded position. 


2. Turn the engine over with the crank until No. 1 piston is 
just past top dead center on the flywheel at the end of the 
compression stroke. 


3. Loosen the timing adjustment screw in the center of the 
distributor shaft and turn the breaker cam so that the rotor 
button will be in position under No. 1 terminal, with the dis- 
tributor head properly located. Locate the breaker cam care- 
fully in this position, so that when the slack in the distributor 
driving gears is rocked forward, the contacts will be just 
opened by the breaker cam, and so that when the slack in the 
gears is taken up by rocking backward the contacts will just 
close. 


4. Tighten the adjustment screw securely, and replace the 
rotor and distributor head. 


Note. The Moon ignition resistance unit is mounted on 
the coil instead of on the contact-breaker. 
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DYKE’S INSTRUCTION No. 35 


DELCO-WESTCOTT ELECTRIC SYSTEM (1921) 


The generator on Type ‘C-48” is mounted on 
the right-hand side of the engine, and on the Type 
“C-38” it is mounted on the left-hand side. It is 
so designed that it starts to generate at approxi- 
mately seven miles per hour in high gear or at cor- 
respondingly lower speeds in low gear. The genera- 
tor output 1s increased to speeds of 18 to 25 miles 
per hour. At higher speeds the charging rate 
decreases. 


To adjust the charging rate, see directions given 
on pages 407 and 409. 


Cut-out adjustments are effected as shown on 
pages 409 and 410. 


The ignition distributor on the ‘“C-48” is mounted 
on the right-hand side of the engine and is driven 
by the pump shaft, while on the “C-38” the dis- 
tributor is mounted on the left-hand side. The 
distributor is equipped with both a manual and 
an automatic control. — 


Timing the Ignition (Types “C-48, “C-38") 


1. Place the spark lever on the steering-wheel sector in fully 
retarded position. 


2, Turn the engine over with the crank until No. 1 piston is 
1% past top dead center on the flywheel at the end of the 
compression stroke, 


3. Loosen the timing adjusting screw in the center of the 
distributor shaft and turn the breaker cam so that the rotor 
button will be in the position under No. 1 high-tension terminal 
with the distributor head properly located. Locate the breaker 
cam carefully in this position, so that when the slack in the dis- 
tributor driving gears is rocked forward the contacts will be 
Just opened by the breaker cam; and when the slack in the gears 
is taken up by rocking backwards the contacts will just close. 


4. Tighten the adjustment screw securely and replace the 
rotor and distributor head. 


Westcott-Delco Circuits 


Starting motor: _From (++) of the battery to the 
switch, to the series-parallel windings, to the (++) 
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Fig. 14. Wiring diagram of Delco-Westcott model “C-38,” using ‘7-R” Continental engine. 
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brushes, to the (—) brushes, to ground, to i=) 
ground of the battery. Bendix drive is used. 


Generator field circuit: From the (+) main 
brush, to the shunt field windings, to the (—) third 
brush. 

Cut-out voltage winding: From the (+) main 
brush, to (V), to (G), to the (—) grounded main 
generator brush. 

Generator charging circuit: From the (+) brush, 
to cut-out closed points (P), to cut-out series coil.(S), 
to (1) on the combination switch, to the ammeter, 
to (+) of the battery, to (—) of the battery, to the 
(—) brush of the generator. 

Primary ignition circuit (battery): From (+) of 
the battery, to the ammeter, to (1), to (3), through 


the ignition resistance unit, to the primary winding 
of coil (P), to contact-breaker points (P), to ground, 
to (—) ground of the battery. 


Primary ignition circuit (generator): From (1) on 
the combination switch, to (3), through the same 


path as just described. 


Secondary ignition circuit: From (S) on the igni- 


tion coil, to the distributor rotor, to the spark plugs, 
to the ground of the battery or generator, to (1), to 


(3), to the resistance unit on the coil, to (X), where 
the secondary circuit joins the primary. 


The circuit-breaker is shown at (C) on the com- 


bination switch. 


The ammeter should always indicate the charge when the 


car is being driven at speeds faster than eight miles per hour 

with the lights off. With the lights on a slight discharge will 

be indicated at slow speeds. 

charging rate at high speeds, as there will be a corresponding 

psc aayiee in the amount of current passing through the storage 
attery. 


The lamp load will also reduce the 


The ammeter indicates the amount: of current passing to or 


from the storage battery, but does not indicate the actual 
generator output. 
normal driving speeds, it should be taken as an indication of 
trouble and the electrical equipment should be checked over. 


Should the ammeter indicate discharge at 
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PIERCE-ARROW (1921) MODEL SERIES 32—A DELCO THREE-UNIT SYSTEM 


The generator -is an. example of a Delco shunt- 
wound, “constant-current,” third-brush regulated 
generator and also of a ‘“‘constant voltage’’ regula- 
tion (by means of an electromagnetic voltage 
regulator). The generator and starting motor are 
separate units. 


Generator Circuits 


Circuit from generator through voltage coil of 
cut-out: Start with the (+) grounded main brush 
(G) of the generator, to ground (G1) on the “appara- 
tus box,” through the cut-out voltage coil to (A), 
ae terminal (A) of the generator, to the (—) 

rush. 


Charging current from generator to battery: 
When the generator voltage is more than the battery 
voltage, then the voltage through the cut-out voltage 
coil is strong enough to magnetize its core and the 
cut-out points (P) close (they close at 614 to 64% 
volts) and the charging-current path is as follows: 
Start with the grounded (+) main brush (G) on 
the generator, to the grounded (+) terminal of 
the battery (GB), through the battery, through the 
ammeter to junction box terminal (2), through 
the 30-ampere fuse, through the bus-bar to (4), 
thence back to terminal (B) on the apparatus box, 
up through the current coil of the cut-out, through 
cut-out points (P), through ground (X) (dotted 
lines) to (A), thence to the (—) terminal (A) of the 
generator main brush. 


Battery discharge circuit: When the generator is 
slowed down and the voltage drops to less than the 
battery voltage (less than 614 volts), then the bat- 
tery will discharge back through the current coil of 
the cut-out in a reverse direction. While doing’so, 
the cut-out contact points (P) should open with the 
discharge from the battery through the current coil 
of the cut-out of less than 3 amperes. The circuit 
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is as follows: Start with the (--) grounded terminal 
of the battery, through the (+) grounded main 
brush of the generator, through the armature, to (A), 
to (A) on the apparatus box, up through the dotted 
lines and cut-out points (P), through the cut-out 
current coil (note that the current from the battery 
is now flowing in a reverse direction, thus demag- 
netizing the cut-out core), to (B), to (4) on the junc- 
tion box, to (2), then back to (—) terminal of the 
battery. 


Generator shunt-field circuit: Start with the (+) 
third brush at left, then through the four shunt-field 
coils (this is a four-pole generator) to the (F) 
terminal of the generator, thence to the (F) terminal 
on the “apparatus box,” through the regulator 
closed points (RP), down dotted lines to (A), thence 
to terminal (A) of the generator, to the (—) brush 
of the generator. Note that in this instance the 
generator field current is flowing around the regu- 
lator coils, and is, therefore, not generating too high 
an output. 


Purpose of the Voltage Regulator 


With a discharged battery, insufficient current is 
forced through the voltage coil of the regulator to 
cause the regulator vibrating points (RP) to operate. 
Hence these points remain closed, thus causing the 
generator to operate as a third-brush machine. 


As the battery approaches a condition of full 
charge (approximately 1.250 specific gravity or 
more), sufficient current is forced through the 
voltage coil of the regulator to cause contact points 
(RP) to open and to begin to vibrate. This action 
cuts down the field current of the generator, which 
in turn reduces the generator’s charging rate. This 


is a desirable condition when the battery approaches 
full charge. 
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The vibrating voltage regulator consists chiefly of 
an electro-magnet having three windings and a set 
of contact points (RP) normally closed, which can 
be opened by the magnetic influence of the current 
through the regulator voltage winding. 


The winding of the voltage coil consists of a large 
number of turns of fine copper wire around the core. 
This winding is connected directly across the main 
generator circuit. 


The two other coils consist of: first, a reverse 
winding consisting of a large number of turns of fine 
wire wound around the core in the opposite direc- 
tion to the voltage winding; and, second, the non- 
inductive winding having half its turns wound in 
each direction around the core. The reverse and 
non-inductive windings are in parallel with the 
contacts and add resistance to the field circuit when 
the contacts (RP) are open. This prevents the 
generator output from becoming excessive at high 
car speeds by weakening the strength of the gen- 
erator field. Arcing at the contacts is prevented 
by the non-inductive winding. 


The reverse coil of the regulator is balanced in 
ampere turns to counteract the action of the voltage 
coil and to allow the spring to close the contacts. 
This action is sluggish, owing to the high resistance 
of the reverse coil, so the non-inductive coil is con- 
nected in parallel with the reverse coil to cut down 
the resistance in the field-circuit. It has no mag- 
netic effect on the regulator core, but gives a high- 
speed action to the regulator armature, as the 
generator will build up more rapidly. 


To Test Opening of Regulator Points 


A reliable voltmeter must be used to check the 
voltage of the generator. Connect the voltmeter 
leads: one to the main generator terminal (A), and 
the other to ground. With the storage battery in a 
fully charged condition, or removed entirely from 
the circuit, a maximum voltage with the generator 
in operation should be 734 volts. Above this volt- 
age the regulator points (RP) will open and thus 
cause the resistance of the regulator reverse coil 
and the non-inductive coil to be cut into the field 
circuit. This reading should be checked at different 
engine speeds. Increasing the tension in the spring 
by means of the adjustment nut on the regulator 
will raise the voltage when points (RP) open, and 
decreasing the spring tension will lower the voltage. 

Cut-in voltage limits of the cut-out in the 
“apparatus box,” which is a part of the Pierce- 
Arrow equipment, are from 614 to 61% volts. 


Cut-out points open when the generator voltage 
is less than the battery voltage, and the battery 
should discharge back through cut-out current coil 
with less than 3 amperes. The correct amount 
shown on the dash ammeter (all lights off) should 
be approximately 4 amperes, as ignition is included. 


For cut-out adjustment, see page 409. 


Pierce-Arrow-Delco Ignition 


Refer to the wiring diagram, and note that there 
are two sets of tungsten contact-points on the circuit- 
breaker, as well as two distributors and two ignition 
coils. Hach set of contact-points is connected to 
separate coils. 


There are two sets of spark plugs: one set in the 
“exhaust side,” and the other set on the “intake 
side’ of the “T-head” type of engine with dual 
valves. Thus “double ignition” is provided, or 
either the “single” or “double” system may be 
operated by the ignition switch control. 


DYKE’S INSTRUCTION No. 35 


The double ignition is recommended, where two 
spark plugs are fired in each cylinder simultaneously. 
The result is an increase in power and greater mile- 
age per gallon of gas than if the single system is 
used. The reasons for this are explained on pages 
263 and 216. 


The single ignition system would probably only 
be used for testing out one system independently, 
or under special conditions where the storage battery 
might be badly discharged. It is therefore desirable 
to use no more battery current for ignition purposes 
than necessary, until the battery has been recharged. 


Automatic advance: The double distributor is 
equipped with a device which automatically 
advances the spark in proportion to the speed of 
the engine. 


Ignition switch: The ignition system is controlled 
by the three buttons (see wiring diagram) to the 
left of the key opening in the panel. The first, or 
the one marked ‘‘L,” when pulled out operates that 
ignition set terminating in the spark plugs on the left 
or inlet side of the engine. The button (R) controls 
the ignition set terminating in the spark plugs on the 
right or exhaust side of the engine. Each button 
operates the respective single systems. These 
buttons should only be used when the necessity 
arises to test out one system. 


The button marked (D) “double” operates both 
systems, and should be used at all times for starting 
and running purposes. 


_ The panel or switch key cannot be withdrawn unless all 
ignition switches are in the “‘off’’ position. 


To lock the ignition, push in all ignition buttons, turn the 
key to the right, and withdraw. 


Note that the switch panel can be locked with the “Aux” 
and instrument panel light (1) on. 


Ignition coil primary circuit (right coil): Start 
with the (++) terminal of the battery (GB), to ground 
(G2) of the upper contact-points of the contact- 
breaker, to the (+2) terminal of the right coil, 
through primary winding (P), to terminal (—1) of 
the coil, to the switch at (R), to (3), to (3) on the 
fuse block, thence to (2), to the ammeter, to the 
(+) terminal of the battery (if the battery supplies 
current for ignition), or to (4) on the fuse block, to 
(B) below the cut-out, through the cut-out series 
winding, to (X), to (A), to (A) on the generator, to 
the (—) brush of the generator (if the generator 
supplies current when charging the battery). 


_ Ignition coil primary circuit (left coil): The circuit 
is practically the same as for the right coil, except 
that the path is through the lower contact-points of 
the circuit-breaker, to the primary winding of the 
coil, to (L) on the switch, to (3), and thence as above. 

Note. If the systems (right or left coils) are used separately, 


the (L) switch button or the (R) switch button is used, Tf 
both coils are used, then the double switch button (D) is used, 


Note that there are two condensers, one for each 
set of contact points, which are connected across 
the primary circuit. 


The secondary circuit is from the secondary coil 
(S) to the distributor, through the spark plugs to 
ground of the engine, to grounded end (G) of the 
secondary winding. 


See Figs. 8 and 9, page 216, for an illustration 
of the Pierce-Arrow double ignition distributor, and 
pages 217, 220, and 221, for “Ignition timing.” 


Breaker points are set for an opening of .018” to 
027”; spark-plug gaps, -030”, or about 1/32”; size 
of spark plug, 7%” A.L.A.M. 


DELCO ELECTRIC SYSTEMS 


Pierce-Arrow Starting Motor 


The starting motor is a separate unit on the 
Pierce-Arrow, as well as in the Marmon, and many 
other Delco systems. 
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Fig. 16. Delco-Pierce-Arrow starting motor. The word 
“brake” refers to the black section shown above the words 
“shifting ring.” 


Some unusual features of construction are incor- 
porated in the starting motors used on Pierce-Arrow 
passenger cars and trucks. Both starting motors 
are identical, except for the starting pinion housings, 
which are designed with the flywheel openings on 
opposite sides, the passenger car motor being 
mounted on the right side of the engine, and the 
truck motor on the left side. 


This motor, shown in Fig. 16, employs a mechani- 
cally operated pinion shaft, shifting the starter 
pinion in and out of mesh with the flywheel. The 
same shift lever operating the starter pinion also 
raises and lowers the grounded set of brushes, thus 
taking the place of a starting switch. The shift 
lever in turn is operated by the starting pedal 
located on the floor boards in front of the driver. 


When the starting pedal is pressed down, the lever 
moves the starter pinion along the splined shaft into 
mesh with the flywheel, and at the same time lowers 
the two grounded motor brushes on to the commu- 
tator, closing the circuit and causing the motor to 
revolve. The design is such that the pinion teeth 
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engage with the flywheel teeth before the brushes 
touch the commutator. 


To provide for the few occasions when the starter 
pinion teeth butt squarely against the flywheel teeth 
to prevent immediate meshing, a compression spring 
within a cup housing is attached to the pinion and 
mounted on the splined shaft. 


When the pinion does not mesh, the control lever 
moves on, compressing the spring until the brushes 
are lowered to the commutator. Then with the 
slightest motion of the shaft the pinion moves 
enough to clear the flywheel teeth, and the com- 
pressed spring instantly forces it into mesh before 
the motor can turn fast enough to cause clashing, or 
damage to the gear teeth. 


There is an over-running clutch of special design 
between the pinion shaft and the armature shaft. 
When the engine starts running, the pinion shaft 
over-runs and prevents the motor armature from 
being driven by the engine at a dangerously high 
rate of speed. 


The brake shown at the inner end of the splined 
shaft in Fig. 16 causes the armature to come to rest 
almost instantly when the starter pedal is released, 
permitting the operator to make a second application 
of the starting motor without delay, if necessary. 


There is only one motor terminal, and to this, 
connection is made direct from the negative terminal 
ae battery, using very heavy starting motor 
cable. 


The very small spring and plunger located on the 
inner face of the flange of the small gear on many of 
the Bendix drives should not bear excessively against 
the spiral shaft lest the proper movement of the 
gear be prevented. Should the small spring around 
the plunger become weakened, the gear will occasion- 
ally jingle against the flywheel teeth while the engine 
18 operating. 

The driver should operate the starting motor in cranking 
the engine only when the ignition spark has been retarded. If 
the engine for some reason only runs for a second or two after 
the first application of the starting motor, be sure to wait until 
the engine flywheel has ceased rocking backward and forward 
and has come completely to rest before applying the starting 
motor the second time. Observance of these two rules_ will 
very largely eliminate breakage of starting motor gear housings. 


DELCO ELECTRIC SYSTEM ON THE ESSEX MODEL “A”’ 


Separate starting motors and generators are used 
on the Essex and Cole, but cut-outs are not used. 
The motor brushes serve as a starting switch. 


Electric system: This is the Delco three-unit 
single wire system. The starting motor drives 
through the flywheel and a mechanically shifted 
pinion is used. In place of a starting switch, the 
motor brushes are used instead (explained below). 


The generator is driven from the right side of the 
engine, and has the third-brush regulation. To 
change the output of the generator, shift the third 
brush; 16 amperes is maximum. 


Ignition: Delco closed-circuit timer and distrib- 
utor driven at one-half crank-shaft speed with 
automatic advance. The condenser and ignition 
resistance unit is mounted on the side of the timer. 


The adjustment of the timer gap is .018”; of the 
spark-plug gap, .030’’; the firing order is 1, 3, 4, 2. 


The ignition timing: Place the spark lever full 
advanced. ‘Turn the engine until No. 1 piston starts 
to come up on compression stroke and stop when 
the D.C, 1-4 mark on the flywheel is in line with 
the pointer on the flywheel of the engine. Then 


loosen the timer adjustment screw in the center of 
the distributor shaft and turn the breaker cam so 
that the rotor button will be in position under No. 1 
high-tension terminal, or that which leads to No. 1 
cylinder, when the distributor head is down in 
place. Locate the breaker cam carefully in this 
position, so that when the slack in the distributor 
driving gears is rocked forward, the contacts will 
be opened by the breaker cam, and when the slack 
in the gears is rocked backwards, the contact will 
just close. 


For the valve timing, see the Index. 


Owing to the wearing to a seat of the fiber rubbing block of 
the contact-breaker arm against the cam, the contacts will 
require one or two adjustments during the first season’s driving, 
after which no attention is necessary. ‘The timing contacts are 
of tungsten metal, and are very hard. They should require no 
attention other than to maintain the proper adjustment. 


Essex-Delco Circuits 


Starting motor: From the (+) terminal of the 
battery (Fig. 17), to the series parallel field windings 
of the starting motor, to the (+) brushes, through 
the armature, to the (—) brushes, to (—) ground of 
the battery. 
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Instead of a starting switch, the motor brushes 
are lowered to the commutator when starting, and 
are raised after starting by the action of the starting 
pedal. 


When the starting pedal is depressed it performs 
two distinct operations. The first of these takes 
place when the button is part way down, at which 
time the starter gear mounted to the rear of the 
starting motor is caused to mesh with the flywheel. 
The second action occurs when the pedal is all the 
way down, bringing the motor brushes in contact 
with the motor commutator, thereby closing the 
circuit and energizing the motor, which results in 
the revolving of the armature and the consequent 
cranking of the motor through the over-running 
clutch and thence through the flywheel. Release 
the starting button as soon as the engine starts. 


The brushes on this motor are of a special composition, and 
must not be replaced with brushes of any other material, as this 
is almost sure to lower its efficiency very materially. Neither 
the brushes nor commutator should be lubricated, as lubrication 
of the commutator with a compound of any kind is almost sure 
to cause the brushes to fail to make contact at all, or at least 
to make insufficient contact to permit the cranking operation. 


Generator shunt-field circuit: From the (+) 
main brush to (A), to (2), to (8), to (F), through the 
shunt field windings, to the (—) third brush. 


A cut-out is not used on the Essex. See page 387, 
explaining the reason why it can be eliminated. 
The explanation on page 387 is for a Deleo motor- 
generator, whereas the Essex generator is separate 
from the motor; however, the principle is the same. 


Generator charging circuit: From the (+) brush, 
to (A), to (2), to (1), to the ammeter, to the (+) 
battery, to the (—) battery ground (GB), to the 
(—) main brush of the generator (G). 


3 Ignition primary circuit (from the battery when 
starting): From (-+-) of the battery, to the ammeter, 
to (1), to (3), to the ignition coil primary winding, 
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to ignition resistance unit (R), to contact-breaker 
points, to ground (G), to (—) ground of the battery. 


Ignition primary circuit (from the generator after 
the engine is running at sufficient speed for the 
generator to charge the battery): From (+) of the 
generator, to (2), to (8), and over the same path 
as in the preceding paragraph. 

Note. The ammeter shows the ignition current on the ‘‘dis- 
charge’’ side (also lights, etc.) used from the battery. It shows 


on the ‘‘charge”’ side only, the current going from the generator 
to the battery when the generator is charging the battery. 


Secondary ignition circuit: From the secondary 
coil winding, to the distributor, to the spark plugs, 
to ground, to ground of the generator or battery, to 
(3), to the other end of the secondary circuit. 


The condenser is placed across the ignition con- 
tact-breaker points. 


The lighting circuit, when from the generator, is 
from (2) to (1), and when from the battery, from 
(1). The circuit-breaker of the vibrating type is 


placed in series with the lighting circuits. The 
purpose is explained on page 391. 
The combination switch is located in the cowl. It 


is for the purpose of controlling the lighting and 
ignition circuits, and the circuit between the genera- 
tor and storage battery. . The lever (I) on the left 
controls the ignition and generator circuit. The 
lever on the right (L) controls the lights and: has 
three positions, “off,” “dim lights,” and “bright 
lights.” The cowl and tail lights are lit when the 
headlights are either dim or bright. 


By controlling the circuit between the generator 
and storage battery with the ignition switch lever, 
an automatic cut-out, which is commonly used for 
this purpose, is not required. The ignition button 
should never be left in the “on” position when the 
engine 1s not operating, as the storage battery would 
run down. 
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DELCO ELECTRIC SYSTEM ON COLE MODEL 870 (1921); SEPARATE STARTING MOTOR 
. AND GENERATOR; CUT-OUT NOT USED ye 


The generator and motor are separate units. The 


circuits are as follows: 


Starting motor circuit: From (+) of the battery, 
to switch (S), to the two series-parallel field wind- 
ings, to the (+) brushes, to the (—) brushes, 
through the two field coils, to ground, to (—) 
ground of the battery. 


Generator field circuit: From the (++) main brush 
to the shunt field coils, to the third brush (3B). 


Generator charging circuit: From the (+) main 
brush, to (6), to (5), to the ammeter, to (+) of 
the battery, to the battery (—) ground, to the (—) 
grounded brush (GG) of the generator. 


CIRCUIT BREAKER 


ANMETER. 

72 Motor 
153 Generator 
1154 Comb.Switch 
1966 Motor Switch 


2127 Ignition Coil 


Fig. 18. 


ADJUSTING GENERATOR CHARGING RATE ON DELCO GENERATORS 


The charging rate may be increased by moving 
the third ‘brush in the same direction as the arma- 
ture rotates; or in the opposite direction, to decrease 
the rate. . 


An ammeter should be connected in the charging 
circuit and shouid be carefully observed while the 
engine. is gradually speeded up, and the maximum 
rate noted. With all lights off, the charging rate 
should not, in any case, exceed 16 amperes. 


In some instances the charging rate is too high, 
yet the driver ‘of the car does not complain in regard 
to the charging rate. His complaint is on the short 
life of the lamps, and the necessity of frequent addi- 
tion of distilled water to the storage battery. 


It is possible to adjust the charging rate to give 
satisfactory results, by studyig the driving condi- 
tions of individual cars. 


(ERITION CORES 


Primary ignition circuit: From (6) if the generator 
is supplying current, or from (5) if current is supplied 
from the battery, to (7), to primary winding (P), 'to 
the resistance unit, through the two contact-breaker 
points connected in multiple, to ground (G), to 
ground (GG) of the generator, or to ground of the 
battery. 


Secondary ignition circuit: From the secondary 
winding of coil (S), to the distributor, to the spark 
plugs, to ground, to ground of the generator, or of 
the battery, to (X) on the coil, where the primary 
and secondary circuits connect. 


The circuit-breaker is of the vibrating type. 
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Wiring diagram of the Cole (1921) model ‘'870”’ using the Northway ‘‘M-309” engine. 
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To adjust the position of the third brush on 
generators applied to Cadillac and Marmon models, 
first remove the cover band over the generator 
brushes. Loosen the clamp nut on the front end of 
the generator one or two turns. To increase the 
charging rate, turn adjusting screw (Fig. 19) slightly 
in a clockwise direction, which shifts the third brush 
in the direction of the armature rotation. ‘The 
reverse operation decreases the charging rate. After 
adjustment is complete, tighten the clamp nut 
securely. Make sure that all brushes are well 
seated. ; 


When the position of the third brush is changed, 
it is necessary to reseat the brush on the commutator 
to obtain the maximum true charging rate. To 
refit the third brush, place a strip of fine sandpaper 
or sand-cloth, having a width slightly greater than 
that of the brush, around at least half of the commu- 
tator, with the rough side next to the brush. Draw- 
ing the sandpaper back and forth a few times will 
properly seat the brush. Never use emery cloth 
(explained farther on). 


The design of many of the generators is such that 
in adjusting the third brush, the brush arm on the 
inside of the generator is moved after loosening two 
adjusting screws as in Fig. 20. Certain of the later 


type generators (Fig. 21) are provided with a plate 
on the end of the generator which can be moved 
within certain limits after loosening the three adjust- 
ing screws. An arrow on this bearing retainer plate 
through which the screws pass indicates the direction 
in which the brush is to be shifted to increase the 
charging rate. 
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Fig. 21. Separate generator (motor not attached) as used 


on Marmon, Moon, Jordan, and Westcott cars, 
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Procedure of adjustment (Fig. 21): The charging rate can 
be changed by loosening the three screws holding the third- 
brush plate, as shown in the illustration, and by shifting the 
brush in the direction of rotation of the armature to increase 
the charging rate, and against the rotation to decrease the 
charging rate. Inno case should the ammeter indicate a charg- 
ing rate in excess of 14 amperes when the generator is hot; as 
this rate is beyond the capacity of the generator, serious damage 
will result. Whenever the third brush is moved in either direc- 
tion it should be fitted to the commutator by sanding the 
brush with fine sandpaper between the brush and the commuta- 
tor, with the sand_side next to the brush. If this is not done, 
the brush will fit the commutator imperfectly and the charging 
rate will be lower than when the brush fits properly. 


Explanation of Delco Third-Brush Regulation 


The voltage generated by the generator varies 
directly with the speed of the armature. In order 
to maintain a nearly constant voltage with variable 
speed, it becomes necessary to decrease the magnetic 
field as the speed increases. 


Since the magnetic field of the generator is pro- 
duced by the current in the shunt-field winding, it 
is evident that should the shunt-field current 
decrease as the speed of the engine increases, the 
regulation would be affected. In order to under- 
stand this explanation fully it must be borne in 
mind that a current of electricity always has a mag- 
netic effect, whether this is desirable or not. Refer- 
ring to Fig. 22, the theory of this regulation is seen 
to be as follows: The full voltage of the generator is 
obtained from the large brushes (C) and (D). When 
the magnetic field from the pole pieces N and S is 
not disturbed by any other influence, each coil is 
generating uniformly as it passes under the pole 
pieces. The voltage from one commutator bar to 
the next one is practically uniform around the 
commutator. 


SHUNT FIELD WINDING WHICH 
PRODUCES THE MAGNETIC FIELO 


hes Explanation of the third-brush principle (see also 
Therefore, the voltage from brush (C) to brush 
(E) is about 5 volts when the total voltage from 
brush (C) to brush (D) is 614 volts, and 5 volts is 
pe porns shunt-field winding. This 5 volts is 
sulmcient to cause approximately 114 amperes t 
flow in the Shunt sald winding, ae Saran 


As the speed of the generator is increased the 
voltage increases, causing the current to be charged 
to the storage battery. 


This charging current flows through the armature 
winding, producing a magnetic effect in the direction 
of the arrow (B). This magnetic effect acts upon 
the magnetic field which is in the direction of the 
arrow (A), with the result that the magnetic field is 
twisted out of its original position in very much the 
Same manner as two streams of water coming: 
together are each deflected from their original direc- 
tions (termed “armature reaction,” see page 361) 
This deflection causes the magnetic field to be strong 
at the pole tips, marked (G) and (F), and weak at 
the opposite pole tips, with the result that the coils 
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generate a very low voltage while passing from 
the brush (C) to the brush (E) (the coils at this 
time are under the pole tips having a weak Sate 
and generate a, greater part of their voltage while 
passing from the brush (E) to (D). The amount 
of this variation depends upon the speed at which 
the generator is driven; with the result that the 
shunt-field current decreases as the speed increases, 
thus holding the output of the generator constant. 


Regulating Charging Current (Delco) 


The output of these generators can be increased 
or decreased by changing the position of the regulat- 
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ing brush. Each time the position of the brush is 
changed it is necessary to sandpaper the brush, so 
that it fits the commutator. Otherwise the charg- 
ing rate will be very low because of the poor contact 
of the brush. The charging current should be 
carefully checked, and in no case should the maxi- 
mum current on this generator exceed 22 amperes. 
Also careful watch should be kept on any machine 
on which the charging rate has been increased, to 
see that the generator is not being overloaded. 


Considerable variation in the output of different 
generators will be obtained, as the output of the 
generator is affected by temperature and battery 
conditions. 


AMMETER, DELCO COMBINATION SWITCH, AND CIRCUIT-BREAKER 


Ammeter: On the later models of cars the 
ammeter is not incorporated with the lighting and 
ignition switch, but is mounted in the cowl sepa- 
rately, as will be noticed in the circuit-wiring dia- 
grams of some of the 1921 Delco systems. 


This instrument is for the purpose of indicating 
the net amount of current that the generator is 
supplying to the storage battery when the engine 
is running, and indicates the amount of current that 
the battery is furnishing for lights when the engine 
is not operating. 

If the ammeter hand remains on the ‘‘discharge’’ side of the 
scale, and vibrates violently at each revolution of the armature 
during the motoring of the generator, and when the engine is 
running at low speeds, it is conclusive evidence that the arma- 
ture has either a ground, open coil, or a shorted coil. 

Combination switch: Although the appearance 
of the different combination lighting and ignition 
switches may vary, their internal construction and 
operation in controlling the charging, ignition, and 
lighting circuits is quite similar. 

On those cars whose equipment does not include 
a cut-out relay the ignition switch controls both the 
charging and ignition circuits, through the same 
switch lever. In these cases, therefore, the ignition 
switch completes the circuit between the storage 
battery and the generator. It should therefore 
always be in the “off” position, except when starting 
or when the engine is running, as otherwise the stor- 
age battery would discharge through the generator 
windings and ignition circuit. 


Cars not equipped with two large and two small 
headhght bulbs carry a dimmer resistance unit on 
the back of the switch. 


The switch levers can be securely locked by Yale 
or Sargent locks. The majority of ignition switches 
carry the circuit-breaker on the back of the switch. 


The ignition and lighting switch used on Pierce- 
Arrow cars (see page 403) carries a large round but- 
ton at the top of the switch connected with a plunger 
which extends through the back of the switch about 
six inches. The plunger engages the starting switch 
which is not a part of the Delco equipment. 


The starting switch is mounted on the back of the 
ignition and lighting switch. 

The circuit breaker assembly on the systems used 
on Cadillac (page 396) and Marmon (page 400), 
Lincoln and Lafayette cars includes the lock-out as 
well as the vibrating type. Such accessories as the 
horn, trouble lamp, and tonneau light are as a rule 
placed on the circuit protected by the lock-out 
circuit-breaker. See page 392. 

If a ground occurs, the points of the lock-out 
circuit-breaker remain open until the ground is 
removed. ‘This action is controlled by the use of an 
additional small coil around the core of the circuit- 
breaker through which will pass a sufficient amount 
of current to magnetize the core sufficiently to 
keep the points open after they have been sep- 
arated. 


DELCO CUT-OUT (1921 TYPE) 


As stated, a cut-out is not used with Delco motor 
generators for reasons stated on page 387. 

On Delco generators which are separate from the 
motor, as two and three-unit systems, as on the 
Marmon and Pierce-Arrow, Westcott, Moon, Jordan 
and other cars using the separate generator (see 
Delco wiring diagrams), the cut-out is used. 

The cut-out consists of a set of magnetically 
operated contacts that are held open by a tension 
spring and closed magnetically. When the engine 
is not running the contacts should be open. They 
are open also when the speed of the generator 1s too 
low to enable it to charge the battery. 

Around the core of the magnet is a double winding 
consisting of a voltage coil of a large number of turns 
of very fine wire, connected across the generator 
terminals, and a current or series coil made up of a 
few turns of very heavy wire. 

The current coil is connected in the charging cir- 
cuit in series with the contacts, and is energized only 
when the contacts are closed, The actual closing 
of these contacts is caused by the magnetism created 
by the voltage coil, or fine winding, when the genera- 
tor operates at sufficient speed to charge the battery. 


Adjustment of Delco Cut-Out 


Should adjustment become necessary, the follow- 
ing directions should be carefully followed: 


1. The air gap (S) (Fig. 23) between the armature 
(A) and the end of the core should be .025”’ to .035” 


TO BATTERY 


VOLTAGE WINDING 
TO FRAME “F* 
VOLTAGE WIND INGY 


SERIES OR CURRENT 
WINDING 
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FROM CUTOUT, GROUNDED To GEN,» p 


Tig. 23. Delco 1921 type of cut-out. 
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when the contacts are closed. Secure this adjust- 
ment by properly bending with a pair of pliers the 
easniie blade attached to the outside point of (P). 
This adjustment is important, as the amount of the 
air gap largely governs the ‘‘cut-in’’ point. 


2. The gap between the contacts (P) is automati- 
cally taken care of by the adjustment of the air gap. 
This gap is .046”’ to .062’”” when the points are open, 
and it can be adjusted by bending the brass stop (B). 
Contacts should meet squarely, and the brass blade 
carrying the moving contact should be straight and 
parallel with the surface of the armature (A). 


Fig. 24 


To clean the contacts or square them up, a strip of 
fine sandpaper should be drawn between the contacts 
while they are lightly closed by hand. The end of 
the blade carrying the moving contact may be pre- 
vented from rubbing inside of the relay cover by 
grinding or filing off the end of the blade to a point 
1/64” from the side of the contact. 


3. In checking the voltage at which the cut-out 
relay points close, use a voltmeter capable of indi- 
cating at least 10 to 15 volts. Connect one of the 
voltmeter leads to the terminal (X) (Fig. 23) and 
the other lead to the cut-out relay base, or generator 
frame. If the needle of the voltmeter deflects in 
the wrong direction, reverse the voltmeter lead 
connections. 


4. Slowly speed up the engine and observe the 
voltmeter reading. The contacts should close at 
7 to 8 volts on all relays, except those on Pierce- 
Arrow equipment, which are adjusted to 614 to 61% 
volts. Any necessary adjustment should be made 
by bending the lug (L) slightly (a thumb-nut adjust- 
ment is provided on the springs of the earlier relays 
of this type). Increasing the spring tension will 
raise the ‘‘cut-in’’ voltage. Decreased tension 
lowers it. An ideal adjustment is an air gap as 
small as the limits will permit, so that there will be 
an appreciable tension in the spring. 


5. The cut-out relay contacts should be closed 
above a car speed of approximately 6 to 8 miles per 
hour in high gear, or a correspondingly lower speed 
in lower gears. 


6. Contacts should separate with the discharge 
from the battery through the relay at less than 3 
amperes. The correct condition will be indicated 
by the ammeter on the cowl indicating approxi- 
mately 4 amperes with all lights off. This reading 
includes current used for ignition which does not 
pass through. the relay. hus 


As soon as the cut-out relay contacts close, the 
ammeter-on the dash should indicate that the 
generator is beginning to charge the battery. 


If it becomes necessary to drive the car in high 
gear at a speed materially faster than 7 to 9. miles 
an hour before the ammeter shows, by indicating 
a “charge,” that the relay points have closed, do 
not judge conclusively that the cause is a defective 


relay or that its adjustment is incorrect. The real 
cause of the trouble may be an oily generator com- 
mutator resulting from excessive lubrication of the 
generator bearings. This condition may prevent 
the generator building up sufficient voltage to close 
the relay contacts, though the relay be in perfect 
condition and adjustment. 


Before making any changes in cut-out relay 
adjustment, clean the generator commutator care- 
fully of any oil, grease, or black greasy coating, and 
examine the spring tension and seat of all generator 
brushes, particularly the third brush. If the 
generator is given this attention without any 
improvement in the performance of the cut-out 
relay resulting, the cut-out may then be carefully 
adjusted in accordance with previous instructions. 


Should a considerable amount of trouble be 
experienced on an individual generator through the 
presence of an oil film on the commutator, it may 
be necessary to install a new third brush to eliminate 
the effect of excessive oil onthe commutator. Take 
care to avoid excessive lubrication of the generator 
bearings; three or four drops of oil in each oiler 
every 500 miles is sufficient. 


Delco 1920 Cut-Out 


Should the cut-out not operate properly, the volt- 
age at which the contacts close should be checked. 


CONTACT POINT 
SEPERATION 


Bao 


CONNECTS 
TO INSULATED 


BRUSH 
SPRING 
ADJ. 
NUT TO GEN. 


Big. 25: 


1920 type of Delco cut-out. 
same as in Fig. 23. See Fi 
mounted on top of the generator; see also the wiring diagrams 
of the Marmon. 


The rinciple is the 
Fig. 12, page 400, s owing cut-out 


The contacts should close, completing the circuit 
between the generator and storage battery, when 
the voltage of the generator reaches approximately 
714 volts. This can be checked by connecting a 
voltmeter to the terminal on the cut-out (Fig. 25) 
marked ‘connect to insulated main generator 
brush,” the other side of the voltmeter bein con- 
nected’so as to'make a good contact with the 
generator frame at some point. By slowly increas- 
ing the engine speed, the voltage should gradually 
increase to approximately 714 volts, and the contacts 
should. then close. With ‘the contacts open there 
should be a separation of from .046’ to .062”’. 


The cut-out can be adjusted by tightening or 
loosening the spring adjustment nuit as the occasion 
demands, fh 


Seating and Sanding Delco Brushes to the 
Commutator 


This subject is treated farther on. See Index. 
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A STUDY OF LEADING ELECTRICAL STARTING AND GENERATING 
SYSTEMS: Pointers for Studying Electric Systems; Wiring Diagrams! 


POINTERS FOR STUDYING ELECTRIC SYSTEMS 


The fundamental principle of the starting and 
generating systems has been treated in the pre- 
ceding instructions. If the reader will master the 
principles as laid down in the foregoing pages, it 
will not be a difficult matter to understand any and 
all systems, because each system embodies one or 
more of the principles explained. Although the 
methods of operation or construction may vary, the 
purpose remains the same. 


The external parts of the electric system consist of: 


. Battery. 

Generator. 

. Ignition system. 

. Starting motor. 

Switches: starting, ignition, and lighting. 

. Lamps. 

. Wiring system: the ‘‘single-wire’” or the ‘‘two- 
wire” system. 

. Horn (electric), and push button. 

. Fuses. 
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The “single-wire’’ system is where one insulated 
wire is used and the frame of the car is used for the 
return circuit. This system is used most, and hence 
it will be noted in diagrams following. 


The ‘‘two-wire’’ system is where there is no ground 
to the frame, but two insulated wires are used. 


Although there are many different makes of cars, 
there are only a comparatively few different makes 
of electric systems, and each of the different cars 
uses one or a combination of these systems 


1Tt is impossible to show wiring diagrams of all cars.» See 
the advertisements on the wiring diagram book and the Service 
Manuals in the advertising pages of this book. 


_ The specifications of leading cars (see Index) will 
give the make of the particular electric systems that 
are used on the different cars. 


The ignition system on a car is usually one of the 
following makes: Delco, Remy, Westinghouse, 
North East, Atwater-Kent, Connecticut, K-W 
Ignition Company, which employs the battery and 
coil system. This latter is explained under the 
head of “Tgnition.”’ 


If magneto ignition is used, it will be of one of 
the makes mentioned in the list of magneto manu- 
facturers (see Index). The K-W is a very popular 
magneto ignition used on trucks and tractors. 


The ignition system most used is the battery and 
coil system. The interrupter is either an “open- 
circuit” or “closed-circuit”? type, the latter being 
the most generally adopted system. Some few 
manufacturers of passenger cars use magneto 
ignition in addition to the coil and battery. Mag- 
netos are used extensively on trucks and tractors. 


Storage battery makes are the Exide, Vesta, 
Willard, Prest-O-Lite, U.S.L., Philadelphia, Wither- 
bee, and several others. Some of the car manu- 
facturers use 12-volt or 24-volt batteries, but most 
of the systems are 6-volt. 


Electric starting motors and generators are usu- 
ally of the Delco, Remy, U.S.L., Westinghouse, 
Bijur, Simms-Huff, North East, or other makes. 
The two last mentioned, and the Delco, have the 
motor and the generator combined in one unit. The 
motors and generators are also manufactured sepa- 
rately. The U.S.L. also produces a motor-generator. 


The generator is either a plain shunt-wound 
generator, with an external electromagnetic principle 
of regulation, or a third-brush-regulated generator, 
or a combination of a third-brush and electromag- 
netic regulation. The third-brush-regulation prin- 
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the generator is driven by gears from the crank shaft of the engine. 


on the generator and are driven from the armature shaft. 
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ciple is used most. The Remy and Delco use a 
thermostatic control (see pages 362, 395) in connec- 
tion with the third-brush regulation on some of their 
systems. 


Ground connection of generator and battery. If 


the positive (+) terminal of the battery is grounded 
to ihe frame of the car, then the (+) terminal of 
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the generator must also be grounded. Likewise, if 
the negative (—) terminal of the battery is grounded, 
then the (—) terminal of the generator must be 
grounded. Most manufacturers ground the nega- 
tive (—) terminal of the battery and generator. 
The Westinghouse Co. grounds the positive (+) 
terminal in a number of its systems. 


HOW TO STUDY WIRING DIAGRAMS 


Electrical symbols: Before studying the different 
diagrams, the reader should become thoroughly 
familiar with the electrical symbols and abbrevi- 
ations, as illustrated and described; for instance, the 
sign which denotes a “ground,” or that which stands 
for a “storage battery,” or for the point where ‘‘wires 
connect” or “pass over each other.”” They will be 
used quite freely in these instructions, as will also 
many of the other signs. The symbols vary 
slightly with the different manufactures of cars. It 
is also advisable to refer to page 415 for the ad- 
dresses of the leading manufacturers of electrical 
systems. If the explanations are not clear, their 
catalogs will no doubt be of assistance. 


In the illustration below, each symbol is num- 
bered. The explanation of each is given with its 
appropriate number against it. 
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Fig. 2. Electrical symbols 


Electrical Symbols and the Terms Applied to 
Them 


. Positive terminal, the point at which the elec- 
tric current starts to flow. 


2, Negative terminal, the point to which the elec- 
trical current returns. 


— 


3. Ground, where connection is made to metal, as 
the frame of the car, the engine or generator 
frame, ete. 


4. One cell of a battery: A term usually applied to 
cells of a storage battery. The short black line 
represents the negative (—) terminal, and the 


long line the positive (+) terminal. On a dry 
cell the positive plate is the carbon, and the 
negative, zinc. On a storage-battery cell there 
are usually several positive and several nega- 
tive cells, but this symbol represents the ter- 
minals of each group. Each storage-battery 
cell gives 2 volts when charged. 


. Three cells of a storage battery connected in 
series: Note that there are three sets of nega- 
tive and positive terminals or cells. Thus this 
would represent a 6-volt storage battery. 


6. Six cells of a storage battery connected in series: 
12 volts. Note the (+) terminal of this bat- 
tery of six cells grounded at the end cell. 


or 


7. Three cells of a storage battery connected in 
series: 6 volts. Note that the terminal of one 
end of this battery is grounded. 


8. Dry cells: The illustration shows three con- 
nected in series. (C) is the carbon or (++), and 
(Z) is the zine or (—). 

9. Wires connected. 

10. Wires crossing, but not connected. 


11. Coil: 
coil. 


Could represent a field-coil, or ignition 
Supposed to surround an iron core. 


12, 13, 14. High and low-tension ignition coil wind- 
ings: There are several methods of showing the 
primary winding (P) and the secondary winding 
(S), as, for instance, those shown by 12, 13, and 
14. The two windings are usually shown 
separate, although they are wound on one core. 
The current is induced into the secondary by 
lines-of-force produced by the primary winding, 
and there is no metallic connection between the 
primary and secondary windings. The second- 
ary is a much finer wire, and consists of several 
thousand turns, whereas the primary has only 
a few hundred turns of heavy wire. 


15, 16. Condenser: Placed across the coil points 
to absorb the spark when the points separate, 
and to permit the discharge back through the 
primary coil to demagnetize the core, 


17. Contact-points: Usually refers to the cut-out 
or regulator points; also refers to the contact- 
breaker points. 


18. Interrupter or contact points (as used by Delco): 
The Remy Co. uses this symbol to designate the 
spark jumping a gap at the spark-plug points, 
or at the safety-gap on an ignition coil. 


1), Interrupter or contact-breaker: A method used 
by Delco. Note the “interrupter points” (18); 
ae the “condenser” (15), and ne “oround” 

20. Distributor of high-tension ignition current to 
spark plugs: (B) connects with the secondary 
terminal of the coil, and a high-tension current 
is distributed to the spark plugs and jumps the 
gap of the spark plugs (gap represented at S), 
then flows through the metal part of the engine 
back to the grounded secondary terminal, 
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21. Lighting switch. 


22. Delco sparen and lighting switch, as used on 
some of the Delco systems. 


23. Double switch, of the same type. 


24. Remy lighting and ignition switch of the “‘pole- 
changing” type. Lighting switches (L) at left, 
with dimming resistance (R). Ignition switch 
(I) at right represents a “‘pole-changing” type 
of switch (see Index). Note the “ground” on 
the side of the switch case. 


25. Starting-motor switches. 


26. Cut-out: Also called a relay, with two _wind- 
ings. The “voltage or shunt” winding (V) is a 
winding, and is always placed across the circuit. 
The ‘‘voltage winding” of a cut-out can be 
found by noting that it has more turns of wire 
than the “series” or ‘‘current winding.” The 
series or current winding (S) has a less number 
of turns and is a coarser wire and is always 
placed in series with the charging circuit. 
Cut-out windings are often on one core. 
Sometimes they are on two cores. The illus- 
tration shows two coils, or windings, on two 
separate cores (model 264-D Remy). 


Regulator winding: This is usually on one 
core and is a single winding. It is always 
placed in series with the ‘‘shunt-field winding.” 
Tf it consists of a coarse heavy wire, this indi- 
cates that it regulates the current output; if it 
consists of a fine wire winding, this indicates 
voltage regulation. 


27. Resistance coil. : 

28, 29. Resistance coil for dimming lights. 

30. Resistance divided into two paths. 

31. Resistance which can be varied. 

32, 33. Lamp bulbs: Note that one side is grounded. 
34, Fuse mounted on a fuse block. 


35. Commutator and brushes for either a generator 
or a motor. 


36. Series-connection of field-coils, with commu- 
tator and brushes of a motor or generator {inter- 
nal circuit). The series connection is generally 
used on motors. If (G) appears as shown, it 
means that the connection is for a generator; 
if (M) appears in place of (G), the connection 
is for a motor. 


37. Shunt-connection field-coils, with commutator 
and brushes (G) of a motor or a generator. 
(Internal circuit.) Shunt windings are gener- 
ally used on generators; they are seldom used 
on motors for automobile work. (G) indicates 
generator, and (M), motor. 
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38. Magneto. 


39. Trailing pole tips are indicated by (TP). 
Leading pole tips are (LP). 

40. Same as 39; but since the armature (A) and the 
commutator (C) are in opposite positions, the 
order is changed. 

The “trailing” pole tip is the one (A) or (C) 
moves from. 

The “leading” pole tip is the one (A) or (C) 
moves to. 


Abbreviations Commonly Used to Represent 
Electrical Terms 

A: Ampere or Ammeter. 

AC: Alternating current. 

B: Brush; also used for Battery 

BAT: Battery. 

C: Current. 

C or COM: Commutator. 

CARB: Carburetor. 

C.E.M.F.: Counter-electromotive force. 

DC: Direct current (usually written d.c.). 


DIS. or DIST’R: Distributor. The word “‘distrib- 
utor’” is often used to express the inclusion of 
the interrupter and distributor in one unit. 


E.M.F.: Electromotive force. 

GB: Generator brush; also grounded brush. 

G or GEN: Generator. 

G or GRND or GR: Ground. 

HL: Headlights or lamps. 

ieee pete power (746 watts) (usually written 
BOs No 

I or IG: Ignition. 

IS. or IG.S: Ignition switch. 

INT: Interrupter. 

KW: Kilowatt (1,000 watts). 

L: Light, or lamps. 

LS: Lighting switch. 

M: Motor. 

MB: Motor brush; also main brush. 

N: North. 

RES: Resistance. 

S: South. 

S or Sec: Secondary. 

ST.M.: Starting motor. 

SEF: Series field winding. 

SHF: Shunt field winding. 

3B: Third brush. 


TRACING CIRCUITS OF WIRING DIAGRAMS 


The electric system should be divided into 
circuits as follows: 
1. Starting-motor circuit. 
2. Generator circuit. 
3. Ignition circuit. 
4, Lighting circuit. 

When tracing circuits, remember that the positive 

) terminal at the source of current is where to 
start. Ifa battery supplies the current, start at the 
(+) terminal. the generator supplies current, 
start at the (+-) brush or brushes of the generator. 


Tracing Starting-Motor Circuits 


See Fig. 3: The battery supplies the current, 
therefore start with the battery (+) terminal,thence 
to starting switch, to terminal (T) on the motor, to 
the field-circuit. In this instance the field-coils or 
windings on the four field-poles are connected in 
“series parallel.” The current divides when pass- 
ing into the field-coils, and flows through the two 
field-coils on each side, then to the (+) main brushes, 
through the armature, through the grounded (—) 
main brushes, to the grounded (—) terminal of the 
battery, thus completing the circuit. 
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Sometimes the (+) brushes are grounded instead 
of the (—) brushes. : 
of the battery would be grounded instead of the (—) 
terminal, and the flow of current would then be 
from the (+) grounded terminal of the battery to 
the (+) grounded terminal of the motor brushes. 


Sometimes the fields are grounded. In every 
instance, however, start with the (+) terminal of 
the battery where the source of current for the 
motor starts. 


Hig. 3. Starting motor of the four-pole type, with the field- 
coils conneeted in “series parallel.” 


Fig. 4. Starting motor with the field-coils connected in 


“series.” 


See Fig. 4: This represents a four-pole motor with 
straight “series” field-winding. If the (—) brushes 
are grounded (they are, in this example), then start 
with the (++) terminal of the battery. The (+) 
brushes are sometimes grounded. The usual 
method, however, is to have the (+) current flow 
to the field-windings in a motor, although this is not 
always the case. 


Tracing Generator Circuits 
There are three circuits to consider always: 
1. Field-circuit. 
2. Voltage coil cut-out. circuit. 
3. Battery charging circuit. 


The field-circuit is the winding around the field- 
poles, and is the circuit through which current passes 
to build up the magnetic lines-of-force around the 
field-poles. There is a slight amount of magnetic 
lines-of-force in the iron poles to start with (called 
“residual magnetism”); therefore as the armature 
revolves, it generates current from, the lines-of-force 
and part (about 10 per cent) of the armature current 
flows through the field-windings. The faster the 
armature revolves, the greater the strength of the 
current in the field-coils; therefore the regulation of 
the field-circuit at, high speed by cutting down the 
current in the field-coils ig important, otherwise 
the armature would generate too great an output, 


Under the subject of “generator regulation” this 
subject is fully treated. Three principles are 
involved: 


il Compound field, (two windings and inherent 
regulation), bor mete Ale 
. Shunt field, with external regulation system, 


3. Shunt field with a third-brush or inherent regula- 
tion, 


9 
4 


In this case, the (++) terminal ° 
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1. The compound-field regulation is explained on 
pages 354, 355, 356. There would be two field- 
circuits to trace. 


2. The straight “shunt-field” generator with an 
electromagnetic type of voltage! regulator is shown. in 
Fig. 5: The “shunt-field-circuit”’ would start with 
the source of current, which is the (+) main brush 
of the generator, to the regulator blade (H), to 
points (E), through the field-coils, to the (—) brush 
of the generator. If the generator speed is high, 
the points (E) will open and resistance (M) will be 
cut into the field-circuit, thus weakening it, through 
the generator speed producing a high voltage 
through the voltage winding (H). 


psa euittag CUT-OUT 


eer 


Shunt-field 
voltage regulation. 


Big: generator using an electromagnetic 


The cut-out “voltage winding” circuit (V) is from 
the (+) main generator brush, back to the (—) 
main brush. This would be the next circuit. This 
builds up magnetism around the cut-out core. 


The charging circuit to the battery is the next cir- 
cuit, which is from the (+-) main brush of the gener- 
ator, through the blade and points of the cut-out, to 
the cut-out series or “current” coils (S), to the (+) 
terminal of the battery, to the (—) terminal of the 
battery, to the (—) main brush of the generator. At 
high speeds the voltage increases. Thus the regula- 
tor winding (H) exerts a magnetic pull on the blade, 
opening points (E). The shunt-field-circuit then 
has resistance (M) inserted in its circuit which 
reduces its strength. 


3. A third-brush regulated generator with a cut- 
out on top of the generator would have its circuits 
as follows: 


CUT-OUT 


GeneRraror “ 

Fig. 6. Shunt-field generator using a third-brush regulation. 
Shunt-field-circuit: Start with the +) main 
brush of the generator, through the shunt-field- 
windings (SHF), to the (—) third brush. The 
third brush is always connected to one end of the 


V'You can instantly tell when an electrom i 
[ agnetic regulator 
controls the voltage, because its Winding ig ner, nn 4 is 


across thi \ hen the regu- 
lator winding is in series with the circuit, it controls the emper: 
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field-windings and regulates the output of the gener- 
ator at high speeds. It is sometimes on the (+) 
side of the armature. 


The cut-out voltage winding circuit (V) is from 
the (+) main generator brush, to the cut-out fine 
wire voltage winding (V), through the grounded end 
of this coil (V), back to the (—) grounded main 
generator brush. 


Charging circuit to battery: When the generator 
voltage reaches about 6.5 volts, or above battery 
voltage, the voltage coil (V) has sufficient magnetism 
in its core to close cut-out points (P). The charging 
circuit will then be from the (+) main generator 
brush, through cut-out points (P), through the cut- 
out series, or current winding (S), to the ammeter 
(not shown), to the (+) terminal of the battery, to 
the (—). grounded terminal of the battery, to the 
(—) grounded main brush of the generator. 

If the (+) main brush of the generator was grounded, then 
the circuit would start at the grounded (+) brush of the 


generator, which would be the reverse of the circuit described. 
The (+) terminal of the battery would then be grounded. 


Tracing Ignition Circuits 
This circuit includes: 
1. Ignition coil. 
2. Interrupter. 
3. Distributor. 


Coil windings: There are two windings, the pri- 
mary and the secondary (Fig. 7). The current must 
first flow through the primary winding. 


CIRCUIT-} 
BREAKER= 


DISTRIBUTOR 


Dee SPARK PLUGS 


Fig. 7. A simplified diagram explaining how to trace the 
ignition system. 
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Coil terminals: Some coils have 3 or 4 terminals 
(see page 209). Most of the coils use 2 terminals 
ASML EN pee 

Note. When referring to the number of the ‘coil terminals, 
the secondary terminal is not considered. 

Primary and interrupter circuit: Suppose the (—) 
terminal of the battery and generator was grounded. 
The flow of current would then be from the (++) side 
of the ignition switch, which is usually connected to 
the circuit at the ammeter. The current path would 
then be from (+) of the battery (or the generator if 
running fast enough to charge the battery), to the 
switch, through ignition resistance (R) on the coil, 
through the primary winding, out terminal (2), 
through the insulated and stationary interrupter 
point, through the grounded interrupter point and 
arm, to the (—) grounded terminal of the battery or 
generator. é : 

If the (+) terminal of the battery and generator was 
grounded, then the circuit would be from (+) of the battery, 
to the grounded arm of the interrupter, through points (P), 


through the primary winding and resistance (R), to the switch, 
to the (—) terminal of the battery or generator. 


Note that the interrupter is for a four-cylinder engine, 
because there are four high points on the cam. Thus it will 
raise the arm four times during one revolution. 


The condenser is across the circuit of the inter- 
rupter points, as one end of the condenser is. also 
grounded. (See Index for the construction and pur- 
pose of the condenser.) Condensers are often 
placed in the interrupter housing. 


The secondary circuit is an induced current in the 
secondary winding from the primary winding, and 
would flow from the secondary terminal (3) to the 
distributor, through the spark-plug points, through 
the engine frame which would be termed a ground, 
to the grounded end of the secondary fine wire wind- 
ing (GRND). 


Note. ‘ 
distributor is shown. 


In Fig. 7, owing to an error in drawing, a 6-cylinder 
It should be a 4-cylinder distributor. 


The primary and secondary coil windings are sup- 
posed to be on one soft iron core. 


The foregoing explanation will give an idea as to 
the method of procedure in tracing wiring diagrams. 
All wiring diagrams do not have arrow points show- 
ing the path of the circuits. It is therefore neces- 
sary to make a point of starting with the source of 
supply of electric current which is (+-) of the battery 
or generator. If (+) is grounded, then start at:(+) 
just the same, and go to the grounded end of the 
part of the circuit you are tracing. 


Tracing the Lighting Circuits 


See Index under “Wiring diagrams.” 


ADDRESSES OF MANUFACTURERS OF ELECTRIC SYSTEMS 


“Apelco”: C. F. Splitdorf, Newark, N.J. 

“Auto-Lite’: Electric Auto-Lite Co., Toledo, Ohio. 

“Bendix’’: Eclipse-Bendix Mfg. Co., Elmira, N.Y. 

“Bosch”: American Bosch Magneto Co., Springfield, Mass. 

“Bijur’: Bijur. Motor Appliance Co., Hoboken, N.J. 

.“Dixie’: C F. Splitdorf Co., Newark, N.J.; Cutler-Hammer 

Co., Milwaukee, Wis. 

“Detroit Ward-Leonard”: Detroit Starter Co., Detroit, Mich. 

“Disco”: Disco Electric Starter Co., Detroit, Mich. 

“Dyneto”’: Dyneto Electric Corp., Syracuse, N.Y. 

“Delco”: Dayton Engineering Laboratories, Dayton, Ohio. 

“fisemann’: Eisemann’ Magneto Co., 32 Thirty-Third St., 
New York City, N.Y. 

“Gray & Davis’: American Bosch Magneto Co., Springfield, 
Mass. 

‘Heinze”: Heinze Electric Co., Lowell, Mass. 

“Gm”: General Electric Co., Schenectady, N.Y 

“Leece-Neville”’: Leece-Neville Co., Cleveland, Ohio. 


“North East’: North East Electric Co., Rochester, N.Y. 

“Owen Magnetic”: R. & L. Baker Co., Cleveland, Ohio; Gen- 
eral Electric Co., Fort Wayne, Ind. 

“Remy”: Remy Hlectric Co., Anderson, Ind., and Detroit, 
Mich. 

“Rushmore”: American Bosch Magneto Co., Springfield, Mass. 

“Simms-Huff??: Simms Magneto Co., East Orange, N.J. 

“Splitdorf’: Splitdorf Electrical Co., Newark, N.J. 

“U.S.L.": United States Light and Heating Corp., Niagara 
Falls, N.Y. 

“Westinghouse”: Westinghouse Electric Mfg. Co., Springfield, 
Mass. 

“Wagner”: Wagner Electric and Mfg. Co., St. Louis, Mo. 

“Ward-Leonard”: Ward-Leonard Electric Co., Bronxville, 
INP 


Parts and repairs for all electrical systems can be secured of 
A. L. Dyke, Elect. Dept., Granite Bldg., St. Louis, Mo. See 
also advertisement of Wiring Manual and Service Manuals in 
the advertising pages of this book. 
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REMY ELECTRIC SYSTEM ON STUDEBAKER “EJ”’ 


Studebaker (Model “EJ’’) Circuits 


Starting motor: From the (+) ground of the 
battery to the (+) grounded motor brushes, to the 
(—) brushes, to the field coils, to the starting switch, 
to the (—) of the battery. A Bendix drive is used. 


Generator field-circuit: From the (+) brush of 
the generator, to ground (G) of the thermostat, to 
the field coils, to third brush (3B). 


Cut-out voltage circuit: From the (+) grounded 
brush of the generator, to ground (G) of the voltage 
coil, through cut-out series coil (S), to the (—) main 
generator brush. 


Generator charging circuit: From the (+) 
grounded brush (G) of the generator, to the (+) 
ground of the battery (GB), to the starting switch, 
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Fig. 8. Wiring diagram of the Remy-Studebaker model “EJ” electric system. 


through the ammeter, to cut-out points (P), to cut-out 
series coil (S), to the (—) main brush of the generator. 


Regulation of the shunt field of the generator is 
by means of a third brush. 

Ignition primary circuit: From the (+) ground 
of the battery (GB), or the (+) ground of the 
generator (G), to ground (G) of the contact-breaker, 
to arm (A), to points (P), to primary coil winding 
(PR), through ignition resistance unit (RES), to 
the switch, to the ammeter, to the generator (—) 
brush, through the cut-out if the generator is supply- 
ing current, or from the ammeter to the (— ) terminal 
of the battery, if the battery is supplying current 
for ignition, as is the case when starting. 


The secondary circuit is from the secondary wind- 
ing of coil (SC), to the distributor, to the spark plugs, to 
ground, to the grounded end of the secondary winding. 
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STUTZ SERIES “‘K’?; REMY GENERATOR AND MOTOR; DELCO IGNITION 


_ Remy generator and starting motor with Delco 
ignition together constitute the system used on 
this car. The distributor principle is similar to 
that on the Pierce-Arrow, explained on page 216. 


Stutz (Series “K”’) Circuits 
Starting-motor circuit: From (+) ground (GB) 
of the battery, to (++) ground (G) of the starting 
motor brushes, through the field coils, to the starting 
switch, to the (—) terminal of the battery. 


Generator field circuit: From the (++) main brush 
of the generator, to ground (G2) of the cut-out 
(relay), through fuse (F), through the shunt-field 
winding, to the third brush. 


Cut-out voltage circuit: From the (+) generator 
brush, to ground (G2), through cut-out voltage 


coil (V), to cut-out series coil (S), to the (—) main 
brush. 


Generator charging circuit: From the (++) main 
brush of the generator, to the (+) grounded terminal 
of battery (GB), through the ammeter, to cut-out 
closed points {F) through series coil (S), to the (—) 
main brush of the generator. — 


Ignition primary circuit (intake coil): From 
ground of the battery, if starting, or Ch) cere 
the generator, if the generator is running at proper 
spee ae ground (G) of contact-breaker points at 
top, through points (P), through ignition resistance 
unit (R), through primary coil (P), to switch (6), to 
(B), to the ammeter. If the current is from the bat- 
tery, then through the ammeter, which will show 

discharge,” to (—) of the battery. If the current 
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Fig. 9. Circuit diagram of Stutz series “K.” 


is from the generator, then from the ammeter, to 
the cut-out, to the (—) brush of the generator. 
Ignition primary circuit (exhaust coil): The cir- 
cuit is exactly the same as for that of the intake coil, 
except that contact-breaker points for exhaust coil 
are at the lower part of the interrupter, and circuit 
is through the lower, or exhaust coil, to (5) on switch. 
From this point it is the same as previously described. 


The secondary circuit from the secondary coil (S) 
on both coils can easily be traced to the center 
terminal of the distributor, to the spark plugs, to 
ground, to ground of the battery or generator, to (B) 


on the switch, then to (5) and (6), to the other end 
of the secondary winding. (The contact points on 
the interrupter are open when the secondary spark 
occurs at the spark plugs. The circuit could not, 
therefore, pass back through this side.) 


_ The Stutz engine is a dual-valve engine. The 
intake valves are on one side of the cylinder and the 
exhaust valves on the other. 


There are two spark plugs per cylinder: one on 
the intake side, and the other on the exhaust side. 
See explanation of the Pierce-Arrow (Delco) ignition 
distributor on page 216, which is similar. 


REMY ELECTRIC SYSTEM ON OAKLAND ‘34C,” McLAUGHLIN “K-62,”? AND ‘‘K-63”" 


Circuits 

Starting motor: From (+) of the battery, to the 
starting switch, to the series field-winding, to the 
(++) motor brushes, to the (—) grounded motor 
brushes, to (—) ground of the battery. 

Generator field-circuit: From the (+) main 
brush, through (closed) thermostat points (R), 
through the shunt-field-windings, to the third brush. 

Cut-out voltage circuit: From the (+) main 

enerator brush, to cut-out coil (C), to voltage coil 
V), to the (—) main generator brush. 

Generator charging circuit: From the (+) main 
generator brush, to cut-out series coil (C), through 
(closed) points (P), to ammeter (A), through the 
ammeter to (M), to (+) of the battery, to (—) 
ground of the battery, to (—) ground of the genera- 
tor (GG), to (—) main grounded brushes (G). 


Ignition primary circuit: From (A) on the 
ammeter, which takes current direct from the gen- 
erator without passing through the ammeter, if the 
generator is supplying current, or from (A) to (M), 
through the ammeter, which would show “dis- 
charge,” if current is taken from the battery, to (1) 
on the switch, to (2), to the ignition resistance unit, 
to primary winding (PR), to the insulated contact- 
breaker terminal, through points (P), through arm 
(A), to ground (G), to (—) ground of the generator 
or battery. 


Secondary ignition circuit: From secondary wind- 
ing (SC), to the distributor, to the spark plugs, to 
ground, to the grounded end of the secondary 
(G). 


The condenser is in the coil and across the points 
of the contact-breaker. 
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OVERLAND ‘4°? ELECTRIC SYSTEM 


a WIRING DIAGRAM 
/ Head Lamp Head Lamp 
Left Right 


Electric system: Auto-Lite two-unit, 6-volt start- 
ing and lighting system, with Bendix drive. U.S.L. 
Battery, 6-volt, 80-amp. hour. Model GK 1001 
generator with third-brush regulation. Starting 
motor model MG 1001. 

Ignition: Connecticut timer and distributor driven 
from the armature shaft of generator (Figs. 12 and 18), 


See page 40 for engine illustration and description. 
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Fig. 12: Generator, driven from the right side of the engine, 
by helical gears, from the crank shaft. 
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Fig. 13. Timer, driven from the armature shaft through 
opening (B, Fig. 12) by helical drive gear. 
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STUDY OF STARTING AND GENERATING SYSTEMS 


Overland ‘4°? Cireuits 


Generator field-circuit: From the (+) third 
brush of the generator, through the field windings, 
to the (—) main brush. 


Cut-out voltage circuit: From the (+) main 
brush, to the fine wire voltage winding (V) on the 
cut-out (circuit-breaker), to ground, to the (—) main 
grounded brush of the generator. 


Generator charging circuit: From the (+) main 
brush of the generator, through cut-out points (P), 
to cut-out series coil (S), through the ammeter, 
to the (+) terminal of the battery, to the grounded 
(—) terminal of the battery, to the (—) grounded 
brush of the generator. 


Starting-motor circuit: From the (+) terminal 
of the battery, through the closed starting switch, 
to the terminal on the starting motor, through the 
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two “series parallel’ windings on’ each side, to the 
(+) brushes, through the armature, to the (=) 
grounded brushes, to (~) ground of the battery. 


Primary ignition circuit (from battery when start- 
ing): From (+) of the battery, to (D), to the igni- 
tion button switch, to the thermostat switch,! 
through wire (I) to the primary winding of the 
ignition coil, to the timer (contact-breaker of the 
closed-circuit type), through the timer points, to 
the ignition coil where the primary and secondary 
windings are grounded, thence to ground (G1), to 
(—) ground of the battery. On the circuit just de- 
scribed, the ammeter would not indicate, as the cur- 
rent is flowing from the battery, but not through the 
ammeter. 


1 The “Connecticut ignition thermostat switch”’ is illustrated 
and described elsewhere. See Index. 
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Primary ignition circuit (from generator): From 
point (D), which takes current from the generator 
which must pass through the ammeter. Thus the 
ammeter would read on the ‘‘charge’’ side, because 
the current would be flowing from the generator to 
the battery, and the ammeter is between point (D), 
where the ignition is taken, and the generator. The 
rest of the circuit would then be the same from point 
(D), as explained above. 


Light circuits, if from battery, would be from 
(+) of the battery, to the ammeter, then through 
the ammeter, to the inside wire at the right-hand 
connection of the ammeter, to the fuse, thence to 
the lighting switch, through the different lighting 
circuits. The ammeter would read on the ‘‘dis- 
charge”’ side. 


If current for lights comes from the generator, 
then start with (++) of the generator, to the cut-out, 
to the ammeter (but not through the ammeter), to 
the wire from the same connection on the ammeter, 
to the fuse, and from this point on, as before. In 
this instance, the current for lights would not pass 
through the ammeter, but the generator would be 
charging the battery and supplying current for lights 
and ignition also. Thus the ammeter would read 
on the “charge” side, indicating the amount of cur- 
rent flowing to the battery and used for ignition. 


DYKE’S INSTRUCTION No. 36 


Data Concerning Overland ‘4’ Electric : 
Equipment 


Battery: USL CD 311, 11-plate, 6-volt, 80-ampere hour 
capacity; located underneath driver’s seat. 


Generator: Auto-Lite GK 1001, 4-pole, third-brush regula- 
tion type; mounted on right front side of engine. 


Starting motor: Auto-Lite MG 1001, 4-pole type; mounted 
at side of engine. 


Cut-out: Auto-Lite CB 1069, rectangular type; 
on right gasoline tank bracket. 


Switches: Auto-Lite XA 265 for ignition and lights, and 
resistance coil to dim head lamps, and with ignition cut-out; 
mounted on instrument board. 


Starting switch: Auto-Lite SW 1600, mounted on left frame 
member, with button protruding through toe board in front of 
driver’s seat. 


mounted 


Current indicator (ammeter): Auto-Lite XA 191, mounted 
on instrument board. 


Ignition: Battery ignition, Connecticut GA type, spark coil 
with timer and distributor; mounted on right side of engine. 


Horn: Vibrator type, mounted on left side of engine; control 
button on top of steering column. 


head lamps, single-bulb, single-contact, 6- 


Lamps: Four; 
dash and tail lamps, single-contact, 


volt, 16-candle power; 
3-volt, 2-candle power. 


Fuse block: For lights; 
bracket. 


mounted on left gasoline tank 


DELCO ELECTRIC IGNITION ON PACKARD “SIX,’? MODEL 116-1921 


The Delco ignition is used on this car, but Atwater 
Kent starting motor and generator are provided for 
generating current and for starting. 


Packard (Model 116) Circuits 


Starting motor: From (+) ground of the battery, 
to (+) ground of the starting motor, to the switch, 
to (—) terminal of the battery. 


Generator charging circuit: From (++) ground of 
the generator, to (+) ground of the battery, to (6), 
through the ammeter, to (7), to (—) terminal of the 
generator. 
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Primary ignition circuit (battery): From (+) 
ground of the battery, to grounded (G) contact- 
breaker points (on the left), through the ignition 
resistance unit, to primary winding (PR) of the 
ignition coil No. 1, to (5) on the switch, to (6), 
through the ammeter, to (—) terminal of the 
battery. 


Primary ignition circuit (generator): From (+) 
ground of the generator, to contact-breaker-point 
ground (G) on the left, and through the same path, 
pole the (—) generator terminal instead of to the 

attery. 
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Wiring diagram of the Deleo-Packard (model 116) electric system, 


STUDY OF STARTING AND GENERATING SYSTEMS 


Secondary circuit to ignition spark plugs: From 
secondary winding (SC), on coil No. 1, to the dis- 
tributor rotor, to the spark plugs in the engine, to 
ground, to ground (G) of the secondary winding. 


Fuelizer ignition coil is No. 2. This coil is used 
for the single spark plug used in the Fuelizer. (See 
pages 108 and 140 for an explanation of the Fuelizer.) 
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The primary circuit is the same as for the other 
coil, except that the contact-breaker points on the 
right of the contact-breaker are used. 


The contact-breaker and distributor for this sys- 
tem are shown on page 219. Note that two sets of 
interrupter contacts are provided, each set being 
connected in series with a separate ignition coil. 


PACKARD ‘*TWIN-SIX”’ 1920-1921 ELECTRIC SYSTEM 


The Delco ignition is used on this car. Bijur 
generator and starting motor are used. See also 
pages 217, 84, 85, 86, for other illustrations pertain- 
ing to the Packard “Twin-Six.” 


Packard ‘*Twin-Six”’ (Models 325, 335) Circuits 


Charging circuit: Start with the generator (++) 
grounded terminal, to (++) ground of the 6-volt, 120- 
ampere-hour battery, to combination switch (6), 
through the ammeter, to (—) terminal of the gener- 
ator. - 


Ignition circuit: Start with (+) ground of the bat- 
tery if the engine is running slow, or with (+) ground 
of the generator if the generator is charging the bat- 
tery, to ground of interrupters (CP), but first 
through the resistance units. 


Note that there are three interrupter points (CP), 
1, 2,and 3. The Nos. 1 and 2 are for the No. 1 and 
No. 2 cous and distributors, and 3 is for the No. 3 
coil and spark plug (3P) for the fuelizer. See also, 
pages 140, 217, giving an explanation of ‘‘Fuelizer”’ 
and “Distributor.” 


The engine ignition primary circuit of No. 1 dis- 
tributor is through ignition resistance unit (R1), 
through contact pomts (CP-1), through primary 
coil (1), to junction (J), to the ignition switch, to 
5 and 6, to (—) of the battery or generator. Note 
condenser (1) is connected across the points (CP-1). 
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The third coil (3) is used in connection with a spark plug (3P) in the fuelizer. 


If the current is from the battery, it will not pass 
back through the ammeter. If current is coming 
from the generator, it will pass through the ammeter, 
but as the generator would then be charging the 
battery, the ammeter would indicate the current 
flowing from generator to battery and the ignition, 
and would indicate on the ‘‘charge” side of the 
ammeter. 


Secondary circuit of No. 1: From the secondary 
winding on coil (1), to the distributor arm or rotor, 
to the spark plugs, to ground, to grounded secondary 
terminal (G) on No. 1 coil. 


Engine ignition primary circuit of No. 2 distributor 
is similar, except that the circuit is through resist- 
ance (2R), through points (CP-2), through primary 
winding (P) of coil 2, to junction (J). 


The secondary circuit of No. 2 is similar to that of 
No. 1, except that it passes to No, 2 distributor. 


The fuelizer ignition primary circuit is from (+) of 
the battery or generator, to ground (G8) of the inter- 
rupter, through points (CP-3), through resistance 
(R3), to primary winding (P) of coil 8, to junction 
(J), to switches (5 and 6), to (—) terminal of the 
battery or generator. 


The secondary circuit for the fuelizer spark plug is 
from (S), coil 3, to spark plug (8P), to ground, to 
ground (G) of coil 3. 
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Starting-motor circuit: From (+-) of the battery, 
through ground, to the ground terminal of the start- 
ing-motor switch, through the starting switch, 
through the starting motor, to (—) terminal of the 
battery. 


The automatic gear-shift principle, connected with 
a flywheel is used. The starting motor is a 4-pole, 
series-wound motor. 


Regulation of the output of the generator consists 
of a constant voltage electromagnetic device which 
cuts resistance into the shunt-field circuit. The 
generator regulator keeps a constant electrical pres- 
sure or voltage, slightly higher than the voltage 
maintained by a fully charged battery, this pressure 
being maintained regardless of speed. 


The voltage being constant, the current generated 
naturally varies, being small when the battery is 
fully charged and increasing as the lights are turned 
on or the battery is partially discharged. 


The cut-out is a reverse-current electromagnetic 
type of the usual cut-out principle. The generator 
field-winding is a straight shunt winding. 


The cut-out and regulator are wound on separate 
cores and mounted on top of the generator. The 
circuit is not shown but is shown in the Wiring Man- 
ual, details of which will be found in the advertising 
pages of this book. 


DYKE’S INSTRUCTION No. 36 


Fuse Board 


All lamp circuits and the horn circuit pass through the fuse 
board on the front side of the dash. When the horn or lamps 
fail, examine the fuses. If the fuse is in proper order, then look 
for loose wires. 

Fuses are of the glass-tube type. 
look for a short circuit as the cause. 


If fuses continually blow, 


Ammeter 


The ammeter is located on the instrument board. _ It is con- 
nected between the generator and battery through the switch; 
thus, with the engine idle, the ammeter does not indicate 
whether the lights are on or off. Should it register to the left of 
zero with the engine idle, remove the disconnect plug from the 
regulator, to prevent discharging the battery. 


When the engine is running, the ammeter registers the 
amount of charging current passing from the generator to the 
storage battery and lights. 


If the ammeter fails to register when the engine is running at 
about 750 revolutions, or over 20 miles per hour, look for loose 
connections or broken wires between the generator and battery; 
also see that the generator commutator is clean and that the 
brushes are making good contact. 


If the ammeter shows a high current continuously of 25 or 
30 amperes, it indicates a heavy ground or short circuit in wir- 
ing or battery. Disconnect the battery to prevent discharging, 
and examine the wiring for short circuits. 


Electric Lighting 


Light circuits can be traced by starting with (+) of the bat- 
tery or generator, to ground of the lamps, through the fuses, 
through the switch terminals, to (—) of the generator or battery. 


Auxiliary headlights are smaller than the headlights. They 
are placed in front, to be used in place of headlights. The 
headlights are 24 c.p., 7-volt and the auxiliary headlights are 
6 c.p., 7-volt. See diagram of wiring. They are sometimes 
called dimmer lights. 


REMY ELECTRIC SYSTEM ON OAKLAND “32°? AND McLAUGHLIN “D-60” 


The Remy “‘relay-regulator” system, described on 
page 350, was used on these cars (1916). The sys- 
tem is shown here in order to give an example of the 
Remy relay-regulator in connection with a plain 
shunt-wound four-pole generator using an “electro- 
magnetic current regulation” of the shunt-field- 
circuit. See Fig. 17 on the next page. 


Circuits 


Generator: Plain shunt wound, with an electro- 
magnetic vibrating-current type of regulator (see 
also page 350). This regulator is operated by the 
amount of current flowing from the generator to the 
battery through the regulator winding (D). It 
would thus be termed an electromagnetic “constant- 
current” regulation method. 


Generator shunt-field circuit: From the (++) main 
brush of the generator, to the fuse, to (Y), to closed 
regulator points (E), to (H), to the shunt-field wind- 
Ings, to (—) main brush (G) of the generator. 

Note. This is not a third-brush regulated generator, 
although there are three brushes. The brush on the left is 
used for grounding purposes. All brushes bear on neutral 


points of the commutator, and are therefore “main brushes.” 
See, also, page 359. 


Cut-out (relay) voltage circuit: From the (+) 
main brush of the generator, to the fuse, to (Y), to 
cut-out voltage coil (J), to ground (G1), to the (—) 
grounded generator brush. 


Generator charging circuit: From the (+) main 
brush, to the fuse, to (Y), to closed cut-out (relay) 
points (A), through cut-out series coil (C), through 
regulator winding (D) (note that the charging cir- 
cuit flows through the regulator winding), to (K), to 
the fuse block through the ammeter, to (+) 
terminal of the battery, 


When the generator speed is high, the regulator 
comes into action by cutting resistance (F) into the 
shunt-field circuit of the generator, thus reducing 


the magnetic strength of the field, and consequently 
also the output of the generator. The action is as 
follows: from the (+) brush, to (Y). Points (E) 
are now open, because of the high charging current 
value flowing through regulator coil (D), drawing 
points (E) apart. Thus the field circuit must then 
pass from (Y), through resistance (F), to (H), to the 
other end of the field winding. 


Note. It will be noted in the diagram that half of the 
resistance coil (F) is shunted across one set of regulator points, 
and half across the other set (there are two sets of regulator 
points). It is essential that the two sets be adjusted equally, 
so that the same current through regulator coil (D) will separate 
both points at the same time; otherwise the generator output 
will Ae! hieh. See Index for Remy ‘“relay-regulator” adjust- 
ments, ete. 


_ Ignition primary circuit (from battery, when start- 
ing): From (+) of the battery, to the ammeter, to 
the fuse block, to switch (Z), to (I), to primary 
winding (P) of the coil, to the contact-breaker 
(closed-circuit type), to the right terminal on the 
coil, to the switch, to ground (G3), to (—) ground 
of the battery. 


_ The ammeter would now read on the “discharge” 
side, as the current is coming from the battery. 


Note. This switch is termed a “‘pole-changing”’ switch. If 
switch blades (B) and (B1) were reversed, the current would 
flow through the contact-breaker points in the opposite direc- 
tion, See page 203, explaining this type of switch. 


Ignition primary circuit (from generator): The cur- 
rent would be taken from the fuse block, to (Z), and 
the same path would be followed. The ammeter 
would not indicate the ignition current, but would 
indicate the amount of current going to the battery. 


Starting-motor circuit: From the (+) terminal 
of the battery, to the starting-motor straight-series 
field-winding, through the field-windings, to the (+) 
brushes, through the armature, to the grounded (—) 
brushes, to (—) ground of the battery (G2), 
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FRANKLIN (Up to July, 1921) ELECTRIC SYSTEM 


The Franklin air-cooled, six-cylinder engine auto- 
mobile electric system used on models “9A” and 
“9B” until July, 1921, is shown in the illustration 
(Fig. 18). Note that the ignition system is the 
Atwater-Kent open-circuit type. A master vibrator 
is used for starting purposes. 


FRANKLIN 9B 
DISTRIBUTOR 


| 
égetitisg 
SPAM PLUOS 
OPEN CIRCUIT. 


TO-(-) NEGATIVE 
TERM (MAL OM HOUT 


TIMING: SET | 
ADVANCED {'/2! 


On later models, the Atwater-Kent closed-circuit 
ignition system is used, and the master vibrator is 
dispensed with. Instead, the switch is so arranged 
that on starting position, it cuts out a part of the 
primary coil winding, thus lowering the resistance of 
the coil, so that in cold weather, when the battery 
is used excessively for starting and is more or less 
weak during these periods, the ignition coil resistance 
is cut down, as mentioned above, and the spark is 


sure to occur. After starting, and when the battery 
is ‘boosted up” by the generator, the switch move- 
ment cuts in the full primary coil winding. 

Motor-generator: The 12-volt single-unit Dyneto 
motor-generator is used. The motor-generator is 
directly connected to the crank shaft of the engine. 
The motor-generator acts as a generator at car 
speeds over 814 m.p.h., and as a motor at speeds 
below this point. 

The current output is regulated by a compound 
winding “differential in action,’ consisting of a 
series and a shunt-field winding which oppose, or 
“buck,” each other, as a generator. This is termed 
“differential action,’”’ and the windings assist each 
other as a motor, or “cumulative action.” 

The regulation is also by a “third brush,” which 
reduces the voltage through the shunt-field winding, 
which, in turn, is caused by “armature reaction”’ at 
high speeds. 

Starting motor: A Dyneto motor-generator con- 
nected to the crank shaft of the engine by a silent 
chain; operated from the cowl board by the same 
switch that controls the ignition. 

Generator: A Dyneto motor-generator; shunt 
winding, and a series-field winding are both used for 
the generator. 

Ignition: Atwater-Kent open-circuit timer and 
distributor, using a box type of coil, with a con- 
denser in the coil. A master vibrator is used for 
starting, which gives a continuous series of sparks 
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instead of a single spark operated by a switch on 
dash. ‘The distributor rotor takes care of the time 
at which the spark occurs. This device is used only 
for starting purposes. 
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Fig. 19. The diagram or curve shows the voltage and 
amperage at various speeds of the car. 


For instance, at a speed of 10 m.p.h. (lower line of figures), 
the amperage is 8 amperes; the voltage is 16. volts. At 18 
m.p.h., the highest amperage peak is reached, which ds 15 
amperes, and at this speed, the voltage is 17 volts. The highest 
voltage is reached at 15 m.p.h. : 


The voltage begins to drop at a car speed of 28 m.p.h. (from 
17 volts to slightly below 16 volts at 50 m.p.h.). The amperage 
begins fo drop at 20 m.p.h., from 15 amperes to 10 amperes, at 
50 m.p.h. 


Circuits 


Starting motor: From (+) of the battery, to the indicator,} 
through the indicator, to the switch, to the (++) terminal on the 
motor-generator, through the field-windings, to the (+) brush, 
through the armature, to the (—) brush, to the (—) terminal of 
the battery. 


Generator shunt-field circuit: From the (+) main brush, or 
terminal of the motor-generator, to the switch, to the connec- 
tion on the lower right of the switch, through a fuse (not shown), 
to the terminal on the motor-generator connecting with the 
shunt-field winding, to the (—) main brush of the generator. 
A 10-ampere fuse is in series with the shunt-field circuit. 


Generator charging circuit: From the (+) main brush, to 
the switch, through the current indicator marked (AMM), to 
(+) of the battery, through the battery, to the (—) battery 
terminal, to the (—) brush of the motor-generator. 


Ignition master-vibrator circuit: This ignition system is 
equipped with a master-vibrator coil which is used for starting. 
There is only one winding (primary) on this coil. When the 
switch or starting circuit is closed, the current is from (++) of 
the battery, to the switch, to the right-hand switch terminal, to 
the vibrator blade of the master vibrator, to the vibrator screw, 
to the primary winding of the master vibrator, to the lower 
center terminal of the coil, through the coil primary winding, to 
Junction block (No. 17) which connects with (—) of the bat- 
tery. This master vibrator gives a continuous succession of 


1 An ammeter of the usual construction generally used, cannot 
be connected in series with a starting-motor circuit. An 
“indicator,” however, which is used on the Franklin, is so 
designed that it is capable of carrying the starting current. See 
pages 469, 468 for explanation of the construction of an ‘“Indi- 
cator” and also of an ‘‘Ammeter.”’ 
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sparks to start with, and the distributor takes care of the time 
of the spark to the engine. The switch is thrown to the regular 
ignition after the engine is under way, and when the generator 
is ‘‘boosting’”’ the battery. 


The primary ignition circuit of the ignition coil is from the 
atte toe generator at the right-hand switch terminal in the 
illustration, to the left, to the first terminal on the coil, to the 
timer, through the points, to the center coil terminal, to the 
primary winding of the coil, to the left-hand coil terminal, to 
No. 17 on the junction block, to (—) of the battery. 


The secondary ignition circuit is from the secondary winding, 
to the distributor, to the spark plugs, to ground, to ground of 
the secondary. 

The ignition timing (Atwater-Kent open-circuit type): The 
timer is set so that it fires at 114” advance, measured on the 
rim of the flywheel. 


To check timing: Remove the distributor cover and turn the 
engine over slowly until the click of the contact-maker is heard. 
Stop exactly at this point, raise the toe-boards, and see if any 
center line corresponds to the position of ‘‘C. L. 1-6’’ shown on 
the flywheel. 


To reset timer: Turn the flywheel until No. 1 cylinder com- 
pletes its compression stroke and the 1-6 center line is 114” 
ahead of the center point in the diaphragm (Fig, 20). Loosen 
the clamp screw in the aluminum base plate of the timer, so 
that the body can be turned in its bearing. For accurate set- 
ing, the body should be clamped tight enough to turn hard. 


a 
IBo CENTER LINE 
} OF 1&6 CYLINDERS 


VERTICAL OR DEAD 
CENTER POJNTER 
IN DIAPHRAGM 


Fig. 20. Flywheel markings for spark setting. 


Turn the distributor-timer body in a clockwise direction until 
the distributor arm is opposite the terminal on the cover leading 
to No, 5 spark-plug wire. Then turn the body slowly and 
steadily counter-clockwise until the click of the contact maker 
is heard. Stop exactly at this point, and tighten the clamp 
screw. 


Adjustment should then be checked by moving the flywheel 
backwards about 16” on the flywheel rim, so that it is off the 
firing point. Then move ahead to the firing point again, and 
stop the moment a click is heard. If ‘‘C. L. 1-6” is then 114” 
ahead of the center pointer on the diaphragm, the timer is set 
right. Rewire the clamp-screw in the base plate. 


Timer contact points are set .010’ apart om the open-circuit 
type, and .007” on the closed-circuit type. To adjust the con- 
tact screw, take it out of the holder and remove one of the thin 
steel washers from under its head. This brings the points a 
little closer together (see also page 203). The points should be 
eramunes Hae 3,000 miles. he spark-plug gap should be 
set at. ; 


Firing order: 1, 4, 2, 6, 3, 5. 


_Master vibrator adjustment: When operating properly, the 
vibrator should buzz on an 8-volt circuit, i.e., on 4 cells of a 
fully charged storage battery. A more accurate way of setting 
the vibrator is to turn the ignition switch to “neutral” (the 
engine should not be running), take out whichever spark plug 
is firing at that time, and set the adjusting screw on the vibrator 
so that a spark of the highest possible frequency can be observed 
at the plug eect When the vibrator draws about 1.1 amperes 
on a fully charged battery, it will give the hottest spark. 


For Franklin gear shift and controls, see Index. § th 
Index also for the Franklin engine. ; se ie ay 
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WIRING OF A CAR: Starting, Generating, and Lighting 


KINDS OF WIRE USED FOR AUTOMOBILE ELECTRIC SYSTEMS 


Primary wire is used for low-tension (voltage) 
work, such as for the ignition circuit, from switch to 
coil, and from coil to timer, and is also used for light- 
ing circuits. See Fig. 1 below. It is flexible, con- 
sisting of several fine strands covered with a water- 
proof insulation. 


When wiring is used for lighting purposes, it can 
be “duplex”’ (Fig. 2), or it may even consist of four 
wires together in one double-covered insulation. 
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PRIMARY WIRE- Duplex 
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PRIMARY WIRE.in metal armor 


MOTOR WIRE note 
heavy. wire 


LAMP CORD -twisted No. 18 


Flexible steel-armored wire is where the wire is 
protected by being covered in a metal casing (Fig. 3). 
This type of wire is extensively used for automobile 


work. It can also be secured in “duplex” form 
(Fig. 4). The wire cannot be withdrawn from the 
armor. 


Secondary cable is used for high-tension ignition 
current from coil to distributor and from distributor 
to spark plugs. The wire itself is small and flexible, 
but the insulation (usually rubber) is very heavy, 
as it carries a high voltage, but a low amperage. 


Starting-motor wire: This wire must be very 
large, because it carries a very heavy current. No.0 
is generally used on small and medium-sized cars, 
and No. 1or 2, or 00, is used if the distance is greater ; 
as ona large car. The No. 00 measures .36” diam- 
eter over the copper strands. ‘This wire is flexible 
(Fig. 6), being made up of a large number of copper 
wire strands heavily insulated with rubber and with 
a braided cover over the rubber. ‘This wire is much 
heavier than the secondary cable, as it carries a high 
amperage, but a low voltage. 

For example, the wire running from the storage 


battery to the starting motor, when it is first start- 
ing, must carry from 80 to sometimes 400 amperes 


(the quantity of current, which depends on the size 
of the motor and condition of the engine). This is 
used only for a few seconds. But large wires must 
necessarily be used to carry this great quantity, 
even for a few seconds. Compare the size of the 
starting-motor wire (Fig. 6) with that of the pri- 
mary wire (Fig. 1), which can be used for the gener- 
ator or for lighting. Note the difference in size of 
the wire. 


The wires running from the generator to the stor- 
age battery are much smaller (see Fig. 1), as the 
quantity of current which passes through this wire 
is only 5 to 25 amperes. 

By way of a comparison, imagine water pipes. If you 
desired to pass 150 gallons of water through a pipe in one hour 


it would require a larger pipe than one through which you passed 
only 25 gallons in an hour. 


Flexible lamp cord (Fig. 7.) is used for extension or trouble 
lamps, and is not suitable for any other part of the wiring 
system. 


Voltage Drop and Wire Size 


When current flows through a wire (conductor), 
a certain amount of pressure (voltage) is lost in over- 
coming the resistance that the conductor offers to 
the flow of current (amperage). 


The greater the distance that current flows 
through a conductor, the greater the loss of pressure. 
This is known as “voltage drop.” 


The resistance of a wire depends upon two things: 
(1) the kind of metal in the wire (copper offers less 
resistance to the flow of current than iron); (2) the 
area or size of the wire. The resistance of a small 
copper wire is greater than the resistance of a large 
wire; that 1s, the resistance decreases as the size 
increases. 


The size of wire to use depends upon the amount 
of current that must flow through it, and the length 
of the wire. The longer the wire, the greater the 
resistance offered to the flow of current. Therefore 
there will be too much drop in voltage at the wire 
terminus, if the wire is not of sufficient size. 


A conductor must be large enough to carry the 
required amount of current to a certain point with 
less than 5 per cent drop. 

Ohms multiplied by Amperes equals Voltage Drop, 

Voltage Drop divided by Ohms equals Amperes. 

Voltage Drop divided by Amperes equals Ohms. 


Almost all automobiles are using a single wire 
with a grounded return system of wiring, and the 
length of wire in one direction is seldom over 12 feet. 


Voltage Drop and Connections 


All connections should be bright and clean, for a 
dirty connection will add resistance, and consc- 
quently will cause a voltage drop. Binding posts, 
screws, and the ends of the wire must be scraped 
clean before the wire is attached—this is very import- 
ant, especially on low-voltage wiring. 

Grounded connections should be filed or scraped 
bright before attaching the wire, and the connection 
when made should be firm in position—and tightly 
drawn up, otherwise resistance will be added, thus 
resulting in a voltage drop. 
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Ampere Capacity of Copper Wire 


The carrying capacity of copper wires (B & 5 
gauge), as given by the National Board of Under- 
writers for rubber-covered wire, is shown opposite. 


The higher the number, the smaller the wires. 
No. 0 is many times larger than No. 18. No. 18 is 
.04 or 3/64” diameter; No. 0 is .32 or 5/16” diameter. 


1B & S gauge means Brown & Sharpe gauge, and is a recog- 
nized standard. 
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Carrying Capacity of Copper Wire 


No. 18 B & S gauge. 3 ampere 
No. 16 B&S gauge. 6 ampere: 
No. 14 B & S gauge. 15 ampere: 
No. 12 B & S gauge. 20 amperes 
No. 10 B & S gauge. 25 amperes 
No. 8 B & S gauge. 35 ampere: 
No. 6 B & S gauge. 50 ampere: 
No. 4 B & S gauge. 70 amperes 
No. 3 B & S gauge. 80 ampere: 
No. 2 B & §S gauge. - 90 amperes 
No. 1 B & S gauge. . 100 amperes 
Nos. 1&0 3B &S gauge. . 125 amperes 
Nos. 2&0 B&S gauge. . 150 amperes 


AVERAGE LENGTH AND SIZE OF WIRE USED FOR WIRING A CAR 
AND EXTERNAL CIRCUITS 


An example of the size of wire used for wiring a 
car and the length for the different circuits of an 
average car is shown in the accompanying illustra- 
tion, which is the wiring diagram of the Lexington 
Series ‘‘S”’ model (Fig. 8). Connections of the wires 
to the fuse block and other details are also shown. 


Generator: Third-brush regulated Gray & Davis. 
Gray & Davis. 
Connecticut system using type 96Y 


Starting motor: 


Ignition: 
switch. 


Wiring system: Single wire, grounded return. 


Eight External Circuits of an Electric System 


The diagram (Fig. 8) clearly shows the eight 
external circuits. The internal circuits of the 
generator, and its field-winding circuit and cut-out 


circuit are not shown. The cut-out is mounted 
the generator, but is not shown. 


Starting-motor circuit: From the grounded (- 
terminal of the battery, to the grounded termina! 
the motor, through the starting switch, to the (- 
terminal of the battery. 


The ignition circuit, when starting, is from grou! 
(G) of the ignition coil, to coil terminal (A), throu 
the primary wire, to contact-breaker terminal (1 
through the closed contact-breaker points, to (E 
through the coil primary winding, to (C), throw 
a jumper (J) on the fuse block, through ignitic 
thermostat (H) on the switch, to switch (1G 
to ammeter (1), through a jumper on the fu 
block, to the (—) terminal of the battery at tl 
starting switch. 


If the generator is supplying the ignition curren 
the circuit is then from (++) of the generator, throu; 
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Fig. 8. Wiring diagram of the Lexington (Series “‘S’’), showing the size of wire used, len, 


block, and the various circuits, 
where secondary cable is used. 

Note, too, that No. 10 wire is 
No, 0 in the starting-motor circuit, 


The Connecticut ignition thermostat (see ““H’”’ on the switch) 


explained under a similar principle but different arrangement, as deed teen in the ignition circuit, and is for the purpos 


See Index for “Connecticut ignition thermostat.” 


Note where armored cable is used; i 
URN Eres para etey also how the connections are made to the ammeter, an 


used in the generator and battery 


gth of wire, size of lamp bulbs, fus 
and the size of it, 
circuit; No. 14 is used in ignition and lighting circuits, an 


the Connecticut ignition system on the Overland “4, 


WIRING A CAR 


ne same circuit to (1) on the ammeter, through the 
mmeter to (2), to jumper (J) on the fuse block, to 
ne (—) terminal of the generator. The condenser 
; in the coil. 


The secondary circuit is from the coil of the 
econdary terminal (S), through the secondary cable 
9 the center, or rotor of the distributor, to the spark 
lugs, to ground, to ground (G) of the coil, to the 
rounded end of the secondary at (A). 


Generator charging circuit: From the (+) ground 
f the generator, to the (++) ground of the battery, 
9 the fuse block, through jumper (J) on the fuse 
lock (‘jumper” means that instead of a fuse, a 
traight connection is made), through No. 10 size 
reen wire (BAT.), to (1) on the ammeter, through 
he ammeter to (2), through (GEN.) black wire 
No. 10 size), to the fuse block, through jumper (J), 
9 the (—) terminal of the generator. 


Headlight circuit: From the (+) battery ground 
r (+) generator ground (whichever is in service), to 
round of the headlights (HGL), through the lamp 
ulbs in parallel, to the fuse block, through a 15- 
mpere fuse, through green wire (No. 14) size, to 
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one side of the dimmer resistance. If connections 
are made at (BRT.), then resistance is cut out. If 
made at “Dim,” then current must flow through 
the resistance and bright would be “off”; then to 
(Z), to (LTS), to (2) on the ammeter, and through 
the ammeter to (1), to the (—) battery through wire 
(BAT.) (if the battery is supplying the current), or, 
if the generator is supplying the current, not through 
the ammeter but direct through wire (GEN.), to the 
(—) terminal of the generator. 


The other circuits, such as those of the horn, the 
tail light, and the dash light, can be traced in the 
Same manner, starting with the (+) ground of 
the battery, if engine is not running, or is running 
very slow; or at the (+) ground of the generator, if 
the engine is driving the generator at sufficient speed 
to charge the battery, at which time all current is 
taken from the generator. (The starting-motor 
current, of course, is never taken from the genera- 
tor.) From the (+) of the generator, or battery, it 
is then necessary to start with (+) ground of all 
circuits because the (+-) of the battery is grounded. 
For this reason the (+) of the generator must be 
grounded, and the “lead” is from (++) to all grounds, 
back to (—) of battery or generator. 


WIRING METHODS 


There are three methods for wiring a car: (1) the 
mgle-wire, or grounded, return system; (2) the 


wo-wire, or fully insulated, system; (3) the three- 
‘ire system. 


GENERAT OR F 
(eae 


The single-wire or grounded return system (Fig. 

): One insulated wire is insulated from the frame 
nd is termed the “lead” wire. ‘The frame serves as 
1e return wire. However, when the (+) terminals 
‘the generator and battery are grounded, then the 
ame serves as the lead. The ground connection 
om the battery wire or cable to the frame is usually 
heavy copper connection which is tightly bolted to 
cleaned surface with copper or brass washers on 
ich side. This connection, as well as all other 
‘ounded connections, must be clean and secure, 80 
iat vibration will not jar it loose. ‘This is the sys- 
m in general use. 


The two-wire, or insulated, system (Fig. 10): In 
this system, both insulated wires—the lead wires 
and return wires—are kept away from the frame and 
from all metal parts of the car. 


The three-wire system (Fig. 11): This system 
consists of three wires, one being known as the 
“neutral.” Note in this illustration that the storage 
battery is a 6-cell or 12-volt battery and the third 
wire divides the three cells to a circuit, making 6 
volts for each side of the third wire. 


It is important that the lights or load be equalized, 
for if three of the six cells are worked more than the 
other three, and both sets are charged from the same 
source and at the same rate, one set would get more 
charge than the other. When the load is properly 
balanced, there will be no flow of current through 
the neutral, which is the reason for so calling it. 
This system is now seldom used. 


Wire Connections 


The connections in electric wiring should be 
soldered. ‘The unsoldered connection may work as 
well as a soldered connection at the time of being 
made, but the resistance always increases. 


Soldering paste: Do not use acid when soldering 
electrical apparatus or wiring, as acid is an electrical 
conductor and destroys the insulation. It is much 
better to use a non-corrosive soldering paste. 


Tape: Do not use friction tape on high-tension 
wiring or on other wiring where the grease or oil can 
get to it. It is much better to use linen tape and 
shellac. Friction tape will not, insulate ignition cur- 
rent, neither will it hold when oily. Repairmen 
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often burn the alcohol out of the shellac after coating 
withit. This causes it to harden, and makes a hard- 
coated insulatian. 


Hise 12 Pig, 13 


When placing a wire terminal under a terminal 
nut, twist the wire in the direction in which the nut 
turns, as shown in Fig. 12. 


When connecting a wire under a screw or nut, use 
a brass washer. 

Note. When stranded wire is used on any part of a ear, 
sometimes one strand will play loose from the others and cause 
a short circuit. Always twist and solder the ends of stranded 
wires. 


Use wires with different colored insulation when wiring the 
car; then they can easily be traced. 


Starting-Motor and Battery-Cable 
Connections 


Short circuits: Fuses, which will melt on a dead 
short circuit and open the circuit, are usually pro- 
vided on all parts of the electric system, except from 
the battery to the starting motor. The current here 
is too great for a fuse. 


It is plain, therefore, that if the insulated cable 
(1, Fig. 14) should become frayed and touch the 
frame or any metal part of the car, a dead short 
circuit would result. If this were left shorted for 
several hours, the plates would be likely to become 
buckled inside of the battery and touch each other 
and cause an internal short circuit which could not 
be repaired. A battery is on practically a dead 
short circuit each time the engine is started, but only 
for a moment. 


Result of Open Connections between 
Generator and Battery 


Open circuits: If, on the other hand, the ground 
terminal (G) of the battery to the frame, or the wire 
from the battery to the generator, in fact all wires 
in the circuit from the generator to the battery and 
ground, are not in perfect contact, there will either 
be a resistance set up which will reduce the charge 
going to the battery and the discharge from the bat- 
tery, or a complete open circuit. 


If a complete open circuit should exist between 
generator and battery, especially on a constant- 
current-regulated generator, such as a third-brush- 
regulated generator, then this would have the same 
effect as if the battery were disconnected from the 
circuit. The result would be that the generator 
would build up a high-current value at high speeds 
and burn out the lights and possibly the cut-out 
winding, and might also damage the field windings. 


How to Make Connections 


Good connections from generator to battery and 
battery ground connection are, therefore, very 
important. The battery ground connection is not 
only used for the starting-motor circuit, but is used 
for the generator and all other circuits. 


The ends of wires or cables should be “tinned” 
by dipping them in molten solder and then cleaned, 
and strong copper terminals should then be soldered 
thereto for attaching to the motor and to the switch. 
The terminals themselves should also be cleaned 
before soldering. 


If the battery terminals are sulphated witha green 
corrosion, wash them off, as well as all surrounding 
parts, with carbonate of soda or some other alkali. 


Clean the battery terminals inside with a round 
file and the terminal itself with a flat file. The acid 
of the battery tends to corrode the terminals, and 
after cleaning, a little vaseline will help to prevent 
this (on the lead terminals and the lugs of the bat- 
tery). ; ; 

The ends of wires connecting with the battery are 
fitted with copper terminals which are lead coated. 
On the cable leading from the battery to ground on 
the end of the cable which grounds to the frame, a 
heavy copper terminal is used. It is important that 
these lugs be properly scraped, cleaned, and soldered, 
and that all connections be drawn tight. 


The frame, where the ground is made, should be 
scraped clean, and the connection should be drawn 
tight with a bolt. 


Poor connections at. battery terminals, or ground, 
will often result in slow cranking of the starting 
motor, in dim lights, and in a weak current supply 
in general from the battery. 


Wiring Troubles 


Wiring troubles are numerous if the wiring is not 
propery done. All connections must be soldered. 
Oil and grease destroy insulation. Moving parts. 
must not touch wires. Protect wires from chafing. 
Avoid frayed ends. Tape allconnections. Connec. 
tions and terminals must be kept tight. Vibration 
often jars them loose. 


WIRES AND ACCESSORIES FOR LIGHTS, HORN, ETC. 


These wires should be protected from oil and 
dampness and from the frame. There are two 
methods, either or both of which may be used. One 
method is to use armored wire (Fig. 15), where 
the wire remains permanently in the metal armor. 
The other method is to use a conduit, where it is 
possible for the wire to be withdrawn. 


Conduits (Fig. 16) provide a complete enclosed 
runway for wires from which they can be withdrawn 
if necessary and through which new wires can be 
installed. A conduit affords protection from 
mechanical injury, such as bruises, etc. The con~ 
duit is made of galvanized steel and is flexible. 
Conduit is now seldom used, 


Flexible-steel armored cable is very popular. It 
can be purchased containing one or more wires. 
The wire cannot be withdrawn. 
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Fig. 15 

Armored cable. 
Showing wires run through metal, flexible tubing 


Fig. 15. 


Fig. 16. 
or conduit, 


WIRING A CAR 


The coupling box (Fig. 17) provides a convenient 
and easily separable means for connecting together 
the wiring on the chassis and on the car body 
(seldom used). ; 


os nee o™ 


Fig. 19 
Fig. 17. 
Fig. 18. 
Fig. 19. 


Coupling box. 
Junction box. 
Lighting switch. 


The junction box (Fig. 18) is for use wherever a 
branch circuit is tapped off the main wiring. If it is 
used, no taping of joints is required, and proper 
connection is assured without soldering. It also 
affords a junction from which to make tests. (Now 
seldom used.) 


Fig. 20 


A junction block, as used on the Studebaker “Big 
Six” car, is shown in Fig. 20. Note that the fuses 
are included in the junction box. 

Ignition switches are made in many different 
forms and are usually placed on the cowl (dash) of 
the car, and are operated with a key, The ignition 
switch must be ‘‘on”’ when the engine is started. 

Starting motor switches are usually operated by 
the foot. See Index under the caption, ‘‘Starting- 
motor switches.” 

Lighting switches are usually placed on the cowl 
(dash) of the car, and are of the “push-botton 
tvpe. They are usually termed “gang” switches. 
Fig. 19 shows a “two-gang”’ type. 

A touring switch is sometimes provided on a car 
or the purpose of allowing the operator to discon- 
inue the charge from the generator to the storage 
yattery when the car is on a long tour, running 
nostly during the day. 


Fuses 


Fuses are used on many systems, particularly 
vhen the “grounded” or ‘‘single-wire system” is 
ised. The purpose of a fuse is to melt and open 
he circuit in case of a short circuit, and thus to pre- 
rent discharge of the battery. 

A fuse is never placed in the circuit between bat- 
ery and starting motor, as the current consumption 
s too great. 
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Note. When a fuse “blows,” it should not be replaced with 
a hew one until the cause of its blowing (usually a short circuit 
or overload) is found. 


Fuse wires are made in different diameters. The 
fuse is made of lead alloy and will melt at a given 
temperature. 


If a lighting circuit required 10 amperes of current, 
then a 15-ampere fuse would be placed in the circuit. 
Therefore current up to 15 amperes could pass 
safely; but if more attempted to pass, which would 
naturally be the result if a short circuit existed, the 
fuse would melt and open the circuit. 


Fuse blocks (Fig. 21) are usually placed inside of 
the cowl (dash), under the hood of the engine, or in 
the form shown in Fig. 22, which is placed on the 
cowl, and to which the different wires of different 
circuits are connected. 


The illustration in Fig. 22 is the fuse box used on 
the Studebaker “EJ.”’ Tt is placed on the cowl and 
contains three fuses: one for the headlights, one for 
the tail light, and one for the horn, and the dash 


lamp: It is also arranged to hold one spare fuse. 
{1— (F343) J —\ Fuse 
(Aue BLOCK 
u 
il FUSE 
FUSE bh LiL CLIP 


Fig, 21. Fuse block. 


The fuse is placed in series with the circuit. If 
a fuse melts, or “‘blows,”’ it is then an easy matter to 
insert another fuse, of which extras should be car- 
ried. Extra fuses are usually carried in a fuse clip 
on the fuse block provided for the purpose, and to 
which there are no wires connected. 


FUSE BOX 


Fig. 22. Round-type fuse box. 


There are three types of fuses: (1) The cartridge, 
or enclosed type (Fig. 23) which consists of a fiber 


Fig. 23 (upper) Rig, 251 ( 
Fig. 24 (lower) fig. 254A (lower) 
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tube with the fuse enclosed, and which connects with 
the metal ends. The metal ends are then slipped 
into the metal fuse clips which should make good 
contact. With this type of fuse, when it blows, a 
hole is usually blown in the thin fiber shell. 


(2) The visible type (Fig. 24) is the type most 
used. The fuse is enclosed in a small glass tube, 
and connects with metal ends which are slipped into 
the fuse clips. 


(3) The open type (Fig. 25) is seldom used. The 
fuse block to accommodate this type is shown in 
Fig. 25A. A screwdriver is necessary to connect or 
to disconnect a fuse of this type. 


Capacity of Fuses 


The size of fuse to use is determined by the 
amount of current that is to pass through it. If the 
fuse is to be placed in the headlight circuit and 514 
amperes are required, then a 10-ampere fuse would 
be ample protection. 


On an average, a fuse of about 10-ampere capacity 
is used in the ignition circuit, if one is used in this 
circuit at all, which is seldom. 


Fuses in the lighting circuit are used on almost all 
cars, unless a circuit-breaker is used instead, as on 
the Delco systems. The capacity for headlight 
fuses is 15 to 20 amperes. The tail-light fuse is 
usually of a 5-ampere capacity, and the horn circuit 
of a 15-ampere capacity. 


On many cars where fuse blocks are used, it will 
be found that, although there are fuse clips provided 
for fuses, a “jumper” is placed in the clips instead of 
fuses, in all circuits except the horn and lighting 
circuits. 


Testing a Fuse : 
The enclosed type of fuse, if suspected of being 


blown, or the visible type, if connection of the fuse 
with the metal part is suspected of being loose, can 


Fig. 26. Testing a fuse. 

be tested with a test light (2 ¢.p.), and battery, as in 

Fig. 26. If the fuse is blown or the connection is 

loose, the light will not light, as the circuit is open, 
s 


Fuse Clip Connections 


The importance of good contact and clean fuse 
clips is very great. If the clips are corroded, or if 
the fuse is not making good contact in the fuse clips, 
resistance will be offered to the flow of current. 
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Fuse Between Generator and Battery 


If a complete open circuit should exist betw 
fuse clip and fuse, and this fuse should be in se 
with the main charging circuit, between the gent 
tor and battery, this would have the same effec: 
disconnecting the battery from the generator. / 
if the generator regulation was by means of a tk 
brush, the result would be, at high speeds of 
generator, that the generator would build up a h 
value and burn out the lamps and possibly the « 
out voltage winding and shunt-field windings, if 
generator was run for a long period of time at a h 
speed. Thus the importance of occasionally exe 
ining the fuse clips to see if they are clean an 
they retain tight connection, must not be forgott 


If a fuse should blow in the ‘‘main charging + 
cuit,’ between generator and battery, the sa 
result would probably occur. For this reason 
fuse is omitted in the main charging circuit on ms 
of the electric systems using a third-brush regula 
generator, unless there is a fuse in the “‘field-circu 
of the generator. 


Shunt-Field Fuse 


On almost all third-brush regulated generator: 
fuse is placed in the “‘shunt-field circuit” of » 
generator, in order to protect the generator in e 
an open circuit occurs in the “main charging circui 


In other words, if an open circuit should occu 
the ‘‘main charging circuit’”’ when the generator y 
running at high speeds, the generator would build 
a much higher output than normal. If a fuse 
placed in the ‘‘shunt-field circuit,” then the fuse 1 
“blow” and open the “shunt-field circuit,” thus p 
venting the generator from reaching an abnorn 
value—providing the “shunt-field fuse” is of 1 
proper capacity. If the fuse should be of a mt 
higher value than required, it would not blow 
time to prevent the generator building up, and 1 
lights would be burned out. Hence the importar 
of using the correct capacity of fuse in the generat 
“shunt-field winding,” and a fuse of a large enou 
capacity, or none at all, in the “main charging « 
cult.” As already stated, a fuse is seldom placed 
the main charging circuit from the generator to t 
battery where a third-brush regulation system 
used, and seldom in the ignition circuit. See. Fig. 
page 426. 


Delco Ciseuitsbec bes 


A circuit-breaker is used on Delco electric S} 
tems in place of fuses. This device opens the ¢ 
cuit when the current is above normal, as, | 
example, when a short circuit occurs. The circu 
breaker is not placed in the generator “ms 
charging circuit,” however, but is usually placed 
series with the lighting or horn circuit. “See Ind 
“Delco circuit-breaker.” 


Westinghouse Compensator 


A small cylindrically wound resistance unit 
sometimes aarporased with the fuse block in so1 
of the Westing ouse systems, and is termed 

compensator” or “ballast-resistor.”” Its purpose 
to protect the side lights from over-voltage, wh 
the headlights are not lighted. ; 


INSTRUCTION No. 38 
LIGHTING A CAR: Electric Lighting; Gas Lighting; Oil Lighting 


LIGHTING 


There are three methods for lighting a car: By 
etylene gas, by electricity, and by kerosene oil. 


The gas light can be produced from carbide in a 
generator,” or it can be stored in a “‘gas tank” and 
ried on the car. 


Electric lights are supplied with electricity from a 
orage battery. When the storage battery runs 
wn, it can be recharged from an outside source, or 
om a dynamo, run from the engine. 


The old-style ‘“‘carbon filament” in the electric 
obe consumed so much current that it was difficult 
obtain a storage battery of a reasonable size and 
eight which would supply current for any length of 
me. The carbon filament lamp used a filament 
lemically treated and ina vacuum. The filament 
the ‘Tungsten Mazda” globe reduces the current 
msumption, and is not lable to break with the 
sual motor-car vibration. 


METHODS 


Lights on the car may be divided into those which 
are required by law (headlamps and rear lamps), 
and those which add to the convenience and comfort 
of the driver and his passengers. Side lamps are 
now seldom used, but small 5 or 6 c.p. lamps are used 
in the headlamps for city driving, and are often 
termed ‘dimmer lamps.” 


Although some of the older pleasure cars and 
some trucks and other slow-moving vehicles are 
still equipped with gas or kerosene lamps, electricity 
a the standard method of car lighting at the present 

ime. 


It is well worth knowing that any oil lamp can be 
quickly and inexpensively converted into an electric 
lamp by obtaining ‘adapters’ from any of the 
accessory dealers. 


Oil light and gas lights are now seldom used, but 
are mentioned farther on as a matter of information. 


AUTOMOBILE ELECTRIC LIGHTING SYSTEMS 


There are three methods of furnishing electric 
irrent for car lighting: 


(1) By independent storage battery system. 
(2) By the generator and battery system. 
(3) By an independent generator system. 


(1) Where an independent storage battery system 
used, the capacity of the battery must be great 
ough to run the headlamps and rear lamps for a 
asonable time before the battery has to be re- 
arged. 


A current consumption of approximately 7.85 
aperes is required for headlamps and for rear and 
sh lamps, the equipment of the average car. 


A 100-ampere-hour lighting battery would run 
ese lights for about twelve hours of steady burning. 
ider average conditions this would mean that the 
ttery would have to be recharged about once a 
ek. A 120 or 150-ampere-hour battery will not 
st much more than a 100-ampere hour and will 
ve longer service. 


(2) Generator and battery system: The advantage 
this system is that it automatically keeps the bat- 
-y charged, and permits more current to be used 
- lighting without danger of running down the 
ttery while on the road. Thisisthe method now 
nerally used. The generator is driven by the 
gine and charges the battery. The battery sup- 
es electric current for the starting motor, ignition 
- starting, and also for lights, if the generator. 1s 
t charging the battery. In such a case, current is, 
oplied for ignition and for lights by the generator. 


(3) Independent generator system: The Ford as 
example: The generator in this system delivers 
ernating current which is used for both lighting 
d ignition. The battery cannot be charged with 
ernating current, and on this account the lights 
1 be run only when the generator 1s running. 
us the strength of the light varies with the speed 
the engine unless some type of regulator is 
talled. ‘This system is used only on Ford cars of 


the model ‘“‘T” type, which were not equipped 
with an electric generator and battery. The present 
Ford enclosed models are thus equipped. 


Another type of magneto which, if run fast enough 
will light electric lamps, is the inductor type of mag- 
neto, shown in Fig. 12, page 246. The ‘“‘shuttle”’ type 
of armature magneto will not light lamps. 


Where Lamps Are Placed 
Headlamps, of which there are two, are usually 
connected in parallel. The candle power varies 
from 15 to 21 ¢.p. each. 


Side lamps are usually placed one on each side, 
and are usually connected in parallel. They are of 
4 c.p. each, but are now seldom used, being placed 
in the headlamps as “auxiliary” or ‘‘dimmer” lamps, 
for use when the car is standing, or for city driving 
and to save current. 


Spot lamp: Only one is used, usually a nitrogen 
lamp of 21 or 32 c.p. (not permitted to be used in 
several states). 


Rear lamp, also called “tail lamp”: Always with 
a red lens in the rear and a white light at the side, to 
illuminate the license number. It is usually 2 ¢.p. 


The tail light and instrument lamp are often con- 
nected inseries. Ifthe rear lamp should burn out, 
the instrument lamp would not burn, and vice versa. 
This is an advantage, because the law requires that 
the rear light burn during the night. Since it is 
impossible to tell from the seat if the rear light 
should fail, this method is used. The voltage is 
just one-half of that of the regular lighting circuit 
when connected in series. 

Step lamp: Two of these are sometimes placed 
just below the doors, and are usually 4 ¢.p. 

Dash or instrument lamp: Placed over the 
instruments, such as the speedometer, ammeter, etc., 
and are 2 ¢.p. 

Inspection or trouble lamp: A lamp and extension 
cord, carried under the seat, and, in case of need, is 
connected in the dash-lamp socket; usually 4 c.p. 
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Tonneau lamp: Placed back of front seat; 4 ¢.p. 
Dome lamp: Placed in the ceiling of the car; 4¢.p. 


Pillar lamps: Usually two of these, placed on the 
rear pillars, one on each side in rear of car; 4c. p. 


It is advisable to use the best grade of lamp, of as 
low a candle power, and with as few lights as pos- 
sible, if the battery does not get sufficient charging 
from the generator. 


Candlepower, Voltage, and Amperage of 
Electric Lamps 


The candle power of a lamp is expressed as c.p. 
Although we speak of a lamp as being 21 c.p., we 
really refer to the spherical c.p. This means that 
21 c.p. is sent out in every direction. 


A reflector does not increase the brilliancy of the 
light from the filament. It simply takes the total 
amount of light whichis thrown in all directions, and 
concentrates it in one direction (see Figs. 20 and 21, 
page 436). For instance, with a “spreading beam,” 
the brilliancy is not as intense as from a “straight 
beam”’ (see page 436). 


The voltage is usually that of the battery, but 
quite often, to save the lamp from burning out, a 
lamp of one or two volts higher is used. For 
instance, if a 6-volt lamp is used on a lighting cir- 
cuit using a 6-volt battery, the ight would be bright 
as long as the battery was fully charged. If a 
generator is used to charge the battery and supply 
current for the lights when the car is running over 
10 or 15 m.p.h., then the probabilities are that the 
generator would develop a slightly higher voltage 
than the battery. The result would be that the 
higher voltage would increase the brilliancy of the 
lamps and cause them to burn out quicker than if 
the voltage was the same as or less than that of the 
lamp. For this reason lamps of a voltage of, say, 
1 or 2 volts higher than the battery voltage are used. 


The amperage, or quantity of current consumed, 
is governed by the candle power of the lamp—the 
c.p. averages from 2 to 382. The higher the candle 
power, the more voluminous is the light—if voltage 
or pressure is In accordance with that of the lamp— 
therefore the higher the e.p., the more current or 
amperes consumed per hour. 


Watts: If you multiply the volts by the amperes 
the result is expressed in “watts.’”’? For instance: 
6 volts multiplied by 2 amperes gives 12 watts (there 
are 746 watts to a horsepower). 


Automobile Electric Lamp Bulbs © 


Two types of lamps are used for car lighting: the 
vacuum type, usually known as Mazda B, and the 
nitrogen-gas-filled lamp, known as the Mazda C. 


The vacuum lamp uses a ‘Tungsten’ filament 
instead of a ‘“‘carbon’’ filament. The carbon fila- 
ment lamp requires more current and is now seldom 
used. ‘The air is withdrawn from the bulb of a 
vacuum lamp, hence a vacuum. 


The gas-filled lamp also uses a Tungsten filament, 
but the bulb is treated with nitrogen gas which 
increases the brilliancy by increasing the heating 
intensity of the filament. For this reason the ‘‘gas- 
filled”’ lamp is very sensitive to an increase of voltage 
and is best adapted for ‘“‘constant-voltage” regulated 
generators. 


The source of light is the fine wire at the center of 
the lamp bulb, known as the “filament.”” The cur- 
rent heats this wire white hot. If a bulb was 
designed for 6 volts, and the circuit was 12 volts, 
then this wire would become so white it would burn 


up. If designed for 12 volts and the circuit was 6 
volts, the filament would be yellow and dim. 


BS Be a 


Filaments of lamps are made in different shapes: 
(A) is the type used for house lighting, and is not 
suitable for automobile use on account of vibration. 
(B) is a type used for rear, speedometer, side, and 
auxiliary lights, as the Mazda B, 62, 63, 64, 81 and 
82. This lamp does not require focusing. (C) is 
a type used for headlight lamps, as Mazda B 1125, 
1126. (D) is of a similar construction. Another 
type of filament is that shown in the Mazda C lamps. 
All bulbs for headlight lamps must be focused. 


Mazda B lamps usually have this wire or “fila- 
ment” made up in the form of a spiral about 3/16” 
long, and 14” in diameter. This gives a uniform 
distribution of light all around the spiral. 


Mazda C lamps usually have the filament made 
up in the form of an inverted “V.” In most types 
of C lamps the V is about 14” high and about the 
same distance across the base. Some makers of 
type C lamps make the V about 3/16” long and 14” 
across the base. This form gives a much better 
distribution of light than the short V. 


The voltage lamp to use depends upon the voltage 
of the system. If you do not know this, count the 
cells of the storage battery. Each cell gives 2 volts. 


Use of the Mazda B and C Lamps 


The Mazda B lamp is designed for all lights, such 
as rear, side, and headlights. It is made in 6 to 8- 
volt, and 12 to 16-volt sizes. 


The Mazda C lampis designed for headlight lamps 
and spot lights, and is made in 6 to 8-volt and 12 to 
16-volt sizes. 


The candle power of these lamps is given in tables 
farther on. 


Where 21 c.p. or less is used in headlamps, the 
type B will usually give the best satisfaction, even 
though they take 20 per cent more current, owing to 
the sensitiveness of the Clamp. The spiral filament 
of the B lamp also gives a better distribution of light 
than the C with a short filament. 


Where more than 21 c.p. is desired, type C must 
be used, but those with a long “V” are preferable. 


The Mazda C lamp is brighter and gives more ¢,p. 
for the same amperage consumption, but is more 
sensitive to voltage variations, as previously stated. 
_ Note. As the lamps become older, the current consumption 
increases. If the glass of the lamp bulb is blackened or the fila- 
ment bends down, and if less than its rated c.p. is being used, 
it will be best to replace the lamp bulbs. P 

In order to tell what class of base of lamp bulb is. 
required on a car: If the wiring of the car is a single- 
wire grounded system, then an “S.C.” base is 
required. If the wiring 1s a two-wire system, a 
“D.C.” base is required. 


To ascertain the voltage: Count the cells of the 
storage battery. If there are 3 cells, a 6-volt lamp 
is required; if 6 cells, a 12-volt lamp is required. 
Each cell is counted as 2 volts. 

To determine the candle power to use: First. 
determine the voltage. Then refer to the tables 
following. For instance, if there are three cells to. 
the battery, then the voltage is 6 volts. Refer to 
the table “6-8 volts.” Note that the headlamp 
bulbs are made only in 15 ¢.p. in class B, and in 21° 
¢.p. in class C. Therefore one or the other must be 
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selected. The rear and speedometer lamps are 
2 c.p., but if the rear light and speedometer light 
are in ‘‘series,” then a 3-volt lamp is required. The 
side and auxiliary lamp is made only in 4 c.p. 


Mazda Lamps for 6 to 8 Volts 


MAzDA—61 Mazvoa—63 Mazpa—81 Mazpa— —1129 
G-6 Bulb G-6 Bulb G-8 Bulb ee Mea cnape 
Mazpa B Mazpa C 
6-8 VOLTS 
FOR AUTOMOBILE SERVICE 


; MAZDA B LAMPS 
FOR REAR AND SPEEDOMETER LIGHTS 


(2 in Series, each lamp 3-4 Volts) 


@ | pe lpe4] 2 [co | sa 


MAZDA B LAMPS 
FOR REAR AND SPEEDOMETER LIGHTS 


631g nei Te 

a1 | Dc, | }6-s | 2 |G-6 | 47 
MAZDA B LAMPS 

FOR SIDE AND AUXILIARY HEADLIGHTS 


Sp Sc 
OL dl aac | } 6-8 | 4 | G- 8 | .80 
MAZDA B LAMPS 
FOR HEADLIGHTS 

1125] S.C. 
Hee ene }o-s 15 | s-11 2.31 
MAZDA C LAMPS 
FOR HEADLIGHTS AND SPOTLIGHTS 
1129] S.C. 
fe eee | \6-8 21 | s-11 2.81 


Mazda Lamps for 12 to 16 Volts 


Mazpa—67 Mazpa—89 Mazpa—1139 Mazpa—1141 
G-6 Bulb G-8 Bulb S-I11 Bulb S-11 Bulb 
Mazpa B Mazpa C 
12-16 VOLTS 
FOR AUTOMOBILE SERVICE 
MAZDA OLASS | AMPERES 


NUMBER 


MAZDA B LAMPS _ 
1 FOR REAR AND SPEEDOMETER LIGHTS 


oe [los } 12-16 3 |G. 6 | 190 Bayo? & 


MAZDA _B LAMPS 
FOR SIDE AND AUXILIARY HEADLIGHTS 


90 | BG } 12-16] 4 | G- 8 | 36° 


MAZDA B LAMPS 
FOR HEADLIGHTS 


1139] S.C. ; 
Pleas he 15 | su 1.09 ¥ 


MAZDA C LAMPS 
FOR HEADLIGHTS AND SPOTLIGHTS 


nal sc. | 
HT SS [pie a [sti [eae 


+ For use two in series On 12-16 volt systems, MAZDA Nos. 63 and 64 are 
customarily employed. 
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ily 


Mazpa~—1126 Mazpa—1130 Mazpa—1125 Mazpa—1129 
S-11 Bulb S-11 Bulb S-11 Bulb S-11 Bulb 
Mazpa B Mazpa C Mazpa B Mazpa C 

FOR FORD CARS 


MAZDA, 
NUMBER 


BASE | VOLTS 


6-8-volt lamps, to be burned two in series on magneto light- 
ing system. To insure most satisfactory service, see that 
two Mazpa-1126 lamps or preferably two Mazpa-1130 


lamps are operated in series. Fitted with double 


contact (D.C.) bayonet candelabra base. 
MAZDA B LAMP FOR HEADLIGHTS 


1126] Dc. | 6s | 15 | sin | 231 
MAZDA C LAMP FOR HEADLIGHTS 
1130] D.c. | 6-8 | 21 | S:11,] 2.8% 


6-8 volt lamps, for cars equipped with 3-cell (lead type) storage 
battery-generator lighting system. Fitted with single con- 
tact (S.C.) bayonet candelabra base. 


MAZDA B LAMP: FOR REAR AND AUXILIARY HEADLIGH1S 
és |-ac. | 62 | 2, 1G. 6 | oa 
MAZDA B LAMP FOR HEADLIGHTS 
1125] S.C. f 6-8 | 15 | Sta] 231 
MAZDA C LAMP FOR HEADLIGHTS 
Ti2o[/Msicr ere) | a7 eat | 2.80 


Note that where lamps are to be used on a Ford 
magneto, two lamps (No. 1130) are connected in 
series. 


A Double-Filament Edison Mazda Headlight 
Lamp 


The purpose of this lamp is to dispense with two 
lamps in the headlights, and thus to do away with 
the separate “dimmer” lamp. This lamp, shown 
in the illustration, has a double filament using a DC 
base. It is a gas-filled Mazda C type, built in the 
S11 type of bulb, having a 21 c.p. filament as well as 
a 4c.p. filament. Both filaments pass through the 
focal area of the reflector. 


Mazda No. 1158, double-filament lamp, showing 
the circuit (1) when the 21 c.p. filament is on and the circuit (2) 
when the 4 c.p. filament is on. 


Fig. 6. 


This type lamp is made only for 6 to 8 volts and is 
numbered Mazda 1158. 
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Two wires are used for connecting to the lamp 
socket from switches. (A) and (B) are terminals of 
the base and are insulated; (C) is grounded. 


When the 4 c.p. filament is used, the circuit is 
through (B) insulated, and (C) grounded and the 
switch is connected on terminal 2. 


When the 21 c.p. filament is used, the circuit is 
through (A) insulated and (C) grounded and the 
switch is connected on terminal 1. 


Lamp Bulbs and Sizes for Motorcycles 


~ There are only two lamp bulbs listed for motor- 
cycles: 


Class B, Mazda 63, 8. C., 6-8 volts, 2 ¢.p., G-6. 
Class C, Mazda 1129, S. C., 6-8 volts, 21 ¢.p., S-11. 


Meaning of Abbreviations 


The abbreviations used with the lamps, such as 
“G-6,” “G-8,” and “S-11,” refer to the shape and 
size of the bulb. 


For instance, “G’’ indicates that the bulb is 
round or globular; 6 means that many eighths of an 
inch, or 6/8” or 3/4” diameter. ‘“G-8” would be a 
round bulb, 8/8” (or 1’) in diameter. 


Where the designation ‘‘S-11’’ appears, the “S” 
indicates “‘straight side,” and the 11 designates the 
diameter in eighths of an inch, or 11/8=13¢” diam- 
eter. 


Formerly all of the bulbs were round, but now 
only some are round, such as “G-6” and “G-8,” 
The other bulbs are pear shaped and designated as 
“S.”” They are not really straight, but this term is 
used in order to distinguish them from the round bulb. 


Where figures appear under the “voltage” of the 
lamp bulbs, as ‘6-8,”’ or “12-16,” this means that 
the lamp is intended for electric systems using a 
6-volt battery, but will stand a voltage up to 8 volts. 
The lamp sometimes gets this—or near it—when 
the generator is charging the battery, as the genera- 
tor voltage is slightly higher than the battery volt- 
age. 


The “12-16” lamp is for a 12-volt system, such as 
a Dodge, and the lamp is capable of withstanding a 
generator voltage as high as 16 volts. 


Lamp Bases 


There are four types of these: (1) double-contact 
bayonet candelabra; (2) single-contact bayonet 
candelabra; (3) candelabra screw base; (4) minia- 
fure screw base. Hach of these is shown in the illus- 
trations. 


The lamp base is that part which is fitted to the 
ond of the bulb and fits into the socket. 
of the types mentioned above are in general use for 
wutomobile work: the “S.C.,” meaning “single 
‘ontact,” and the “D.C.,” meaning ‘double con- 
act.”” The “S.C.” is used most. 


The double-contact base (D.C.) (Fig. 7) has two 
ontacts (note the top) insulated from the metal 


Figy 9 


Fig. 10 


Only two, 


base. . These contacts are connected with the ends 
of the lamp filament; and when connected to the 
socket they make contact in the socket with the 
circuit. The “D.C.” base and socket are used only 
for a ‘“‘two-wire insulated” system of wiring. 


The single-contact base (S.C.) (Fig. 8) has one 
contact in the center which is insulated from the 
metal base. One filament of the lamp connects 
with this center contact, and the other end of the 
filament connects with the metal base. When 
placed in the socket the center contact connects 
with an insulated terminal in the socket, which con- 
nects with the single insulated wire of the light cir- 
cuit, and the rest of the socket and outside part. of 
the base are grounded. The “S.C.” base and 
socket are used only for the “‘single-wire, grounded”’ 
system of wiring. 


The words ‘‘Bayonet”’ and “Candelabra,” which 
appear in the tables to designate the type of base, 
are explained as follows: 


Bayonet base: The “Candelabra” screw type 
base (Fig. 9) was originally used on miniature lamps, 
but owing to the vibration of the automobile, the 
lamps would loosen. A type of base was then 
designed as shown in Figs. 7 and 8, the single contact 
(Fig. 8) being used most and arranged as shown in 
the illustration (Fig. 11). The base (B) is thrust 
into the socket (S) through slot and is then given a 
turn or twist which locks (T) in place. The thrust- 
ing effect was what gave the base its name: “Dayo- 
net type.” The word “candelabra” is also used 
with the word “bayonet,” but a candelabra base is 
really a screw type, as shown in Fig. 9. 


Fig. 11. 
the opening of (S). Contact is made by (C) at (H), which 
conducts the current from (W) to one end of the filament, back 
to the grounded base, thence to ground (G), or to (W1) which 
is grounded. (I) is insulated from the socket (S), and (C) is 
insulated from the base (B). ‘ 


(B) is the base, 8S. C. Type. 


The tip (T) locks in 


The candelabra screw base (Fig. 9) is not used for 
automobile work, because of the vibration. This 
type is often used on trouble lamps, flash lamps, ete. 


The miniature screw base shown in Fig. 10 isa 
smaller size, used principally for decorating pur- 
poses, 


Lamps must be selected according to the type of 
sockets used on the ear. Ona single-wire grounded 
system, use an “S.C.” base. On a double or two- 
wire system, use a “D.C.” base. . 


Headlight Adjustment 


The light you get on the road will depend on the 
candle power you get from the lamp in the reflector; 
on the focus or adjustment of the lamp in relation to 
the reflector; and on the direction in which the 
headlamp itself points. 


Different Focusing Adjustments 


Getting the lamp bulb in the proper relation to 
the reflector to give the best light on the road is 
called “focusing.”’ All headlamps are provided 
with some means of moving the lamp bulb back and 
forth along the center jine of the reflector, which 
line is called the axis. ‘The four types of adjust- 
ments (Figs. 12, 18, 14 and 15) shown, should cover 
practically all of the headlamps used. 
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Fig, 12 Fig, 13 Fig. 14 


Rig, 15 


Fig. 12 has an adjusting screw or knob near the center, on the 
rear of the headlight shell. The lamp bulb is moved forward by 
turning the serew or knob (1) to the left, and backward by 
turning it to the right, . 


Fig. 13. The lamp is held in place by a ratchet device (2). 
The lamp is moved forward or back by grasping the bulb and 
either turning the bulb to the right or pressing it to one side 
or the other to disengage the ratchet, and then pulling or push- 
ing the lamp in its socket to the next notch in the ratchet. If 
the lamp does not move easily, remove the reflector and see 
how the ratchet works. 


Fig. 14. The adjustment is made by turning the large screw 
(3) in the rim of the headlight front just at the edge of the 
reflector. By turning this screw to the right, it will move the 
lamp forward in the reflector. Turning it to the left moves it 
backward in the reflector. 


Fig. 15. The lamp is held in place by a set screw (4) in back 
of the reflector. When the set screw is loosened, the lamp 
may be moved backward or forward. The set screw must be 
tightened securely to hold the lamp in place. 


Example of Headlamp Adjustment on the 
Studebaker 


Fig. 16 shows the type of headlamp used on the 
Studebaker ‘‘Light Six” car, and Fig. 17 shows that 
used on the Studebaker ‘Big Six.’’ Observe the 
two methods of adjustment; also the manner in 
which the door or rim is removed, etc. 


TO REMOVE LAMP DOOR: PRESS IN ONRIM &TWIST TO LEFT 


TO FOCUS: TURN I). TO FOCUS: PRESS DOWN 
FOCUSING SCREW ® 4 ON BULB AND SLIDE 
WHICH MOVES BULB AND 


LAMP BULB 


CONNECTOR 
PLUG &/ y 
SOCKET eo) _) tan e) 
ADJUSTING CLAMP BRACKET TO OR RIM 
FASTEN TO FENDER 
Fig. 16 Fig. 17 


To remove the door (Fig. 16): Press in hard 
against the rim of the lamp, and twist in a counter- 
clockwise direction. The same applies to Fig. 17. 


To replace burned-out bulbs: Remove the door; 
then remove the bulb by pressing it into the socket 
and twisting it one way until it is released from the 
catch. See Index, for lamp-bulb sizes for various 
cars. 


If a lens breaks, and a new one has to be’ordered, 
the name and size will usually be found moulded into 
the lens. 


The “door” to the headlamp on various makes 
may be fastened on in one-of several ways. There 
may be a hinge at the top and a screw clamp at the 
bottom, or the hinge may be at one side and the 


clamp at the other. If no hinge shows, and the 
“door” overlaps the shell of the headlamp, the 
“door” can probably be removed by pressing it in, 
and at the same time turning it to the left, as de- 
seribed above. 


In some headlamps, the glass is held in place by a 
retaining spring, which slips in between the head- 
lamp shell and the glass. 


In other headlamps, the rim which holds the glass 
is held up against the shell by a band which fits over 
shoulders on both rim and shell, and is drawn up by 
a screw at the bottom of the headlamp. 


Tilting Reflectors 


On some makes of lamps the reflectors are 
arranged so that the reflectors can be tilted. One 
method is as shown in Fig. 18 (as used on the Lexing- 
ton), and another method is the one used on the 
Cadillac (Fig. 19). 


Bellows for Tilting the Reflector 


The operation of the reflectors (Fig. 18) is con- 
trolled by a small three-way valve located on the 
instrument board, the partial vacuum created in 
the engine by the suction stroke of the piston being 
utilized to exhaust the air from the metal bellows 
connected to the reflectors when it is desired to 
illuminate the road for a long distance. To accom- 
plish this the handle of the valve is turned to the 
letter (H) on the dial. 


When it is desired to lower the reflectors to their 
tilted, or normal, position, the handle is turned to 
the letter (L) on the dial, which breaks the communi- 
cation of the bellows with the engine and allows air 
to enter the bellows through a port in the valve. 
Communication is maintained between the inside 
of the headlights and the engine by %”’ O.D. 
annealed copper tubing, and between the end of 
the tubing and the bellows by rubber tubing, in 
order that the movable reflector unit may be easily 
removed. 


HEADLIGHT WITH 
TILTING REFLECTOR 3 


erunins awesswrea rdf 


LAMP SUPPORT 
CASTING 


ON 


CUT OFF VALVE 
NO.e 


HEADLIGHT WITH 
TILTING REFLECTOR 


Vig. 18. Tilting reflectors, as used on the Lexington. The 
bellows has the appearance of a coil spring, and is just back of 
the center of the reflector. The bellows expands and pushes 
the reflector forward at the top, giving the focal point of the 
lamp a deflection of five degrees. This is what happens with 
the control lever at (L): When the lever is at (H), the bellows 
contracts by action of the engine piston and thus deflates the 
bellows and pulls the reflector back at the top, giving to the 
focal point of the lamp an elevation of five degrees. 


A check valve is placed in the vacuum line between 
the three-way valve and engine to prevent a quick 
change to the tilted position when the throttle is 
opened quickly. A cut-off valve is provided to 
render the system inoperative from the driver’s seat 
when necessary. 
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If the system should become inoperative at any time, it may 
be the result of a break in the line, a leaky connection, a break 
in the rubber tube connection to the bellows, or the three-way 
valve may have become dry, permitting air to leak in, destroy- 
ing the vacuum. The three-way valve may be taken apart for 
inspection and lubrication. Care must be used in reassembling 
not to disarrange any of the parts. Use a small amount of 
commercial vaseline for lubrication. 


Cadillac Mechanical Shifting Method of 
Tilting the Headlight 


The reflectors are pivoted, in order that they may 
be tilted by means of a lever on the steering column 
connected with an arm (A) projecting from the 
bottom and connected with the reflector (R). The 
lever pulls the reflector down (as indicated by dotted 
lines), thus tilting the reflector (Fig. 19). 


Fig. 19. Tilting reflector as used on the Cadillac. 
The advantage of tilting headlights is explained 
as follows: 


When there is a clear road ahead, the illumination 
of the road for a distance is desirable. Thus the 
reflector is so focused that the light is projected 
ahead for the greatest distance. 

Ifa vehicle is approaching in an opposite direction, 
the reflector (R) can be tilted down by movement of 
the lever on the steering column connected to the 
arm (A), thus tilting the reflector at an angle as 
shown. in the dotted lines. This deflects the rays 
below the level of vision of the occupants of the 
approaching car, and at the same time increases the 
illumination in front of the car, where it is needed 
most. 

Reflectors: Principle of 

A parabolic type of reflector, made of metal with a 
polished silver surface, is used in most head-lamps. 

If a lamp were used without a reflector, the light 
which leaves the lamp filament would be thrown in 
every direction (Fig. 20). 

When a reflector is used, the light from the lamp 
filament is concentrated all in one direction (Fig. 21) 
See also ‘Candle power’ (page 432). 


tan 1-7 hea 
Lg AU" aa 
2 a 


Fig. 20 Fig. 21 


A ray of light is the light which falls on any one’ 
point of the surface of the reflector, and is sent off 
from that point. 


A beam is the total mass of light rays leaving the 
opening in the reflector. 


One of the fundamental laws of light is, that the 
angle at which light leaves a surface is the same as 
the angle at which it strikes the surface. By refer- 
ring to Figs. 22, 23, and 24, the angles which are 
made by ihe rays of light leaving the surface of the 
reflectors at (H), (M), and (N) will be seen to be 
the same as the angles made by the rays of light 
striking the reflector at the same point. The angles 
at which the rays strike the reflector are called 
“angles of incidence,” and those leaving the reflector 
are called “angles of reflection.” 


X—Focus Point O—Light Source 


Reflector 


Fig. 22. Straight beam. Fig. 23. Spreading beam. 

The distribution of light leaving the opening of 
the reflector when lamp filament (O) is at the focal 
point (X) of the reflector is shown in Fig. 22. The 
rays which start from point (X) and strike the reflec- 
tor at (H), (M), and (N) must be reflected parallel 
to each other to make the reflecting angles equal the 
striking angles. This gives a cylindrical or “straight 
beam.” The beam is theoretically the same size 
(XY, Fig. 22) throughout its entire length. A 
“straight beam”? gives a very narrow streak of light. 
down the center of the road, like a spotlight; but 
no light is thrown to the side of the road. 


The form of beam leaving the reflector when the 
filament (O) is back of the focal point (X). The rays 
spread or diverge from one another, and form a 
“spreading beam,” with its narrowest point at the 
opening of the reflector (KY). Note that the light 
rays which leave the headlamp at a rising angle are 
those which come from the upper half of the reflector, 


Fig, 24, 


Crossed beam. 


The effect of bringing the filament (O) ahead of 
the focal point (X) is shown in Fig. 24. This forms 
what is termed a ‘crossed beam.”? Note that the 
light rays which leave the headlamp at a “Tising 


angle” are those which come from the lower half of 


the. refleetor, 
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AntirGlare Devices 


in most states, laws are being enforced to prevent 
glare. The light which produces glare is that part 
which leaves the headlamp at a “rising angle” and 
so never hits the road, but does hit the eyes of 
approaching drivers or pedestrians. These rays 
may come from either the top or bottom of the 
reflector, depending upon the position of the lamp 
in the reflector. 


Methods for Reducing Glare 


(1) By using a very low candle-power lamp, or dim- 
ming the headlamps; using whiting, semitrans- 
parent paint, or colored glass. Low-candle- 
power lamps reduce the brilliancy, and colored 
glass or paint absorb part of the light and reduce 
the lighting effect desired, and are unsatisfactory. 


(2) By tilting the reflector down enough to bring 
the upper edge of the beam below the average 
eye level (42 inches is the usual legal limit).1 
The distance along which the road will be lighted 
is very much shortened. If the reflector can be 
tilted back to normal position, as shown in Figs. 
18 and 19, then the distance will be greatly 
increased. 


(8) By diffusing the light by means of ground glass, 
office-partition glass, or by a specially designed 
“diffusing”’ lens, having its surface covered by a 
large number of smalllenses or pyramids. With 
diffusing lenses there is a tendency to glare if 
the candle power of the lamp is sufficient to light 
the road, as the light is thrown in all directions. 


(4) By using “deflecting lenses” which bend or 
deflect that part of the beam which leaves the 
headlamp at a rising angle and direct this part 
of the beam back to the road level. Devices of 
this kind have the advantage of being able to 
limit the glare without cutting down the distance 
along which the light will be thrown on the road. 
Some of the deflecting lenses which are con- 
structed so as to affect all of the light leaving 
the headlamp make it hit the road nearer to the 
car than it would with clear glass, and are not 
desirable. 


Classification of Some of the Anti-Glare 
Lenses “ 


Tn the accompanying illustration, A, B, C, and D, 
are “diffusing” type lenses. As these devices 
scatter the light in every direction, the adjustment 
of the headlamp has little effect on the road illumina- 
tion. Both the light and the glare will be a little 
stronger if the focus is for a straight beam. 


Both sides of glass covered with. small lenses; 
adjust focus for straight beams for best lighting. 


A, Warner: 


1The most common “glare height’ regulation in regard to 
headlamps is that, at a point 75 feet or more ahead of the car, 
the concentrated beam from the headlamp shall not rise more 
’ than 42 inches above the road level, when the car is standing on 
a level. In the latest headlamp regulations, the height has 
been raised to 60 inches from the road surface, and the intensity 
of the light is limited to a maximum of 800 candle power above 


this point. 2 See page 442 for Bausch & Lomb lens. 


B, Prismolite: Front of glass covered with small pyramids 
SEveey small spot near center; adjust focus for straight 
eam. 


C, Morelight: Front of glass covered with short cylinders, 
arranged in circles; adjust focus for straight heam. 


D, Stewart: Cup fitting around bulb; outside covered with 
gral lenses; inside with ribs; adjust focus for straight 
yeam. 


I’, G, H, I, shown below, are “deflecting” type of 
lenses, which are intended to be used with a straight 
beam. In making adjustments, adjust in accord- 
ance with directions for plain glass adjustment, 
page 438, except that the lamp must be moved to 
the point in the reflector which gives the smallest 
point of light on the screen or wall, instead of making 
the spot 3 ft. in diameter. 


F, Sun Ray: Horizontal prisms throw light on the center of 
the road. Small triangular prisms throw a light along the 
sides of the road. Adjust for straight beam. 


G, Conaphore: Horizontal prisms throw light on the center of 
the road; cylinders in the center throw a soft light along 
the sides of the road. Adjust for straight beam. 


H, Macbeth: Horizontal prisms throw light on the center of 
the road, and cylinders on the inside spread the light to the 
side of the road. The hood at the top cuts off the light 
from that part of the lens. Adjust for straight beam. 


I, Holophane: Circular prisms at bottom throw light on the 
road and give quite aspread. Horizontal prisms and verti- 
cal cylinders at the top throw diffused light along the sides 
of the road. Adjust for straight beam. 


J, K, L, M, are “deflecting” type lenses designed 
to be used with a spread or crossed beam, depending 
on whether a part of the lens which bends the glare 
rays down is located at the top or bottom of the lens. 
The focus is adjusted to give a beam having some 
spread, 


fh 


XC 


Adjustment is for 


J, Roadlighter: A deflecting type of lens. 
a spreading beam. 


K, Osgood: Horizontal prisms on the back of the lens throw 

x Tight down on the road. The cylindrical section on the 
center of the front of the lens is intended to add to the 
spread of the light. Adjust focus for spreading beam. 


L, Letts deflector: A deflecting device. The corrugated 
reflector is placed below the lamp and changes the angle of 
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the light striking the reflector so that all the rays are sent 
down on the road. Adjust focus for crossed rays. 


M, Fractor: A deflecting device. The prisms on the glass cup 
which is placed below the lamp change the angle of the light 
striking the reflector, so that all of it is sent down on the 
road, Adjust for crossed beam. 


With any of the deflecting devices it is best to 
make the adjustment for either spread, crossed, or 
straight beam, while the plain glass is still in place 
in the headlamp.: 


An Ideal Light 


An ideal light is one which will meet the following 
requirements: (1) sufficient light to illuminate the 
road such a distance ahead that the driver would 
have ample time to stop before reaching an object, 
and so that it would have penetrative powers in 
dust and fog; (2) very bright light at the edge of 
the road and close to the car so that the road could 
be clearly seen and followed in spite of glare from an 
approaching car; (3) full width of the road from 
fence to fence lighted for at least 200 feet ahead of 
the car. 


Vig. 25. One make of lens designed to meet these conditions 
isshown. This illustration was furnished by the manufacturers 
of the Roadlighter lens (J, page 437), who claim that this lens 
meets the ideal requirements mentioned above and have cor- 
roborated the statement with a photograph of the lens in use. 
Note that the prisms in the lower half of the lens (see J, page 
437) concentrate the distance light, at (A). The diagonal 
prisms in the upper half of the lens bend the light, which would 
otherwise cause glare, to light the sides of the road from fence 
to fence (BB), and give the bright light on the edge of the road 
as shown at (CC). 


How to Focus Headlight Lamps 


In order to secure the best lighting effects, head- 
light or spotlight lamps should be carefully adjusted 
in their reflectors every time new lamps are inserted, 
or, better still, at regular intervals. 


Focusing may easily be accomplished by standing 
the vehicle on level ground not less than 25 feet, and 
preferably 50 feet, from a flat vertical surface, such 
as the wall of a house, a garage, orafence. Foran 
automobile, two points should be marked on the 
wall the same distance apart and at the same, or 
slightly less, height above the ground as the centers 
of the headlamps on the car. The cover glasses of 
lenses should be removed from the headlamps and 
the beams (preferably one at a time) trained on to 
the marked points on the wall. The lamps should 
then be adjusted in the reflectors by means of the 
focusing devices until the smallest possible spots of 


1 Addresses of some of the lens manufacturers: The Road- 
lighter lens is manufactured by C, A. Shaler Co., Waupun, Wis.: 
other manufacturers are: The Warner Lens Co., 914 Mich! 
Ave., Chicago; Macbeth, by Macbeth-Evans Glass Co., Pitts- 
burg, Pa.; Legalite, by The Legalite, Corp’n., Boston, Mass.; 
Sun Ray, by Prismolite Co., Columbus, Ohio; Conaphore, by 
Edw. A. Cassidy Co., Madison Ave. and 40th St., New York; 
eb Light Lens by Woodworth Mfg. Corp’n, Niagara Falls, 


light are obtained. The headlamps should then ps 
so set that the centers of these spots coincide wit 
the marked points on the wall. 


The appearance of the spot from a well-focused 
headlamp is shown in Fig. 30. 


The spot from the same headlamp when the bulb 
is either drawn too far back into the reflector or not 
far enough, i.e., is behind or ahead of the focal point 
(either condition produces a similar effect), is shown 
in Fig. 31. 


The same effect as shown in Fig. 30 is shown in 
Fig. 31, except that the glare-reducing lenses are 
now supposed to be placed in the lamp door. The 
illustration in Fig. 32 shows how the upward rays 
of light are turned down below the horizontal. 


What actually happens to the light rays from the 
light source in a parabolic reflector, such as is gener- 
ally used for automobile headlamps, is shown in Fig. 
33. 


C-FILAMENT IW FRONT QF Focal POINT-CROSSEO BEAM 


Fig. 33. Beam characteristics of parabolic reflectors with 
light sources in three positions, 


When that source is as shown at (A), (Fig. 33) 
the lamp bulb is at the focal point of the reflector. 
When the source is in position (B), the lamp bulb is 
behind the focal point. When the source is in posi- 
tion (C), the lamp bulb is ahead of the focal point. 


Position (A) is the correct position for the lamp 
filament, and produces the smallest spot of light, or 
the most highly concentrated beam, as in Fig. 30. 


When focusing headlamps with plain lenses, adjust 
to get the result shown in Fig. 30. 


Height of Light on the Road 


With the lamps in focus, the centers of these spots 
of light should be at the same height as the centers 
of the headlights themselves. 


This adjustment can be made, by loosening the 
clamp bolts which fasten the lamps to the brackets, 
and twisting the lamps so that the rays are thrown 
straight ahead and at correct height. The brightest 


part of the light should strike the road about 150 
feet ahead of the car. 


On some-cars, where brackets are provided for 
the headlamps, the brackets can be bent with a large 
monkey wrench, 
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Focal Adjustment for Different Lenses 


There are three general types of anti-glare or 
glare-reducing lenses: 


(1) The diffusing type, as A, B, C, and D, page 437, 
which requires a focal adjustment for a ‘‘straight 
beam,” or where the lamp filament is at the focal 
point, as shown in Fig. 22, page 436. 


(2) The deflecting type of lenses which require a 
focal adjustment for a “straight beam,” the 
same as the diffusing type, are F, G, H, and I, 
page 437. 


(3) The deflecting type of lenses which require a 
focal adjustment for a ‘“‘crossed beam,” as in 
Fig. 24, page 436, where the filament is ahead of 
focal point, are J, K, L, and M, page 437. 


Therefore, when fitting lenses of either of these 
types, it is necessary to adjust the focal point 
accordingly, after first making the adjustments with 
the lenses removed, as shown in Figs. 30 and 31. 


When a “‘diffusing”’ type of lens is used it makes no 
difference whether you have a crossed beam, a 
spreading beam, or a straight beam, except that 
where a straight beam is used there will be less dif- 
fusion, and consequently a stronger light ahead of 
the car. 


When a “deflecting” type of lens is used it is 
ibsolutely necessary to know whether it is intended 
for use with a spreading, a crossed, or a straight 
beam, before the focus can be made to insure satis- 
factory results. Therefore the manufacturer’s 
structions should be followed carefully. 


If that part of the deflecting lens which is designed 
to bend the “glare rays” down towards the road is 
located in the upper half of the lens, a ‘‘spreading 
beam’”’ must be used; if located on the lower half, a 
“crossed beam’’ must be used. 


If the device is made of prisms having a uniform 
ingle on both upper and lower halves of the device, 
1 “straight beam’’ must be used. 


Checking Lamp Adjustment 


To find out whether the lamp is set for a “‘spread” 
or a “crossed beam” pass a screen, such as a piece of 
yoard or paper, down in front of the headlamp. If 
she shadow caused by the screen moves up as the 
screen moves down, the filament of the lamp is in 
‘ront of the focal point (Fig. 34), and you have a 


“crossed beam.” If the shadow moves down with 
she screen, the lamp is set for a “spreading beam. 


Another method of testing whether the light is a 
srossed beam or a spreading beam: Let the light 
rom the headlight shine on a wall or screen 10 or 
15 feet ahead of the lamp. Then move the lamp 
pulb back in the reflector. 


If the spot on the wall grows larger as the lamp 
sulb is moved toward the back of the reflector, the 
amp is adjusted for a spreading beam and the fila- 
nent is back of the focal point. 

If the spot on the wall grows smaller as the lamp 


s moved back towards the reflector, the adjustment 
s for a crossed beam, and the filament is ahead of 


she focal point. 
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If the filament is moved from as far back in the 
reflector as it will go, to a point as far ahead as it 
will go, you will find that the spot of light will first 
grow smaller and then grow larger, as the filament 
passes the focal point. The point where the spot 
is smallest is the point where the filament is prac- 
tically at the focal point (X), and the adjustment is 
for a straight beam. 


These tests are, of course, made with plain lenses. 


To Clean Reflector 


Do not forget that dust or dirt on the reflector or 
on the glass lens may cut down the light on the road 
by more than half. The reflectors of head and side 
lamps are plated with pure silver. 


To clean reflector, use a very soft, clean cloth, or 
powdered dry rouge and a chamois skin, without 
using pressure and rub in a circular motion. Never 
rub a reflector with a cloth or chamois skin which is 
covered with dust or grit. It will scratch the reflec- 
tor and ruin it for service. 


If a reflector becomes tarnished or scratched, take 
it to a silver plater and have it buffed. It cannot 
be properly polished in any other way. An improve- 
ment can be made, however, where reflectors are 
tarnished, by moistening the rouge with alcohol 
and applying with a soft chamois. Do not use the 
chamois for any other purpose. 


To Clean the Glass Lens 


Absorbent cotton, dipped in alcohol and lightly 
rubbed in a circular motion over the surface, will be 
found efficient. 


Dimming Headlights 


There are four methods for reducing the brillianey 
of headlights, which is required by law in most cities. 


One method is to use resistance wire which is in 
series with the circuit, as shown in the Lexington 
(Fig. 8, page 426). See also Fig. 14 of Hudson, page 
390. 


To vary the intensity of the headlights when the 
dimmer is in circuit (Delco Hudson system) is merely 
a matter of shortening the path of the flow of current 
(the dimmer “resistance” wire, Fig. 36), which can 
be done by tying one coil together. This will make 
considerable difference. 
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To do this, it is necessary to remove the switch. 
Remove the four bolts passing through the housing 
at the back of the switch. The housing will then 
come apart. Remove No. 1 wire which connects 
with the generator, before dismantling the switch, 
otherwise a short circuit will result. 


Another method (seldom used) is to have the 
switch connections so arranged that the two head- 
lights which are always connected in parallel will be 
connected in series, thus reducing the voltage of 
each lamp one-half. For instance, if the two lamps 
are connected in parallel on a 6-volt circuit, each 
lamp would get 6 volts. If connected in series, 
each lamp would get 3 volts, thus dimming the 
lamps. 


Placing auxiliary lamps of about 5 or 6 c.p. in the 
headlamps is the method in general use. 


A double filament lamp is another method, as 
explained on page 433. 


; Frosting Compound 
Q: Will you suggest a quick method for dimming headlights? 


Ans.: Five cents’ worth of epsom salts dissolved in a teacup 
full of water provides the neatest and most efficient headlight 
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immer for automobiles, so far proposed. The solution is 
bee an the inside of the headlight glass, where it is allowed to 
evaporate.—Scientific American, 


A “Spot-Light’’ 


The spot-light is a type of lamp which can be 
placed on the wind-shield, and turned in any direc- 
tion by hand. 


Where a great deal of night driving is done, or 
where a cross-country trip is made, a spot-light is of 
great convenience. It is fastened close to the 
driver’s hand, and can be directed at any spot 
desired. 


Adjustment is for a “‘straight-beam,” with the 
filament exactly at focus point. 


Spot-lights are prohibited in some states, and in 
others the law requires that the light be thrown on 
the ground, not more than 60, 75, or 100 feet ahead 
of the car, and it must not be directed in the faces of 
persons approaching. 


Electric bulbs used with spot-lights are usually 
of the nitrogen type, 20 or 32 c.p. 


GAS LIGHTING (ACETYLENE) 


Gas lighting is now seldom used, but it is explained 
here for the benefit of the reader. There are two 
methods of supplying the acetylene gas to the gas 
burners. One method is by means of a carbide gas 
generator, and the other by means of a tank con- 
taining compressed acetylene gas. The method 
whereby the gas is supplied to the gas jet by a gas 
generator is shown in Fig. 37. 


Gas carbidd 


rupber, generator, 


i) 
o 
G 
» 
° 
° 
& 


Lamps 


Tig. 37. Showing how small 1; copper tubing and rubber 
tubing connects from generator to lamps. Note that the rub- 
ber tubing connected from the copper tubing to the lamp drops 
ina curve. ‘This places the rubber tubing at the lowest point. 
The gas condenses and turns to water, and the water clogs the 
pipes and gas tips. If this rubber tubing is disconnected occa- 
sionally, the condensed water will drain out. 


It is always necessary that the line or leads from the gas 
generator to the lamps be on as much of an incline as possible. 
In fact, a draincock could be placed at the lowest point to 
advantage. The pipes to each lamp should be independent 
if possible. 


There are two types of gas or carbide generators: 
the “drip” type, and the “automatic” type. 


With the “drip” principle of generation, the water 
is usually arranged to drip directly on the carbide, 
and the amount of gas formed is regulated by a tap 
which allows more or less water to come in contact, 
with carbide (Fig. 38). 


A medification of this system allows the water to 
drip down a perforated metal tube, surrounded with 
carbide, and thus the water gradually soaks through 
the carbide. 
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Fig. 38. Explanation of the “drip” type of carbide genera- 
tor: The tank (EZ) being filled with water at (D), the water 
saturates the cotton wick (H) in the tube (J) and the valve (F) 
being turned on, it dropsinto thescreen tube (L),passing out of the 
holes at the bottom. As it comesin contact with the carbide, it 
forms gas which passes out at the top of the generator through 
pipe. he unused carbide held in the cage is separated by 
the screen in the bottom, and the dust or used carbide falls to 
the bottom CLs perfectly dry. Consequently the charge is 
always fresh while it lasts and is ready to light or extinguish. 
Cleaning simply means emptying the ay dust at the bottom 
and refilling the cage with carbide, and the tank. with water. 
To shut off the light turn the valve (F) off. (F) being a two- 
way valve on the side (not lettered), the gas then contained in 
the generator passes out of the two-way valve into the air, thus 
insuring perfect safety. 


Fig. 39. The automatic type of generator: In some respects 
this is simpler and gives a better regulation of the gas, but it 
does not seem to be always reliable. 


The operation is as follows: 


bell or chamber with perforated sides and bottom, to admi 
water freely. This bell i he ae: ane 


Should the generation of gas still continue, it will force its 
way through the water and escape into the atmosphere, through 


a small vent hole (L), so that no dangerous pressure can develop 
within the generator. 


It will be seen that an automatic regulation of the £as is- 
thereby obtained, because immmediately that more is being 


LIGHTING A CAR 


generated than can be used, the water is driven away from the 
carbide, but as soon as there is a demand for more gas the pres- 
sure inside the bell falls and water re-enters. 


The gas outlet pipe and cotton wool or horsehair filter, whence 
the gas reaches the top, or to which the tubes are connected to 
the lamps is shown at (AA). 


A gas bag is provided on the gas outlet pipe inside the 
generator to steady the pressure. 


The carbide container lifts out of the tank by unscrewing the 
nuts (DD). 


_ The tank is filled from the aperture (K), in the plug of which 
*s a small vent acting as a safety valve. In this, as in other 
forms, the gas can be turned on and off any number of times 
till the carbide is all used up. 


Gas Burners—Also Called Gas Tips 


The gas burner is made up in various styles, and 
consumes from .25 to 1.5 cubic feet of gas per hour. 
By referring to Figs. 40 and 41, the reader will 
observe the construction. 


Fig. 41 


Fig. 42 


Fig. 40. Interior of a gas tip or acetylene burner. Tips 
are generally made of lava. Two small holes are in each end, 
only one of these being discernible to the eye. The hole, how- 
ever, which becomes clogged is the small hole inside the large 
one. 


Fig. 41. Showing end and side view of the flame when 
burner is in good order. 


Fig. 42. Showing how to clean a gas tip. 

If acetylene gas was used with an ordinary jet, it 
would have a yellow tint, but the oxygen drawn into 
the tip through the large hole raises the temperature 
of the flame to a point where a white blaze is 
obtained. It is therefore necessary that the smaller 
hole in the burner be kept clean. 


If the flame is yellow and dim, the lack of oxygen 
is probably the cause, or the pipe line needs blowing 
out, or the generator needs cleaning. 


If the independent generator is used, it is impor- 
tant that all parts be perfectly clean and fresh carbide 
be added daily, using whatever quantity is required. 


The average gas tip consumes one-half foot of gas 
per hour. Gas tips are made in standard sizes as 
follows: 14 foot; 1% foot; 34 foot, and 1 foot. 


Lighting the Gas 


The usual method for lighting the gas is to turn on 
the gas at the generator or tank, and to light the 
gas at the burners with a match. 


Another method is to turn on and light the gas 
from the seat. This is accomplished by a valve and 
electric spark (Fig. 43). 


Yaun. SEAMLESS 
BRASS TUBING 


GASTANK 


Fig. 43. Lighting the gas by an electric spark: This system 
Spates of a special valve and switch placed on the dash-board 
(D), a high-tension coil (C), and a special gas lighting attach- 
ment shown in the cut. 
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The connections are as follows: The gas tank is piped to the 
valve and connected to a union under it. After gas passes 
through the valve it is then carried to the lamps. A wire runs 
from switch to coil and from there through primary winding to 
battery; through battery to ground. 


An attachment (B1) is placed on each gas tip to be lighted. 
When lever (L) is pressed down, this opens the gas and also 
makes a temporary electric contact, and a spark jumps across 
points (S) and lights the gas. An ignition battery or dry cells 
will do this work. 


Non-Freezing Solution for Gas Generators 


Use plain alcohol in the proportion here given. Alcohol is a 
fuel, but not explosive. It will, therefore, probably give a 
slightly stronger gas than water, and for this reason less will 
be required. Do not use glycerine, as this is an explosive. 


Percentage of alcohol to water: At 18 degrees, 10 per cent; 
at 5 degrees, 20 per cent; at —2 degrees, 25 per cent; at —9 
degrees, 30 per cent; at —15 degrees, 35 per cent; at —24 
degrees, 40 per cent. 


Note: The — in front of the figures are minus signs, meaning 
below zero. 


Carbide—Used in the Generators 


The chemical formula for Acetylene is C,H, (i.e., a 
compound of carbon and hydrogen). It has a char- 
acteristic pungent odor—which at once gives 
evidence of any leakage—and is a poison if inhaled 
in any quantity. 


Approximately one pound of good quality calcium 
carbide will generate six cubic feet of acetylene gas. 
It can readily be liquified or compressed, but in this 
state it is highly explosive, and its use finds no favor 
in this country. What is known as dissolved 
acetylene, however, is safe. 


The gas in a moist or impure state attacks copper 
or brass, forming acetylene of copper, which is 
exceedingly explosive; so much so that it will go off 
by slight friction or a blow. This accounts for the 
small explosions that are sometimes experienced 
when cleaning a generator. 


The Pressure-Gas (Acetylene) Storage Tank 


This tank is used instead of a gas generator, and 
is charged at the factory. When the tank is 
exhausted it is taken to the local agent and 
exchanged for a fully charged tank. 


The gas used in the tank is acetylene gas, made 
from carbide—the same kind of gas used in a 
generator. Fig. 44 illustrates the Prestolite gas 
tank. The amount of gas in the tank is indi- 
cated by the pressure gauge. In this way the motor- 
ist can tell the quantity of gas in the tank. A key 
opens the valve which allows only a low pressure of 
gas to feed the lamps. 


The piping of the gas from the gas tank to the 
lamps is just the same as that used with an indepen- 
dent generator. 


The Prestolite gas tank is made in three styles: 
Style E, which weighs 23 lbs.; style B, 30 lbs., and 
style A, 50 Ibs. 


The pressure inside the tank (E) is based on a 
pressure of 15 atmospheres, or about 50 cubic feet 
of gas, which will supply gas for two 14-foot burners 
for 50 hours. 


PRESSURE 
GAUGE — 


Fig. 44. The pressure-gas storage tank is usually placed on 
the running board of the car. 
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The tank should be placed on the car in such a 
way that it can be easily removed. The running 
»oard is a convenient place. Always place the 
ank top side up. 


Prestolite Gas Tank Pointers 


Prestolite gauges, how to read them: Several 
ityles of gauges are used. Some register in atmos- 
yheres, Some in pounds and some in both (see Figs. 
[5, 46, 47). If you wish to determine the number 
f pounds of pressure in your tank, reading from a 
sauge Showing only atmospheric pressure, multiply 
he number of atmospheres shown by 14.7, which 1s 
he number of pounds to which one atmosphere is 
qual. The result will give you the number of 
ounds of pressure in your tank. All atmosphere 
auges are marked “ATM.” An atmosphere equals 
4.7 lbs. at sea-level. 
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Tig. 45 Fig. 46 Fig. 47 
Vig. 45. Gauge reading in atmospheres, 
Fig. 46. Gauge reading in pounds, 
Fig. 47. Combination gauge reading in pounds and atmos- 
heres, 


Prestolite tanks are charged to a pressure of 225 
yunds (equal to approximately fifteen atmospheres) 
65° Fahrenheit. If the temperature of a tank be 
creased 10° to 20° F., the pressure will be raised 
to 50 pounds. If the temperature be lowered, 
e pressure will be reduced in about the same ratio, 
uis accounts for the rapid fall in the gauge pressure 
1en a tank is taken from a warm garage into the 
ld air of the street. Change in temperature does 
t affect either the quantity or the quality of the 
s. Consequently, when the outside temperature 
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is 65° F., a properly filled Prestolite tank will show a 
pressure of about 15 ATM (atmospheres) when 
using the atmospheric type of gauge, and 225 
pounds when using the gauge reading in pounds, 
while the gauge showing both pounds and atmos- 
pheres will indicate a pressure of 221 pounds, or 15 
ATM, with corresponding variations according to 
the outside settled temperature, despite the fact that 
the first two mentioned gauges show a capacity of 
40 ATM and 500 pounds, respectively. 

Where to look for leaks: Rub soap-suds along the pipe lines 
and over all joints and connections. Do not use a match any 


more readily than you would use one to hunt for a gas leak in 
your cellar. 


The following may be the source of a leak: (1) union where 
attached to tank; (2) rubber hose connecting union with brass 
piping of car; (3) joints where rubber hose connects with union 
and with piping of car; (4) joints, T’s, or crosses where piping 
branches; (5) where rubber hose connects iping with lamps; 
(6) part of lamp to which burners are attac ed; (7) any point 
on piping where there is a liability of chafing. 


Sizes and capacities of Prestolite tanks: _ “A”—22 inches 
long, 7 14 inches in diameter; contains 70 cubic feet of gas. 


Using two 14-ft. burners, 70 hours lighting 
Using two 5%-ft. burners, 56 hours lighting 
Using two 34-ft. burners, 46 hours lighting 


“B”—20 inches long, 6 inches in diameter; contains 40 cubic 
feet of gas. 


Using two 14-ft. burners, 40 hours lighting 
Using two 5¢-ft. burners, 32 hours lighting 
Using two 34-ft. burners, 26 hours lighting 


“E”’—16 inches long, 6 inches in diameter; contains 30 cubic 
feet of gas. 


Using two 14-ft. burners, 60 hours lighting 
Using two 14-ft. burners, 30 hours lighting 


Oil Lighting 


Inasmuch as electricity for lighting is now the adopted stand- 
ard, and is almost universally used, it is hardly worth while to 
deal with the kerosene oil lamp. The oil lamp, when used in 


, place of electric lights, is generally placed as a tail or rear lamp, 


to illuminate the license number and as required by law for 
protection of the fire department. 


The brilliancy of oil lights can be improved by using a hard 
wick and placing cotton in the bow] of lamp. Then use gasoline 
or half gasoline and light cylinder oil instead of kerosene. 


BAUSCH & LOMB LENS FOR AUTOMOBILE ELECTRIC LAMPS 


“he diagrams (Figs. 1 and 2) illustrate the 


: : path of light from 
mp fitted with the Bausch & Lomb lens. 


Vertical Cross Section, 
Showing Solid) Prism 


wary Horizontat Cross Section, 
Showing Cylinder Systems 


Fig. 1 Fig. 2 


he illustration in Fig. 1 shows a horizontal cross-section 
how the vertical cylinders (placed in front and rear of lens) 
W or spread rays outward sufficiently to illuminate a lateral 
of about 50 feet at a distance of 100 feet, 


ote: The word “cylinders” used above refers to the flutings 
h are in both the front and back of the lens. The whole 


18 1n reality a “prism,” and in this example it is somewhat 


‘er at the bottom than it is at the top. 


1¢ illustration in Fig. 2 shows a single or solid vertical 
0 which deflects the light downward, or below the level 
ribed by law. 

order to secure maximum sati 
necessary to adjust them prop 
lows: 


ie adjustment of a lamp consists in moving the lamp bulb 
urd or backward (see pages 435, 436). Some lamps have 
nal adjustments whereby the adjustment can be made 
the lens in place, and others where the lamp door must be 
ed. Adjustment should be made each time the lamp 
sare changed. 

‘adjustment with the lens in the lamp, 
25 or 50 feet away. 


sfaction from these lenses 
erly, and this is explained 


: I have the light on a 
Cover or disconnect the other light. 


Cut out a circular piece of light-weight cardboard as in 
Fig. 3, with holes in it 7" in diameter and 418” from center to 
center of holes. Hold it in front of the lamp so that the centers 
of the two holes in the card lie ina vertical line as shown, 


If the bulb is properly set (focused or adj usted), the light on 
the wall will appear as one solid band, as shown in Fig. 4. 


If the lamp bulb is too far away or too close from the reflector, 


two bands will appear, and the lamp bulb should be moved 


hah backward until a single band is obtained as shown 
in Fig. 4. 


Fig. 3 


Fig. 4 


For adjustment with lamp doors open, which is necessary 
when the adjustment. is inside of the lamp, the same pro- 
cedure is followed. If the lamp bulb is properly focused with 
Hae Oey a solid spot or patch of light will appear, as shown 
in Fig. 5. 

If the lamp bulb is not properly focused, two images or spots 
will appear, and adjustment of the bulb should be made until 


only a single patch of light appears, as in Fig. 5. This adjust- 
ment 1s for a straight beam, 


Next, place the lens in place in the door and then close it, 
and see if the adjustment is now as in Fig. 4. 


The tilting of the lamps should be made in accordance with 
local requirements, 


Near aters are Bausch & Lomb Optical Co., 


uh 


Tig. 5 


Rochester, 


INSTRUCTION No. 39 
SIGNAL ALARMS; SPEEDOMETERS 


SIGNAL ALARMS 


There are a variety of devices properly designated 
as signal alarms, including: bells, bulb horns, elec- 
trie horns, exhaust whistles, compression whistles, 
ete. 


in the early days the mechanical electric bell, 
operated by the foot, was the applied method for 
warning the pedestrian—although possibly this was 
not necessary, as the cars in those days made suffi- 
cient noise to give warning a block ahead. 


Then came the bulb horn, but the old-style bulb 
horn has about seen its day. It is seldom used, 
because of its difficult method of bulb operation and 
because of a tendency to get out of adjustment at 
the reed. 


The compression whistle is the type shown in 
Fig. 1. It is desirable for use where there is no 
battery, or where the battery is not of sufficient size 
to operate an electric horn, or where it is desired to 
save battery current. It is. screwed into the 
cylinder instead of into the relief cock. The pres- 
sure is obtained from the compression in the cylinder. 


| | EXHAUST 


Fig. 2 


Fig. 1 


The exhaust horn or whistle (Fig. 2) was used ex- 
tensively at one time, but is now seldom used. It 
is connected to the exhaust pipe by means of a 
valve which is opened and closed by, a foot pedal 
connection, which when depressed admits the exhaust 
gases to the horn. See Index, for ‘Fitting an 
exhaust horn.” 

The hand-operated horn (Figs. 3, and 3A) is not 
altogether desirable because it is operated by hand at 
an inconvenient place. It is usually placed too 
near the driver, whereas it ought to be nearer the 
front of the car. 


HAND 
ACTUATED 


Fig. 3 Fig. 3A 


Fig. 3. Klaxon type 3, hand-actuated horn. Klaxon 8-3 
type is similar, except that it has a vertical push rack, 


The hand-actuated horn is operated by pressing 
on the knob (H) (Fig. 3) connected with a toothed 
rod (R), thus actuating gear (G). This type of 
horn is used extensively on motor trucks. 


Horn brackets for automobile use, as shown in Fig. 3B, are 
arranged so that the horn can be mounted at different angles. 
(M) and (83) are for motor-boat use. American Electric Co., 
Chicago, supplies the brackets. 


Handles for hand-actuated horns (Fig. 3C) can be had o 
some of the horn manufacturers. They are suitable for long 
continued blasts when used on boats. 


Y RM 83 
Fig. 3B 


Fig, 3C 


The Electric Horn 


The electric horn is the most popular type, and i 
classified under two types of general constructior 
(1) vibrating type; (2) motor type. 


The Vibrating Type of Electric Horn 


The vibrating type of electric horn produces 
sound resulting from the action of a vibrating arms 
ture (B) (Fig. 4) magnetically operated by th 


«H 


macnetic R 


B — VIBRATING 
ARMATURE 


Fig. 4, Vibrating type of electric horn. 


magnet cores (R). The vibrations are transmitté 
through rod (A) to a diaphragm (D), thus producit 
a sound which is greatly magnified by having a ho! 
attached. ‘This device looks very much like th 
shown in Fig. 3A, except that it is operated elect: 
cally instead of by hand. 


The electric circuit is to (F), from (+) of the battery, | 
generator), through the blade, through platinum iridium poit 
(E and C), through armature (B), to lower connection (G) 
the lower magnet coil, through the upper coil, to (H), to t 
push-button, to the (—) connection of the battery. Wh 
the push-button is depressed, the circuit is closed, and armaty 
(B) is drawn to coil (R), striking against rod (A), The mome 
this occurs, the circuit is opened and armature (B) is releas¢ 
thus contact is made again at the points (E and C), and t 
armature vibrates back and forth as long as the push-butt 
closes the circuit. ‘The action is similar to that of a vibrati 
type of ignition coil or electric bell. 


Fig. 4B 


Adjustment is made by adjusting the rod (A) (Fig. 4B) 
relation to (B), to obtain a greater or less number of vibratio 
which increases or decreases the sound transmitted throv 


diaphragm (D). 

Points (EC) should be of iridium platinum, otherwise tk 
will wear down and stick. The amperage consumed is fr 
4 to 6 amperes. 
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On some of the electric horns (Fig. 4B) this 
adjustment is made with a screwdriver by loosening 
locknut (N) and screwing adjusting screw (S) in or 
out while current is passing through the horn circuit, 
until the sound is as desired. 


The Motor Type of Electric Horn 


The motor type of electric horn also produces a 
sound transmitted through a diaphragm, but in a 
manner different from that of the vibrating type. 


FIELD POLE 
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TOOTHED 
WHEEL, 


WINDINGS 
Fig. 5. Motor type of electric horn. 
Construction: An electric motor (M) (Fig. 5) of 
small size is enclosed in one end of the horn. On 
the right end of the armature shaft a case-hardened 
steel-toothed wheel (W) operates against a case- 
hardened steel button (B) securely attached to the 


HARDENED 
BUTTON 


HARDENED 
WHEEL 


DIAPHRAGM 
WHICH VIBRATES 


Fig. 6. 
liaphragm. 


Explaining how the wheel (W) actuates (B) on the 
metal diaphragm (D) (see algo Tig. 6). The sound 
osroduced by the wheel (W) operating against (B) is 
ransmitted through the diaphragm (D) and greatly 
nagnified through the horn which encloses the dig- 
»hragm. 


The intensity of this sound can be increased or 
lecreased by moving the armature shaft so that (W) 
vill make closer contact. with (B) to inerease the 
ound, or so that. they will back away from each 
ther, to reduce the sound, 


This adjustment is made by loosening the lock- 
ut (A) and screwing the adjusting screw (S) in or 
ut, which moves the armature, as explained above, 
0 not adjust too tight at (B) and (W) 


The motor is a series-wound motor, Note the 
eld-windings (shown in section), also the armature 
nd brushes and the commutator'on which the 
rushes rest, 
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The circuit is from (+) of the battery (or genera- 
tor) to one end of the field-winding, througk the two 
field-windings to one of the brushes, through the 
armature, out the other brush, through push-button 
(P) (Fig. 7), to (—) of the battery or generator. 


“Sar 


Fig. 7A 


Fig. 7 


If the circuit is a “two-wire system,” see Fig.26% if 
a “single-wire grounded-return system,” the frame 
is used as a ground or return, as shown In Fig. 7A. 


Fitting an Electric Horn to Car 


When fitting the electric horn to a ear, the horn 
should be placed on the opposite side from the 
driver and as far away in front of the ear as possible. 
The reason for this is that the noise is then away 
from the occupants of the ear, and the signal is 
placed where it is most effective, usually under the 
hood, to the front. Being under the hood, it is pro- 
tected from water when a car is being washed, and 
also from rain. 


Connections for wiring are shown in Figs. 7 and 


Klaxon Electric Motor Horn 


The Klaxon is used extensively on various makes 
of leading cars, and its principle of construction is 
that explained in Figs. 5 and 6.. Several different 
types of Klaxon horns are manufactured. Some of 
the leading types for automobile use are shown in 
Figs. 8, 9, 10, and 11. 


Klaxon horns are made for various voltages. If 
the battery is a 6-volt battery, the voltage of the 
horn should be 6 to 8 volts. Dry cells can be used 
if necessary, about 6 to 8 dry cells being required. 


The amperage, or current consumption, is fixed 
for each size of Klaxon horn, as stated under the 
illustrations. 


To Adjust the Klaxon Horn! 


To adjust Klaxon 20L (Fig. 8): Loosen the lock- 
nut (A), and start the current by pressing the push- 
button. While it is sounding, twist the motor case 
until no sound is heard except the buzzing of the 
motor. Continue twisting, in either direction, until 
the note is loud and clear. When the note is as 
desired, tighten the locknut. 


Fig. 8. 


Klaxon 20-L uses 7 am eres. It j = 
toned horn. Sere ee) deck 


To adjust the Klaxon 12-1, and Klaxon-6 (Fig; 
and 10): Loosen the screws and tamnoed® Seer 
You will find a locknut (A) (Fig. 5). 
motor is running adjust screw 8) 


1 Write the Klaxon Co., Newark, N.J., for inatruct; : 
phlet on adjusting and caring for the Klaxon, notion; pam 
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Fig. 9 


Fig. 10 


Fig. 9. Klaxon 12L uses 8 amperes. 
popular type; also a deep-toned horn. 


Fig. 10. Klaxon-6 uses 5 amperes; the Klaxette, not shown 
uses 3 amperes. : 


A medium-sized and 


as desired. This action forces the armature shaft 
with its wheel (W) against the button (B). Replace 
cover and tighten screws. 


Care of Electric Horns 


To lubricate: Clean and lubricate the commutator 
once a month, as follows: With a dry cloth wipe the 
commutator clean. Apply a little vaseline with a 
clean cloth. Use thin oil in winter. Apply this to 
the commutator. The slightest film is all that is 
necessary. Every three or four months a little vase- 
line should be applied to the toothed wheel (W). 
Oil the shaft bearing once a month. 


On the Klaxon 20-L, oil once a week through oil 
hole (O) (Fig. 8). Give'two drops of ‘3 in 1” oil. 


SPEEDOMETERS 


Necessity of a speedometer: A speedometer is 
necessary in testing a car, to learn its speed capabili- 
ties under various conditions: in order to time trips 
over various distances, or to avoid violation of the 
epee limit laws, the penalty for which is arrest and 

ne. 


Purpose of a speedometer: The speedometer for 
automobiles is an instrument for measuring and 
indicating—in miles per hour—the exact speed at 
which a car is being driven. The number of miles 
per hour shown at the dial of the speedometer is the 
actual speed at which the car is traveling at the 
instant of indication. For this reason the numbers 
shown constantly change as the car is driven faster 
or slower. 


Necessity of an odometer: The odometer is usu- 
ally embodied in the same case with the speedom- 
eter. It is necessary in auditing the cost of oper- 
ating and maintaining a car. It enables the owner 
to tell how much gasoline is used per mile; how 
much his tire expense per mile amounts to; how 
much mileage he gets out of his car. Thus it 
enables the owner to make comparison of the cost, 
of operating and maintaining his car, with the cost 
of operating and maintaining a car of another make. 
The recording and resetting features of the trip- 
register part of the odometer are a necessity in fol- 
lowing a guide book when touring. 


Purpose of an odometer: The odometer (com- 
bined with the speedometer) is an instrument for 
measuring and recording—in miles and tenths of 
miles—the distance a car travels in making a trip. 
It also records the entire or total distance traveled 
during an entire season. 


Speedometer Principles 


The magnetic principle (Fig. 1), as employed in 
Stewart-Warner and American Hver-Ready instru- 
ments, utilizes a revolving magnet positively driven 
from the car wheel or other part. The magnet 
exerts its influence on a metal part which is separated 
from it by an air gap, which in turn is connected with 
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The tone of the horn is dependent upon the speed 
at which the motor can revolve, and also on the 
adjustment, and the speed is influenced by the care 
and attention given the horn. 


The armature should always turn easily when 
made to revolve by the fingers. 


Testing Electric Motor Horns 


If, in testing the horn, it is found that the current 
or amperage consumption is greater than the fixed 
amount, this is probably due to dry or dirty bearings 
or commutator and brushes, caused by the instru- 
ment not receiving the proper lubrication. 


Fig. 11 


The electric horn can be tested by placing an 
ammeter with the 30-ampere shunt (see Index for 
“Ammeters”) in the circuit (Fig. 11). Then adjust 
to take the least possible current. The average 
horn draws from 3 to 8 amperes, depending on, its 
size. The ammeter can also be used to test the horn 
for short circuit or open circuits, just the same as a 
generator or starting motor armature and. field- 
windings are tested, as explained under these subjects. 


AND ODOMETERS 


the indicating mechanism. Tho metal part is gener- 
ally aluminum, as the inertia of the part must be 
kept as low as possible to make the speedometer 
quickly sensible to speed changes. <A feature of the 
magnetic design is that the travel of the dial bears a 
direct ratio to the speed of travel of the magnet, and 
in order to compensate for changes in the drag, due 
to bemppe state differences, a compensating unit is 
fitted. 


MAGNETIC CENTRIFUGAL 


Fig, 4 


Fig. 1 Bigs 2 


The four principles of speedometer operation: magnetic, in 
which a revolving magnet exerts its drag on the dial; centrif- 
ugal, in which revolving weights supply the energy due to 
centrifugal force; air, in which a current of air flows against a 
vane carrying the dial, and liquid, in which a column of liquid 
is lifted a height proportional to the speed of the pump drive. 


Centrifugal control (Mig, 2), as utilized in speed- 
ometers, is very much the same as that on a fly-ball 
engine governor. Standard, Johns-Manville, Sears- 
Cross, Corbin-Brown, Hoflfeker and Garford use 
this principle. Weights are mounted on the revolvy- 
ing shaft. by bell crank levers which allow them to 
travel farther from the axis of the shaft as the speed 
of the drive increases. The centrifugal force of the 
weights increases as the sue of the velocity of 
the shaft, meaning that at four times the speed the 
force doubles. 


This tendency of the weights to fly from the axial 
center of the shaft under the influence of centrifugal 
force furnishes the basis of the indicating needle 
movement. An ingenious feature in centrifugal 
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design is that although the movement of the weights 
would naturally vary as the square of the speed, the 
levers or cams governing the movement are so calcu- 
lated that calibrations on the dial are uniform, or 
nearly so. Another feature which is carefully 
watched is the balance of the weights. The gover- 
nors are made very sensitive, so that even at low 
speeds the correct rate of travel may be indicated. 


The air principle (Fig. 3) is an instrument which 
calibrates an air current and translates the result 
into miles per hour. The air circulator (A) consists 
of two intermeshing aluminum gears housed in a 
chamber in which there are two openings, one from 
the outside and away from which the gears rotate, 
the other opening conducting the air into the speed 
lial chamber where the air is directed against a 
ight vane attached to the inside of the speed dial. 


The speed dial is an inverted aluminum cup (C) 
nounted on a pivot set in jeweled bearings. The 
umount of air directed against the vane in the 
speed dial is governed by the speed at which the air 
irculator (A) is driven by the flexible shaft. The 
peed dial, when the car is at rest, is held at zero by 
he action of a nickeled steel hairspring. 


The liquid or hydraulic principle (Fig. 4): One 
nstrument, the Veeder, which employs the hydraulic 
ystem, uses a centrifugal pump which is connected 
vith the drive and which lifts a liquid to a height 
roportionate to the speed of the drive. The tube 
n which the colored liquid is lifted is calibrated to 
egister speed. See illustration. (Motor Age.) 


Speedometer Drive Methods 


Front wheel drive: The speedometer can be 
riven from the front wheel (Fig. 5), or off the pro- 
eller or transmission shaft, as in Fig. 6. The usual 
lan is to drive with gears. 
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Fig. 5. Drive from front wheel. 


Transmission drive: Instead of placing the speed- 
meter drive on the front wheel, which has been 
1e standard former method, it is now quite often 
laced just in the rear of the transmission, on the 
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Fig. 6. Stewart speedometer, propeller-shaft drive. 
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transmission main shaft. Fig. 6 shows how the 
driving gear is attached to the front of the forward 
universal joint. The swivel joint and gear section 
are Clearly depicted. Other manufacturers are now 
adopting a set of gears inside of the transmission 
case, to drive the speedometer shaft. 


The speedometer flexible shaft is shown in Fig. 7. 
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Ratio of Gearing 


The ratio of gears for a speedometer when driven 
from front wheels is found by doubling the diameter 
of the tire. This gives the number of teeth neces- 
sary in the large driving or road wheel gear. For 
example, a 30 x 4 tire would require a 60-tooth gear, 
etc. Driven pinions (small) on all Stewart-Warner 
speedometers, for front axle drive, have the same 
number of teeth, viz., 16, and drive through a 2144 
to 1 swivel-joint reduction. 


The gear reduction in the swivel joint is mounted 
close to the driven pinion, as shown in Figs. 5 and 7. 
When installed on the left-hand wheel, a swivel joint 
is used which reverses the direction of rotation. 


Calibration: The Stewart-Warner speedometer 
flexible shaft travels 1,009 revolutions per minute 
when the car is traveling 60 miles per hour. 

On all Stewart speedometers the space between the main gear 
(1, Fig. 5) and the pinion gear (3), should be 1/16”. Also note 


that the main gear should have twice the number of teeth that 
there are inches in the diameter of the tire. 


Speedometer Care and Troubles 


The following matter refers to the Stewart speed- 
ometer, the instructions and_ illustrations being 
taken from the Studebaker instruction book. 


Fig. 8. Front view of speedometer. 


SIGNAL ALARMS; 


Resetting odometer: Pull out the trip odometer, 
resetting the plunger (Fig. 8), after which turn to 
right or left as much as necessary to show the figures 
you desire to have appear. After resetting the odom- 
eter, do not fail to push the resetting plunger in as 
far as possible, or else the trip odometer will not 
register. The speedometer is a very delicately 
adjusted instrument, and must be handled carefully 
to insure continued satisfactory service. 
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Fig. 9. Side-view of speedometer. 


Lubrication: Do not attempt to lubricate the 
speedometer head under any circumstances. Parts 
that required lubrication were attended to when it 
was assembled, and will last for the life-time of the 
instrument. 


Speedometer Troubles 


if the speedometer is not operating satisfactorily, 
look over the installation and see if it is in accordance 
with the following instructions: 


Flexible shaft connection: Make sure that the 
clutch in the flexible shaft enters the slot in the neck 
of the speedometer (shown in Fig. 9, ‘‘Flexible Shaft 
Connection’). The sliding bar on the other end of 
the flexible shaft enters the slot in the driving shaft 
at transmission. 


Speedometer Adjustments 


Dial vibration results in failure to indicate speed 
and mileage. Noisy instruments are caused by any 
of the following: 


1. Loose union connection between speedometer and 
flexible shaft connection. 


2. Loose union connection between driving shaft at 
transmission and flexible shaft. (These unions 
on flexible shaft should always be kept as tight 
as possible.) 


3. The flexible shaft may be bent at a sharp angle. 
This condition causes the shaft at times to bind, 
making the dial unsteady. 


4, The worm gear and pinion at the drive end may 
be either meshed in part only or entirely out of 
mesh, due to speedometer pinion gear sleeve at 
the rear of the transmission being loose. The 
shaft should be shoved in the housing as far as 
possible, and the nut tightened. 


5. The flexible shaft may not be well lubricated, 
which causes erratic shaft movement and 
unsteady indication. The manufacturer has a 
special grease for this purpose. 


6. The chain in the flexible shaft may have broken. 
If so, it can be quickly repaired by replacing the 


SPEEDOMETERS 447 
broken link. If the chain breaks, unscrew both 
shaft connections and remove the chain from the 
outer casing. ‘Then repair the break by hooking 
into place a new link—a very simple operation— 
replace the chain, and screw both shaft ends into 
place. Extra links may be obtained from 
Stewart-Warner Corporation branches or service 
stations at a nominal cost. 


When speedometer pointers vibrate, look for 
loose unions, connection, flexible shaft bent too 
sharp, lack of lubrication, gears not properly meshing. 


Failure to indicate speed: Look for the same 
causes as above; also for a broken link in the shaft. 


Noise may be due to lack of lubrication or any of 
the causes described above. 


Checking a Speedometer 


A simple test worked out by Mr. 8. T. Williams 
of the Motor World is shown in the table below, and 
is as follows: 


When the drive is from the front wheel, jack up 
the wheel. A chalk mark is then placed on the rim 
ot the wheel, and the wheel is turned as fast as pos- 
sible. 


At a signal, one person reads the speedometer, and 
another counts the revolutions for one minute, as 
timed by a stop watch, or the second hand of a 
watch. The number of revolutions of the wheel, 
and the speedometer reading at the start and finish 
are noted. (By adding the two speedometer read- 
ings, and dividing them by two, the average speed 
as recorded by the speedometer is determined.) 
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The actual speed may be optained from the chart 
in Fig. 10. Supposing the revolutions in the minute 
to have been 94, a horizontal line is followed until it 
meets the slanting line representing the diameter at 
the front wheel, assume it to be 34”. Dropping 
down vertically, the speed is seen to be 9.6 miles per 
hour—which should correspond to the speedometer 
readings. If carefully made, this test 1s quite 
accurate, and requires little time. 
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ELECTRIC PARTS OF A CAR: Preliminary Instructions for Locating 
Troubies of the Electric System 


DIVIDING THE ELECTRIC SYSTEM INTO PARTS AND TROUBLES THAT COULD OCCUR 
IN EACH PART 


Before it is possible to diagnose properly or to test 
for any trouble in the electric system of a ear, it is 
first necessary to know the fundamental principles 
underlying all the parts, their location, and the 
relation of one part to another. 


The fundamental principles of all parts of the 
electric system have been dealt with in preceding 
instructions. We shall now deal with the division 
of the parts, the troubles that are likely to occur in 
each part, together with the effect that these may 
have on some other part, and also with the devices, 
instruments, and tools necessary to locate troubles 
and to remedy them. 


Electric troubles may be in the external parts, or 
in the internal parts. If trouble occurs in the igni- 
tion system, then the point to begin at would be 
the source of electric supply of the ignition system, 
tracmg through the external parts of this system. 
Then if the trouble is not located, the test should 
extend to the internal parts, such as the winding of 
the ignition coil, the condenser, ete. The same pro- 
cedure would apply to the starting motor, the 
generator, the battery, the cut-out, ete. 


Hence the necessity of dividing the electric sys- 
tem into component parts and testing the circuits 
of each part, and at the same time considering the 
relation of that part to some other part. In other 
words, intelligently to diagnose electric troubles 
requires a knowledge of the fundamental principles 
of allthe parts and their relation to each other. ‘The 
importance of separating the parts, in order def- 
initely to be able to locate the trouble is the point to 
consider in this instruction. 


If we separate the electric system of a car into its 
main external parts, we have: 


1. The storage battery. 
2. The generator. 
3. The starting motor. 


4. The wiring system. 
5. Dash ammeter. 


(1) Storage Battery 
if we take the storage battery and divide it into 
its component and internal parts, we have: 


(a) The storage battery plates. 

(b) The storage battery separators. 

(c) The storage battery jars, 

(d) ‘The storage battery electrolyte. 

(e) The storage battery connectors and lugs. 
(f) The storage battery ground connection. 
(g) The storage battery terminals. 


Any of the parts of a storage battery mentioned 
above could cause trouble, such as plates being 
internally short-circuited, separators becoming 
rotted, jars leaking, electrolyte falling below the level 
of the plates, connectors or lugs not bemg burned 
properly and thus making poor contact or open cir- 
cuits, ground connection loose, and making poor 
contact or open circuits, and terminals also. 


The construction, care, troubles, tests, and repairs 
of storage batteries are treated under the storage 
battery subject. 


(2) Generator 


If we take the generator and divide it into its 
component and internal parts, we have: 


(a) The field poles and frame. 

(b) The shunt-field windings. eh rene 
(c) The regulation of the shunt-field winding circuit. 
(d) The armature 

(e) The commutator. 

(f) The brushes. 

(g) The cut-out. 


Any of the parts mentioned, if defective, would 
interfere with the proper operation of the generator, 
for instance: 


(a) The field poles, if loose where they are held to 
the frame by screws, would probably result in 
damage to the armature. The proper clearance 
between the ends of the field poles and the arma- 
ture is a point to consider. 


Field windings, if grounded with the field pole, or 
if one coil is grounded with another, or if short- 
circuited, would either carry no current at all, or, 
at best, a weak current. 


(b 


— 


(c) The regulation system, such as the electromag- 
netic ‘voltage regulator,’ or the “current 
regulator,’ may not be properly adjusted. 
These regulators are usually connected with the 
shunt-field winding of the generator, and if not 
properly adjusted, they would permit too high 
or too low an output of the generator. 


Furthermore, the regulator windings may be 
open-circuited or short-circuited, thus necessi- 
tating a test of the windings. Or the points of 
the regulator may be burned together and fail to 
open, or the resistance, usually connected with 
the points, may be burned out. 


If the regulation is of the “third-brush” type, 
the brush may not be seating properly, or the 
brush may be worn too short, or there may be 
poor connection of the brush with the wire con- 
necting with it, or an improperly adjusted brush. 


Allor any one of these troubles inthe regulation 
system would prevent the shunt-field winding 
from building up lines-of-force properly and 
would thus affect the output of the generator. 


(d) The armature troubles are principally either in a 
short-circuited or in a grounded armature coil; 
that is, one wire may be shorted to another wire 
internally of the armature, or one wire may be 
grounded with the core of the armature, or there 
may be open circuits, where the wire is broken, 
or loose at the commutator, 


The commutator gives more trouble than any 
other part of the generator. Eighty per cent of 
the generator troubles are indicated by the con- 
dition of the commutator. 


A commutator blackened over its entire sur- 
face indicates too much grease and carbon dust. 
Rough commutators require turning down in a 
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lathe or being sanded. Mica insulation, which 
is placed between each commutator segment, 
will protrude in time, as the copper, being soft, 
wears. As a consequence, the mica protrudes 
and prevents the brushes from making good 
contact, thus causing arcing at the brushes 
which, in turning, burns the commutator. 
There are other causes of commutator troubles, 
such as loose segments, loose wires to segments, 
ete., all of which will be taken up farther on. 
Oil should never be placed on a commutator. 


(f) The brushes are a source of trouble, principally 
when they fail to make good contact, when there 
is Improper spring pressure, when the brushes 
are stuck in the brush-holder or are worn short, 
when the brush-holder is loose or when there are 
loose connections. All these affect the operation 
of a generator. When new brushes are fitted, it 
is important that they be seated to the curvature 
of the armature (explained farther on). 


(g) The cut-out has two windings: a ‘‘voltage wind- 
ing’ and a “series winding.” ‘The voltage fine 
wire winding connects across the main circuit 
of the generator. In some instances the cut-out 
points burn together and permit the current 
to flow back through this fine wire winding, 
which burns it out. 


The cut-out series winding is connected in 
series with the charging circuit from the genera- 
tor to the battery, and is a larger wire. It sel- 
dom burns out, but may become short-circuited, 
or open-circuited. ‘The windings can be tested 
for open circuits, short circuits, and grounds, 
just the same as the generator field-windings, 
the armature coil windings, and the regulator 
windings; explained farther on. 


The cut-out points sometimes stick together, 
thus permitting the battery to discharge back 
through the generator, which is usually indi- 
cated in the ammeter on the “‘discharge”’ side. 
This necessitates cleaning and adjusting points. 


(3) Starting Motor 


If we take the starting motor and divide it into its 
component and internal parts, we have: 


(a) The field poles and frame. d : 

(b) The field windings: straight “series” or “‘series 
parallel.” 

(c) The armature. 

(d) The commutator. 

(e) The brushes. 

(f) The bearings. _ 

(g) The starting switch. 

(h) The ground connections. 

(a) Field pole troubles are not common, but it is 
well occasionally to tighten the screws holding 
field poles to the frame, with a screwdriver. 


(b) The field windings, like the generator field- 
windings, can be tested for open circuits, short 
circuits, or grounds, explained farther on. 


(c) The armature troubles of a starting motor are 
usually due to the bearings giving way and 
permitting the armature to strike the pole pieces, 
thus injuring the armature windings. 

The armature windings can be tested for open 
circuits, short circuits, and grounds, in the same 
manner as a generator armature, as will be 
explained farther on, 

The armature shaft is sometimes bent or 
twisted, because of the back firing of the engine 
and hard strains. How to test and straighten 
this is explained farther on. 
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(d) The commutator on starting motor is subjected 
to a great amount of current passing through it. 
Thus if it is roughened, it should be turned 
down in alathe. It is seldom that the mica 
protrudes, as in a generator commutator, 
because the starting motor is not used as much 
as the generator. Loose wires from the arme- 
ture coils to the commutator segments some- 
times come loose and require soldering. 


(e) Brush troubles on a starting motor are usually 
due to poor contact on commutator, or to loose 
brush-holders. Brushesshould seat properly. 


(f) Bearings of a starting motor are usually plain 
bronze bearings which may become worn from 
the lack of oil and long service. Thus when a 
heavy charge of current (150 to 300 amperes) 
passes through the armature and the field- 
windings, as the armature revolves, it is forcibly 
drawn to the pole pieces, since the air-gap or 
clearance is very slight, with the result that the 
armature strikes the pole pieces and damages 
them. This usually necessitates a new arma- 
ture and end-plates with new bearings. 


(g) Starting switch troubles usually result from poor 
connections, loose parts, or burned contacts. 


(h) The ground connection from battery to frame, 
which is a part of the starting circuit, should 
occasionally be examined. If not properly made 
when first installed, the connections will corrode 
and cut down the current supply, not only to the 
starting motor, but to all of the other circuits. Vi- 
bration often causes this contact to become loose. 


(4) Wiring System 


If we take the wiring system and divide it into its 
various circuits, we have: 


(a) The starting-motor circuit. 

(b) The generator charging circuit. 
(c) The ignition circuit. 

(d) The lighting circuit. 

(e) The horn circuit, 

(f) The ground connections. 
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Tig. 1. Diagram of a Remy electric system as an example. 
The object of this diagram and the explanations is to point out 
where to start when tracing different circuits in order to locate 
troubles intelligently. Note the arrow points. 

Single arrow: starting-motor circuit. 

Two arrows! generator charging circuit. 

Three arrows: ignition circuit (primary). 

Four arrows: headlight circuit. 

Five arrows: tail-light circuit 

Six arrows: horn circuit. 

Seven arrows: cowl-light circuit. 

Single arrow to the side of wires: secondary ignition circuit. 
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Where to Start Tracing When Trouble Occurs 


(a) The starting-motor circuit: The circuit in 
this example would start from (+) of the battery, 
thence to the starting switch, to the motor, to 
ground, to (—) ground of the battery, as shown by 
single arrows on the wires. 

If the (++) terminal of the battery is grounded, then the 
starting of the circuit would be at the grounded (+) terminal 
of the battery, to the (+) grounded brushes of the starting 
motor, 


The parts included, therefore, in the starting- 
motor circuit are the battery, the heavy wire, the 
starting switch, the motor field-windings, the 
brushes, the commutator, the armature, the ground 
connection of the motor, and the ground connection 
of the battery. 


(b) The generator charging circuit: The point 
at which to start in the example (Fig. 1) is with the 
(+) brush of the-generator, to the cut-out series 
winding, through the closed cut-out points, to the 
ammeter, as shown by two arrows on the wires. 

If the (++) brushes are grounded, then the (+) terminal of 
the battery would also be grounded, and the start would be 
from the (+) grounded brushes, to the (+) grounded battery 


terminal, thence to the starting switch, where the main charging 
wire usually connects, to the ammeter, 


Thus the parts of the generator main charging 
circuit include the generator armature, the brushes, 
the cut-out, the ammeter, the connection to one 
side of the starting switch, the battery, and the bat- 
tery ground connection. 


Troubles which are common in this circuit are 
open circuits, grounds, short circuits, and poor con- 
nections; and the poor connections would include 
poor brush contact, loose terminals, and loose or 
corroded battery terminals and ground connections. 
It is very important that the third brush of a third- 
brush-regulated generator be properly seated. 


(c) The ignition circuit takes its current from 
the battery, at switch connection (B), when the 
engine is first started, or when it is running slow. 
When the engine is speeded up, the generator 
generates sufficient voltage to charge the battery, 
and the current for ignition is then taken from the 
generator at switch connection (G). 


In the example shown in the illustration (Fig. 1) 
the (—) terminals are grounded; therefore the start 
for the ignition circuit is at the (+) terminal of the 
battery or at the (+) terminal of the generator, to 
the switch at (B) or (G), to (I), to the resistance unit 
on the coil, through the primary winding, to (T), 
to the contact-breaker, to ground (G), to the (—) 
ground of the battery or generator, 

Tf the (+-) terminal of the battery and generator are grounded, 


then the start would be from (+) of the battery or generator 
to the grounded terminal of the contact-breaker. 


The ignition circuit is divided into two circuits, 
the primary low-tension circuit and the secondary 
high-tension circuit. 


The primary or low-tension circuit includes the 
ignition switch, the ignition resistance unit, the pri- 
mary winding and the contact-breaker, and also the 
condenser, which is always placed across the contact- 
breaker points. 


The condenser is sometimes placed in the coil, and 
sometimes on or in the contact-breaker housing, but 


in every instance it connects across the contact- 


breaker points. 


The resistance unit is sometimes placed on the coil 
and sometimes on the contact-breaker housing, and 
is always in series with the primary circuit. 
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The secondary circuit is an independent circu 
termed the “high-tension” circuit. It starts wi 
the secondary winding in the coil, through a ve 
heavy terminal, thence to the center of the distrib 
tor, to the rotor, thence to the segments or poin 
where it is distributed to the spark plugs in th 
regular firing order, thence to ground, to t. 
grounded terminal of the secondary. 


The parts therefore include the secondary win 
ing, the distributor, and the spark plugs. 


The primary ignition circuit usually takes its cu 
rent supply from the switch (if (—) terminal 
grounded). Note in the diagram that the connectic 
to the switch is from the ammeter. If the batter 
supples the current, then the current must pa 
through the ammeter on the “discharge” sid 
whereas, if the generator supplies the current, it 
taken direct at switch terminal (G), and thus doe 
not pass through the ammeter. 


Troubles which are common with the ignitio 
circuit are: open circuits, grounds, short circuit 
poor connections, both externally and internally ¢ 
the coil, also burned-out resistance units, loose cor 
denser connections, defective or short-circuite 
condensers, incorrect adjustment of contact-breake 
points, burned or pitted points, incorrect timing o 
opening of points of contact-breaker, defective dis 
tributor, incorrect spark-plug gap, leaky spark plugs 
fouled spark plugs. 


(d) The lighting circuit includes the headligh 
circuit, the dimmer or auxiliary light circuit, th 
tail-light circuit, the cowl board or instrument ligh 
circuit, and, in a closed car, there will probably be : 
dome light and tonneau light. In this example ¢ 
dimmer resistance is thrown in series with the head 
lights to dim the headlights. If switch connection i 
made at (5) (Fig. 1), the dimmer resistance is in serie: 
with headlights. If connection is made at (4), the 
dimmer is not in circuit, and headlights are bright 


The lighting circuit starts at the ammeter (1), i 
switch (B), if the battery supplies the current, anc 
from the switch at (G) if the generator supplies the 
current; that is, on the assumption that the (—) 
terminal of the battery and generator are grounded, 
which they are in the example shown on page 449. 

If the (+) terminals are grounded, then the circuit would 


start from the (+) ground of the battery and generator to 
ground of the lamps. 


If current for lights is taken from the battery, the 
current in the example (Fig. 1) (and on many other 
systems) must pass through the ammeter (2) to (1), 
and thus it shows “discharge.” 


ae current is being taken from the generator for 
lights, it is taken from (G) on the switch for the 
headlights, and one side of the ammeter (1) for the 
other lights, but does not usually pass through the 
ammeter, 


The current passes through ammeter, however, 
from (1) to (2) (or in the opposite direction to that 
in which it passed when the battery was discharging), 
When the generator is charging the battery the 
needle will show “charge.” 

If the (+) of the battery and generator are grounded, then 


the start would be from this ground to th i 
circuits, as shown in Fig. 8, face 426. a. Gnieh jot all Lens 


Hither a fuse (page 426, Fig. 8), or a circuit- 
breaker (see Delco system, Fig. 15, page 392) is 
always placed in the lighting circuit. A fuse or 
circuit-breaker is seldom in any of the other circuits 
except the horn, which always has a fuse or circuit- 
breaker in series with the circuit, 
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Troubles which are common in the lighting cir- 
1its are open circuits, grounds, short circuits, poor 
mnections, burned-out bulbs, and blown fuses. 


If all of the lights fail to burn, the indications are 
blown fuse. Therefore the first place to look is at 
1¢ fuse; if the fuse is not blown, then an open cir- 
uit exists. 


If only one of the lights fails to burn, the indica- 
ons are that the bulb is burned out or an open cir- 
it exists on that line. 


If the ammeter shows “discharge” with all 
witches off, then the indications are a “ground.” 
' the discharge is heavy, a short circuit in the wiring 
<ists at some point, and the fuse should “‘blow”’ if 
1ere is one in the circuit. 


When troubles of this nature occur, the trouble 
10uld be located before a new fuse is installed. 


(e) The horn circuit is usually taken from the 
mmeter (1), in the same manner as described under 
ne subject of lights. A push-button is usually 
laced in the top of the steering column. A fuse is 
lways connected in the horn circuit, or else in the 
ircuit-breaker circuit, as on Delco systems. 


Troubles of the horn circuit are open circuits, 
rounds, short circuits, push-button defects, and 
Iso troubles internally of the horn. See Index for 
Electric horns.” 


(f) Grounded connections: By referring to 
ig. 1, and to Fig. 8, page 426, and to all other 
firing diagrams of the single-wire, ground-return 
ystems, it is to be observed that the grounded 
onnection of the battery not only serves for the 
enerator charging circuit, but is also a return path 
r lead for all circuits. Hence the importance of 
eeing that this and all ground connections are tight. 


(5) The Dash Ammeter 


The dash ammeter might more properly be termed 
he cowl ammeter, as it is placed on the cowl or 
astrument board of the car. 


The purpose of this instrument is to indicate the 
mount of current passing from the, generator to the 
attery, and indicates on the “charge” side of the 
ero (0) of the ammeter. 


When current is being taken from the battery for 
hts and ignition (not for the starting motor), the 
urrent is from (2) to (1), and the needle of the 
mmeter indicates on the ‘discharge’ side (see also 
age 334). Thus it is clear that if the ammeter 
hows “discharge” when it should show “charge,” 
r if it shows “discharge” when all switches are off, 
| indicates something is wrong. This subject is 
reated on pages 471 and 472. 


On some ears, for instance the Franklin, an indi- 
ator is used instead of an ammeter. This device 
ndicates when the battery is “discharging” or being 
charged.” Unlike the ammeter in one respect, 
Ithough it serves the same purpose, It can be placed 
n the circuit of the battery to the starting motor. 
wing to its construction, 1t will show “charge’’ or 


“discharge” on 2 amperes of current, yet it is capable 
of withstanding 300 amperes and any voltage. The 
ammeter, however, is universally used. 


If the ammeter should be connected wrong, or if 
the battery is connected wrong, the ammeter needle 
will read in the opposite direction. 


The point to note is this: Usually the ammeter is 
the point from where the ignition, lighting circuits, 
and horn derive their source of electric supply for 
either the battery or generator, and that the current 
runs thence to the switch. 


Summary 


The various parts and circuits of the electric sys- 
tem have now been fully dissected. The reader 
should bear in mind that the only successful method 
of diagnosing electric trouble is to locate the circuit 
or the part the trouble is in, and to eliminate one 
possible cause after another, until the probable 
cause is arrived at. We could fill this book with 
an enumeration of possible troubles, their cause and 
remedy, but the simplest method is to learn the 
fundamental principles of each part, the circuits, 
and the relation of one circuit and part to another, 
and then to THinK—and to use intelligent thought 
before deciding, or even starting to locate a trouble. 


When making tests, first determine which one of 
the parts or circuits the trouble is in, and then test 
that part from the beginning to the end. 


For instance, if the generator fails to show 
“charge” on the ammeter, start at the (+) of the 
generator, then the fuse (field fuse), then the cut-out, 
then the circuit. If the fuse is blown, there must be 
a short circuit. Find the cause. 


If lights fail to burn, first examine the lamp-bulb 
to see if it is burned out; if not, then the lamp-socket, 
then the fuse; then start at the switch, and then 
test the wiring. If the fuse is blown, find the cause. 


Points to Remember 
Remember this same principle applies to a two-wire system. 


Remember that when a fuse-block is used in a circuit, the fuses 
are merely cut into each circuit, which will melt and open 
the circuit if a wire or part becomes short-circuited. The cause 
of the “blowing” should always be learned. 


Remember that a fuse is never used in the starting-motor 
circuit, but a fuse is used in the field-circuit in nearly all third- 
brush regulated generators. If the fuse is blown, the generator 
will not generate current. Also remember that the ammeter 
is never connected into the starter circuit unless it is connected 
with a “shunt.” 


Remember that the cut-out is often placed integrally with 
the generator. For instance, on the illustration, page 364, 
the cut-out is in the generator housing and is connected inter- 
nally with the generator. 


Remember that the regulation of the output of a third-brush 
generator does not have a separate mechanism to regulate the 
current, and that it is important that the third-brush, as well 
as all other brushes, should be properly seated to the commuta- 
tor. 


Remember that a generator which has a voltage regulation 
system does have a mechanism called a “voltage regulator,” 
which controls the output. 


Remember that a Wiring Diagram Book will tell you just 
what kind of a regulation system a generator has, and will also 
show the external and internal circuits. 


OPEN CIRCUITS, POOR CONNECTIONS, GROUNDS, AND SHORT CIRCUITS 


Throughout the preceding instructions, frequent 
eference is made to the subjects in this heading. 
Ve shall now analyze the meaning of these and their 
elation. In fact, practically all of electric troubles 
re due to open circuits, poor connections, grounds, 
r short circuits in some part of the electric system. 


Open Circuits 
Open circuits, as the name indicates, is a point 
where any part of a circuit is opened. It is an 
incomplete circuit, and thus it does not offer a pas- 
sage for the current. 
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Low-tension (voltage) direct current is used in all 
circuits of the automobile, except in the secondary 
ignition circuit, which is an independent circuit of a 
high tension. The secondary circuit, however, is 
dependent upon the low-tension primary circuit for 
its existence. 


In order that electricity may flow, it must have 
a complete circuit to flow in, even though it is not a 
copper path all the way. For instance, the steel 
frame of the car can be, and is, used for a part of the 
path. 


Electricity starts at the positive or (+) terminal 
of the generator or battery, and returns to the nega- 
tive or (—) terminal. 


Thus if the circuit or path is open, the low-tension 
current cannot pass or jump across a gap, and this is 
termed an “open circuit.’ 


Causes of open-circuits may be said to be loose 
connections or blown fuses, broken wires, or the 
fact that brushes on the generator or motor do not 
make contact; also open circuits may occur at the 
commutator where the armature coils are soldered 
to the commutater segments, or possibly on the 
armature coils themselves, or in the field windings, or 
in loose or poor connections at the battery or ground 
wire. 


Indications of open circuits are: Lamps failing to 
light, ammeter failing to indicate “charge” or ‘‘dis- 
charge,” the starting motor failing to start, absence 
of spark at the spark-plug points. In fact, an open 
circuit could exist in any one of the circuits, but sel- 
dom in all circuits at one time; hence the importance 
of knowing the different circuits and their relation 
one to the other. 


There are several methods of testing for open 
circuits, all of which will be explained farther on. A 
few pointers are given below. 


If any one lamp fails to light, it indicates an open 
circuit in that line. ‘Blown’ fuses, a broken lamp 
filament, or a broken lamp wire may be responsible. 


If all lamps fail to light when the engine and 
dynamo are speeded up, the open circuit is most 
likely located between the battery and the dynamo, 
or between the dynamo and the lighting switch. 


The “blowing” or melting of a fuse opens the 
circuit and disconnects from the system the short- 
circuited wire which caused the fuse to blow. There- 
ee the cause should be located, before replacing a 

use. 


An open circuit that often occurs, and that is diffi- 
cult to find, is a broken wire inside of the insulation 
of the lighting wiring, The easiest way to find the 
break is first. to determine which one of the wires is 
open and then temporarily to run another wire in its 
place and note if it remedies the trouble. 

Testing current flow: Whether or not current is 
flowing in a given circuit may be determined by 
removing one of the wires forming the circuit, and 
then touching it to its terminal. If a spark occurs, 
current is passing through the line, 


Loose and Poor Connections 


_It is also well to notice the close relation of open 
circuits and loose connections, If connections are 
poorly made, but not completely loosened from 
the terminal, then there will very likely be an 
“intermittent open circuit,” that is, the circuit will 
be complete at times, and at times open, 
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Grounds 


There are two kinds of grounds: one which is 
intended to ground the circuit, as from the battery 
to the frame of the car, and one which is not intended 
to ground, but does so for various reasons. It, is 
with this latter ground that we shall deal here. 


In speaking of an intended ground, bear in mind 
that it has no connection whatever with the ground 
orearth. It is merely a term used to indicate that a 
part of the circuit is connected to some metal part 
of the car, thus saving the necessity of using two 
wires for a circuit. 


Wires that are grounded, but not intended to be 
grounded, can be the result of numerous causes. 
For instance, if the insulation on one or more of 
the armature coils is in such a condition that there 
is a leak of current through the insulation to the 
metal core of the armature, it would be termed 
“grounded.” 


Or if two wires are oil-soaked and close together, 
and if they leak current from one to the other, the 
circuit may not be completely short-circuited, but 
it will be “grounded,” and thus reduced in value, 
owing to the leak, which results in a weak current 
supply. 


A__.. FRAME OF CARY 


LIGHTS. 

BURNING 2©). 
Fig. 2. A ground. 

Another example of a ground is shown in Fig. 2, 
where a two-wire system from a battery is shown 
connected to two lights. If the wire was grounded 
to the frame at (A), the current could still flow to 
thelamps. Therefore, a “round” might be termed 
an electrical “leak.” 


Short Circuits 


A short circuit means that two conductors of cur- 
rent are in metallic contact when they should not be. 


_ Fig. 3. A short circuit with wires which are supposed to be 
insulated from the frame. 


_ For example, on a two-wire system, as in Fig. 3, 
if one wire was “grounded” to the frame of the car, 
as at (A), and the other wire of the circuit was 
grounded at (B), a “dead short circuit” would be 
the result, and the lights would not burn atall. The 
path of the current from the battery would be 
shortened, and as electricity takes the path of least 
resistance, it would flow freely through the frame of 
the car instead of through the lamps, which are of 
higher resistance. The result would be that the 
battery would discharge at a very high rate. In 
fact, the effect in this instance would be the same as 
connecting a wire across the terminals of the battery, 
and unless the wire was of very large size, it would 
get very hot, or burn into and thus damage battery 
internally. For this reason fuses or circuit-breakers 
are used in some of the circuits such as the lighting 
and horn circuits, which are longer and are more 
exposed, and nearer to the frame, to dampness, ete. 


ELECTRIC PARTS OF A CAR 


Fig. 4. A short circuit where one wire is insulated and 
the other grounded. 


An example of a short circuit on a single wire or 
grounded return system of wiring is shown in Fig. 
4, Under these conditions we should have the 
same result as in Fig. 3. 


Note, for instance, that the circuit (when not 
short-circuited) is from the positive terminal of the 
battery, to the grounded connection to the frame, 
to the grounded connection at the end of the frame 
(which is intended), through the lamp, to the nega- 
tive terminal of the battery. 


Suppose the wire, as shown, becomes short-cir- 
cuited or in contact with the frame at (A): the 
result is that the path is shortened and the current 
would flow from the positive terminal of the batitery, 
through the ground connection, to the frame, 
through the wire in contact with the frame at (A), 
to the negative of the battery. Thus the current 
is short-circuited and would not pass through the 
lamp, since the easier path is through the wire where 
it makes contact with the frame. The effect on 
the battery would be the same as placing a wire 
directly across the battery terminals, which would 
be termed a “dead short circuit” across the battery 
terminals, 


Indications of Grounds 


if there is an ammeter on the car, it will show a 
“discharge” with all switches off. The needle 
should stand at “0” when all switches are “off.” 


Lamps when turned on will burn dimly, in case of 
a ground. 
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Testing for a ground is made by several different 
methods, but if the ammeter shows “discharge” 
with the switches “off,” then it is a matter of finding 
which wire is grounded. This will be explained 
farther on. 


If there is no ammeter on the car, and a ground is 
suspected, then turn all switches “off”? and discon- 
nect the wire at the terminal of the battery (as in 


SPARK 


Fig. 5. 


Fig. 5), and strike the terminal in quick succession. 
If a spark occurs, even though very slight, it indi- 
cates a “ground.”’ Grounds will cause the battery 
to discharge. The rate of discharge will depend 
upon the intensity of the ground. 


Indications of Short Circuits 


If there is an ammeter on the car, the needle will 
probably go to the limit of the scale on the “dis- 
charge”’ side. 


Fuses will blow repeatedly. 


If a short circuit exists in the starting-motor cir- 
cuit, it will probably be indicated by the wires get- 
ting very hot, and the smell of burned insulation can 
be noticed. In fact, a “dead short circuit’? would 
cause the insulation to burn and smoke. This 
would seriously injure the battery internally if per- 
mitted to continue for a long period of time. 


As previously stated, grounds, short circuits, and 
open circuits may exist in any part of the circuit, 
even to the armature and field-windings. The 
indications and appropriate tests will be taken up 
in their respective order farther on. 

Before taking up the subjects of electrical tests 
and tools and devices to test with, a Digest of 
Troubles will be given in the next instruction, 
which is to be used as a reference. 


INSTRUCTION No. 41 


DIGEST OF TROUBLES: Electrical Troubles; Engine Troubles; 
Miscellaneous Troubles 


MAKING A DIAGNOSIS 


Diagnosing automobile troubles requires thought 
and reasoning. If a person understands the princi- 
ple and construction of the various parts of a car 
and one of the hundreds of possible troubles occurs, 
then simply reason it out; ask yourself what the 
trouble is, what could cause that trouble, and why 
the trouble is there. Find out if it is ignition, car- 
buretion, cooling, or just what the trouble is, and 
then figure it out the best you can before proceeding. 


It is of little use to turn the engine over and over 
by the starting handle or by means of the engine 
starter, in an effort to get it going. If the engine 
will not start with a few turns, the chances are that 
there is something radically out of order, requiring 
intelligent attention. With the carburetor giving a 
correct mixture, the ignition system affording a hot 
and effective spark, and everything else apparently 
all right, it should be as easy to secure an explosion 
on the second stroke as on the sixtieth. So if the 
engine will not start with the second or third 
attempt, it is not likely to start with three or four 
hundred attempts; consequently it is better to find 
out the cause of the trouble than to turn the engine 
over indefinitely and run the battery down. 


To Make an Engine Run Two Things 
Are Essential 


Always remember, when diagnosing troubles, 
that there are two essentials to the running of an 
engine: first, gasoline; second, a spark. 


The gasoline must reach the inside of the cylin- 
ders, and the spark must be there at the proper time 
to ignite the gas. If you have both, something is 
bound to happen, even though it is but a single 
explosion. 


Next, remember that even though you have a 
spark and gasoline—the engine will not run properly 
if the gas does not enter the cylinder at the right 
ee “and stay there,” and be in a proper gaseous 
orm. 


The gas cannot be ignited regularly if there is not 
a good, hot spark at the correct time. 


Next, remember that if an engine is not properly 
lubricated and cooled it will heat. If the engine is 
too cold, heat must be applied for proper carbure- 
tion, 


Therefore, speaking generally, we find that most 
troubles are found to originate in ignition, carbure- 
tion, and lubrication. 


If trouble occurs, first find which of the three 
headings the trouble comes under and then reason it 
out. 


The object. of this digest or condensed account 
of troubles and remedies is simply to give you an 
idea of what would be likely to cause certain troubles 
and what would be likely to remedy them. The 
reader will then decide which one is most probably 
the trouble confronting him, and if he does not know 


the meaning of certain adjustments called for, he will 
then turn to the Index, find the subject mentioned, 
and read up on that subject. 


Systematic Trouble Hunting by a Process 
of Elimination! 


In dealing with engine troubles, one should always 
try to figure out the possible cause of a trouble 
before starting to adjust something that does not 
need adjusting. 


An adjustment never should be changed without 
a knowledge of why the change is made, the effect 
the change should have, and how to restore the 
mechanism to its original adjustment. 


If one will first reason out the probable causes 
of a trouble, the real cause can be quickly located. 
For instance, if a single lamp fails to burn, you will 
know that the trouble is not in the battery or the 
generator if all the other lamps burn. Therefore 
the cause must be in that particular lamp, in the 
socket, or in the wiring of that particular lamp. 


Similarly, if the starting motor fails to start the 
engine, yet you know that it is turning the engine 
crank shaft, and your lights burn brightly, you 
would not look to the battery for the trouble, but 
you would know that the trouble must be with the 
ignition or carburetion. It is then a matter of 
applying the process of elimination—that is, test 
each of the remaining probable causes until the final 
cause is the only one left. 


_ When the possible cause of trouble cannot be 
imagined, then begin with a careful examination of 
all the features of the engine that are likely to give 
rise to the trouble. 


_ If nothing out of order is found, then begin test- 
ing out the various features, beginning with the 
easiest and most accessible, and thoroughly com- 
plete each test before starting on another possible 
cause. 


For example: If your ignition system is suspected 
the easiest thing to test would be the spark plugs. 
First find the faulty plug; then proceed from the 
spark plugs to the wiring between the plug and the 
istributor; then examine the battery connections 
the switch connections and, last of all, the adjust- 


ments of either the timer, the coil, or the magneto. 


Do not examine a spark plug and then leave it 
and try a few carburetor adjustments, and later 


come back for another spell of tinkering with the 
ignition, ete. 


If you suspect the ignition system, go to it from 
beginning to end in a systematic manner before 
proceeding with the carburetor, and likewise with all 
other parts. 


* See Index for “Digest of lightin, iy 
Sec 2 troubles”? and 
for “ Storage battery troubles ’’ and ‘ Tire troubles,” pine 


f 4 J i pa Y 
a payin subjects involving ‘ troubles.’’ See also pages 
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DIGEST OF GENERATOR TROUBLES! 


When troubles occur in the electric system of a 
car, remember that the electric system is divided 
into four parts: the lighting circuit, the generating 
circuit, the starting-motor circuit, and the ignition 
circuit. ‘The idea is then to determine in which of 
the circuits the trouble is, and then to test it from 
beginning to end, as previously explained. 


The troubles and the indications and causes of 
generator troubles can be classed under two heads: 
those which are due to mechanical defects and those 
due to electrical defects. 


Mechanical Generator Troubles 


Indications: Noise; low current generated, or no 
current at all. 


Causes: (1) Broken bearing (examine by turning 
armature by hand. If it sticks or turns hard, look 
to ball bearings and replace); (2) loose driving gear 
or pinion (if loose, key to shaft); (8) armature off 
center (may be due to loose pole pieces. See that 
the screws with counter-sunk heads on outside of 
generator are tight); (4) shaft bent (this is more 
common on starting motors than on generators. A 
new armature is required if shaft is bent); (5) 
commutator burst (when this happens the brushes 
and brush-holders, etc., are also damaged. A new 
armature, brushes and brush-holders are required). 


Electrical Generator Troubles 


Electrical troubles can be classified as: (a) open 
circuits; (6) grounded or short circuits; (c) defective 
regulation system; (d) defective cut-out. 


(a) Open-circuit indications would be a low current 
generated, or none at all. 


Causes: (1) Brush connections poor; (2) 
brushes stuck; (8) brushes worn too short; (4) 


brush spring broken, with consequently no 
spring pressure to hold brush to commutator; 
(5) dirty commutator; (6) if the armature is 
open by connection being loose at commutator, 
or owing to a broken coil, it would cause intense 
blue sparking at commutator and flattened 
commutator bars; (7) field coils, if open, will 
show no current at all, or if partially open, a low 
current generated. 


(b) Ground or short circuits may be (1) at main 
terminals; (2) at brush connections; (3) at brush 
holders; (4) armature, if short-circuited, will 
cause excessive heating of armature, burned 
insulation, and low current; (5) field coils, if 
short-circuited, will cause field coils to heat and 
low current to be generated; (6) commutator, if 
short-circuited, will produce no current at all, 
or a low current output. 


(c) Regulation: In this instance we shall deal with 
the “third-brush” system of regulation. If a 
“Voltage-regulated” system is used, see Index. 


Indications will be that the charging current 
is too low or too high, and does not remain con- 
stant at high speeds. 


Causes: (1) Incorrect setting of third brush; 
(2) brush not sanded in; (8) spring pressure on 
brush not sufficient. 


(d) Cut-out remaining open at all times: Result 
willbe: (1) no current to battery; (2) generator 
will get very hot; (8) generator will burn out. 


(e) Cut-out remaining closed at all times: Result 
willbe: (1) battery will discharge back through 
generator at about 20 amperes (on the Ford), 
when the engine is not running or not running 
fast enough. ‘This will discharge the battery, 


GENERATOR TROUBLE CHART 


Loose Pinion 
Mechanical Troubles 


Bent Shaft 


OPEN CIRCUIT 


GENERATOR 
TROUBLES 


GROUND OR |, 
SHORT CIRCUIT 


Electrical Troubles 


THIRD BRUSH } 


Broken Bearing 


Loose Pole Piece 
Commutator Burs! 


Incorrect Setting 
Brush Not Sanded in 
Spring Pressure Not Right 


No Current to Battery 
Open 


Indicated by Noise, 
Low Current or No 
t Current Generated. 


Brush Connections 
Brush Stuck Indicated by Low Cure 
Brush Rigging 


rent Generation or 


Brush Too Short 
No Current at All 


Brush Spring Broken 
Dirty Commutator 


Intense Blue Sparking at 


Armature } Commutator and Flatted 


Commutator Bars 


No Current Generated 


Fields { If Partial Open—Low Current 


Main Terminal 
Brush Rigging { Erush Connections } Low or No Current Generated 
Brush Holders 
Excessive Heating of Armature 
SERERIG Insulation Burned—Low Generation 


Coils Heat 
SIERO Low Current Generated 
No Current Generated 
Commuiatoy or Low Current 
Indicated by Charging Current Being 
Too High or Too Low and Not 
Remaining Constant at High Speed 


Generator Very Hot 
Will Burn Out Generator Quickly 


Generator at About 20 Amperes 
When Engine is not Running. This 
Will Discharge Battery 


CUT OUT Battery Will Discharge Back Through 
A Closed 


DIGEST OF STARTING-MOTOR TROUBLES? 
those which are due to mechanical defects and those 


ing- bles, their indications and 
Pee eee clsae due to electrical defects. 


causes may also be classified under two heads: 


1 The ‘Generator Trouble Chart”’ is reproduced here through Mechanical Starting-Motor Troubles 


courtesy of the Service Station Equipment Co., Chicago, Ill. 


2The “Motor Trouble Chart” (page 456) is reproduced 
through courtesy of Service Station Equipment Co., Chicago, Il. 


Indications: Excessive current draw, slow crank- 
ing or complete failure to crank, and excessive noise. 
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Causes: (1) Worn bearings; (2) shaft bent; (3) 
commutator burst; (4) loose pole-pieces; (5) broken 
Bendix drive system; (6) armature off center (may 
be due to loose pole-pieces, in which case tighten 
screws). 

Gummed oil on Bendix drive: It sometimes hap- 
pens that oil has come in contact with the Bendix 
drive shaft and becomes gummed, thus preventing 
the drive pinion from moving to its position and 
engaging the fly-wheel gear. This condition can be 
remedied by squirting some gasoline with an oil gun 
upon the Bendix drive shaft through the opening at 
the rear of the starting motor. 


Electrical Starting-Motor Troubles 


Electrical troubles are classified under (a) open 
circuits; (b) ground or short circuits. 


Open-circuit indications would be suggested by 
low current or no current, and by failure of starting 
motor to operate. If a partially open circuit is 
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found to exist, the current draw will be low and 
cranking slow. 


(1) Brush pigtails loose; 
poor brush-spring pressure; brushes too short; 
dirty or burned commutator; (2) armature com- 
mutator blue sparking, or flattened commutator 
with slow cranking; (8) fields open; (4) starting 
switch open; (5) loose connections at battery, 
ground, or switch. 


Open-circuit causes: 


Ground or short-circuit indications are excessive 
current required, no cranking, or slow cranking. 


Grounds or short-circuit causes: (1) Shorted 
fields cause excessive current and slow cranking; 
(2) armature shorted causes excessive current, 
burned insulation, slow cranking; (3) commutator 
shorted causes excessive current, no cranking; (4) 
when the brush rigging is shorted, the causes may 
be in the main terminal, in the brush holders, or the 
pigtails may be loose. 


MOTOR TROUBLE CHART 


Worn Bearings 
Shaft Bent 
Mechanical ) Commutator Burst 


Troubles Loose Pole Piece 
Broken Bendix 


Armature Off Centre} Noise 


Brushes Not Contacting. 


MOTOR 
TROUBLES 
OPEN 
CIRCUIT 


Brush Rigging ie 


All Indicated by Excessive 
Current Draw and Slow 
Cranking or Complete Fail- 
ure to Crank and Excessive 


rent or No Current and 
Failure to Crank. If 
Only Partial Open Oceurg 
the Current Draw will be 
Cranking Slow. 


Poor Spring Pressure 
Dirty or Burned Com- 
mutator 


II Indicated by Low Curs 
= Too Short \ Bona Caen 


Low and 


Intense Blue Spark at Brush 
and Flatted Commutator 


Armature 
with Slow Cranking 


No Current 


piclesT\(NolCranking 


Electrical 


Troubles | Excess Current 


Eielda l Slow Cranking 


Excess Current 
Armature { Burnt Insulation 
Slow Cranking 


SHORT 


CIRCUIT Excessive Current 


Commutator 


No Cranking 
Brush Main Terminal Indicated by Excessive Cur+ 
Riggin Brush Holders rent and No Cranking of 
SEINE | Pigtails and Connectors ) Slow Cranking 


STORAGE-BATTERY TROUBLES 


This subject is treated under the discussion on the See also, Instruction No. 48: “Testing Stor Bat- 
“Storage Battery.”’ See Instruction No. 49: “Digest —_ teries.”’ 2 = ha 
of Storage Battery Troubles; External and Internal.” 


LOCATING TROUBLES OF THE ELECTRIC SYSTEM IN GENERAL 


In addition to the electrical troubles enumerated 
above, the following data, graphically presented, 
will assist in quickly locating troubles in the electrie 
system. 


9. Ground or short in motor: 
brush rigging. 

10. See Motor Trouble 
Troubles.” 


11. See Motor Trouble Chart, under “Mechanical 
Troubles.” 


field, armature, or 
Chart, under ‘Electrical 


Assume That Battery Is Fully Charged 
Trouble: Motor will not crank engine. 
Possible causes: 
Assume That Battery Is in a Discharged 
Condition 


Trouble: Battery not being charged at proper rate. 
Possible causes: 


. Bendix drive or starting mechanism out of order. 
. Engine too stiff, 

Open circuit in wiring. 

. Ground in wiring. 

. Defective starting motor. 

. Broken or loose wiring connection in startmg- 
motor circuit or ground. 

. Starting switch does not close, or contacts 
burned out. 

. Open circuit internal to the motor: 
ture, or brush rigging. 


Generator not working properly. 

Generator charging at a low rate, or not at all. 
Open generator circuit. 

. Grounded generator circuit. 

. Defective cut-out; will not close. 

Broken or loose connection on generator line. 
Shorted or open coil in cut-out windings. 


CO NN OOP wD & 


field, arma- 


NOOR ON 
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8. Cut-out contact points defective, or improper 
spring tension. 


9. Low charging rate. 
10. Third brush not set properly. 
11. No charging current. 


12. Generator may be new, or perhaps has been 
operated for some time with field fuse removed. 
Field can be excited by momentarily connecting 
one side of the fuse clip with the metal part of 
the generator when the engine is running slightly 
above idling speed. 


Trouble: Battery being charged at proper rate, but 
will not hold charge. 


Possible causes: 
1. No water over plates. 
2. Battery has internal or external ground. 


3. Excessive use of current in starting and for 
lights; very little day driving with lights off; 
mostly night driving with lights on. 


4, Cut-out stuck. 
. Wiring defective. 


6. Added electrical equipment using too much cur- 
rent. 


7. Bulbs with too high a candle power. 
. Bulbs old and using too much current. 


9. Stiff engine, using excess current, especially 
during cold weather. 


On 


ee) 


Starting-Motor Trouble Tests 
Trouble: Motor will not start: 


Turn on the lights and try the starter. If the 
lights do not dim, then the battery is probably 
charged, as the condition of the battery is the first 
thing to test when the starting motor does not 
operate. Then examine: 


(1) For an open circuit in the starting switch. 
(2) For an open circuit at the motor terminals. 


(3) For an open circuit at the ground connection 
to the frame of the car. 


(4) The commutator; examine, and see if glazed. 


(5) The brushes; see if they are bearing on the 
commutator, and if they are seating properly. 


(6) The brushes; remove and inspect—they may 
be worn or stuck, or one of the brush-holders 


may be loose. 


(7) The brush material; it may be of too high a re- 
sistance. 


Trouble: If the ammeter shows no reading when 
lights are switched on; if the starting motor 
kicks over spasmodically or not at all; or if the 
lights do or do not dim when the starting button 
is depressed, examine the inside of the motor 
as follows: 

(1) For a short circuit in the field or armature coils. 

This will cause the lights to dim, or the am- 

meter will show no reading when the starting 

switch is closed. The ammeter referred to is 
in the lighting circuit, not the starting-motor 
circuit.) 

For an open circuit in the armature where the 

coils are soldered to the commutator segments. 

(This will cause the motor to kick over spas- 

modically or not at all.) 


(2 


wa 
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Next, check the external motor circuit: 


(1) To the frame. (If open, slow cranking or none 
at all will result.) 


(2) To the switch. (If open, the lights will not 
dim; if grounded, the lights will dim excessively 
or the ammeter will show no reading when the 
starting switch is closed and lights are turned on.) 


(3) To the battery. 


Trouble: Starting motor starts, but not enough to 
turn engine over: 


(Same indications as 2.) 


(1) Crank the engine by hand to see if it is unusu- 
ally stiff. 


(2) If the engine will not start readily by hand 
cranking, then look for engine trouble. 


(3) Bendix drive may be stuck, or there may be a 
broken Bendix spring. 


Next, if the engine, the ignition, the carburetion, 
etc., are in order, then look for: 


(1) Poor contact at battery terminals. 
(2) High resistance contact at brushes. 
(3) Poor connection between brush and shunt-field. 


(4) Poor connection between brush and_brush- 
holder. 


(5) All brushes not bearing on commutator. 
(6) Brushes stuck in brush-holder. 
(7) Grounded brush-holder. 


(8) Loose ground connection (if car has a ground 
return system). 


es ee 


(9) Battery below cranking capacity. 
(10) Open circuit in armature coils. 


Next, disconnect battery, and make a temporary 
connection to a fully charged storage battery. 
If the starting motor will then turn the engine 
over, the battery in the car is at fault. 


Test storage battery with hydrometer. If the stor- 
age battery is low, look to the generator. 
(Note. Always make a hydrometer reading 
before adding distilled water. See “Storage 
Battery” instruction.) 


If battery is low or lights are dim, test out the 
ampere charging rate of the generator. (Do 
not rely upon the ammeter on the car.) 


Trouble: Lights and ignition are cut off entirely 
when the starting switch is depressed. 


(1) Starting switch may be loose, where the wire 
connects from one side of the starting switch 
to lead to the ammeter, ignition, and lighting 
switch. 


(2) A short circuit may exist at the switch, which 
will short this circuit. 
Generator Trouble Tests 


The following will explain where to test a genera- 
tor for open circuits, short circuits and grounds. 


Test for open circuit in: 
(1) Generator terminals. 


(2) Battery connection. 


(3) Ground connection to car frame (if car has a 
grounded return system). 


(4) Fuse. 
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(5) “Cut-out” or ignition and lighting switch. 
(6) Field windings and armature coils. 
Test for short circuit in: 


(1) Generator itself; field windings and armature 
coils. 


(2) In external wiring. 
Examine brushes and commutator for: 


(1) Pitted or burned segment surfaces and brush 
seats. 


(2) Dirty or glazed commutator, high wired, rough 
commutator. : 


(8) High resistance contact at brushes. 
(4) Worn-out brushes. 
(5) Poor connections. 
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(6) Brushes not bearing on commutator (faulty 
spring or holder). 


Examine generator for: 
(1) Worn bearings causing unequal air-gap. 


(2) Reversed polarity. (Storage battery is some- 
times reversed in position in car.) 


Examine regulator and cut-out for: 
(1) Dirty or pitted contact points. 
(2) Contacts out of adjustment. 


(3) Regulator cuts out too soon or not soon enough, 
owing to gummed mechanical parts. 


(4) If in a third-brush regulation, see brush connec- 
tion or look for defective mechanism. The third 
brusu failing to seat properly is a common cause 
of an open circuit and a low charging rate. 


es DIGEST OF ENGINE TROUBLES: CAUSE AND REMEDY! 


Ordinary engine troubles are generally of three 
kinds: 


(1) Engine will not start. 
(2) Engine starts but misses. 


(3) Engine starts and runs regularly but has no 
power. 
The following matter refers principally to ignition 
and carburetion troubles. 


ENGINE FAILS TO START. 


(1) Lack of gasoline: See that there is gasoline 
in the tank and that the shut-off cock is open. 
Make sure that gasoline is flowing to the car- 
buretor by priming or pushing down the 
carburetor float. If the carburetor is too 
full, the gasoline willdrip. If the carburetor 
is not full enough, look for a stoppage in the 
gasoline pipe and see that the vent hole in 
the tank cap is open. 


(1A) Carburetor needs priming: Hither prime 
carburetor or close air intake valve. 


(2) Poor quality of gasoline: Some of the gaso- 
line offered for sale is of such poor quality 
that it will not vaporize when the engine is 
cold.2 The gasoline may contain water, 
which will freeze in cold weather and clog 
the gasoline pipe. Old or stale gasoline may 
also cause difficult starting. 


(8) Too much gasoline: The cylinder may be 
flooded with gasoline; the spark plug may be 
soaked. Open the relief cocks, cut off the 
throttle, and crank the engine until the 
excess is eliminated and an explosion occurs, 
Then close relief cocks, open throttle only 
partially and try cranking again; engine 
ought to start. Float may be loose; or a 
grain of dirt may be under the needle valve. 


(4) No pressure in fuel tank: If the system is a 
pressure fuel system, then use the hand pump 
and try priming carburetor. See that the 
gasoline tank filler cap is tightly screwed on. 


(5) Lack of ignition current: If battery ignition, 
see if battery is strong. Remove one of the 
spark-plug wires and hold it about 34’ away 
from plug and terminal, and see if the spark 


18ee “Digest of Lighting Troubles,” and “Storage Battery 
Troubles.” 


2 Very common in cool weather, 


. See Index under ‘“‘Carbure- 
tion troubles.” 


jumps the gap when the engine is cranked. 
If there is no current at all, then look for 
broken or loose wires at the switch and on the 
battery and the battery ground connection; 
Also on the connections on the coil and dis- 
tributor and timer. If the spark is very 
weak, then look to the battery and test coil 
and the ignition resistance unit and the 
condenser. 


(6) If starting motor fails: See Index under 
“Starting motor fails to start.” 


(7) Spark plugs: Spark plugs may have become 
sooted from over-lubrication, or if they have 
seen considerable usage the points may be 
burned and corroded. If water has been 
splashed on the engine when it was hot, the 
porcelain of the plugs may be cracked. See 
that the sparking points are perfectly clean 
mr that the gap does not exceed .020” to 


ENGINE STARTS BUT MISSES. 


(8) Carburetion adjustments: If on a cold day 
and engine has just been started, wait a few 
minutes for engine to warm up—closing air 
intake. 

If missing still occurs, with popping back 
or “sneezing,” this indicates that the mixture 
1s too lean; give the needle valve of the car- 
buretor a slight opening until the engine runs 
smooth. If no needle valve is provided, give 
less air in the auxiliary air valve. 

(9) Ignition: If missing continues after engine 
18 warmed up, and more gasoline is fed as 
directed in (8), examine the spark plugs and 
test as Suggested in (7). Weak battery may 
be the cause, if coil and battery ignition. 


ENGINE STARTS, BUT “POPS” AND 
“SNEEZES” IN CARBURETOR. 
(10) Carburetion: See Index under “Carburetion 
troubles.” 
ENGINE STARTS, BUT WILL NOT PULL. 


(lab) Carburetion: See (8); or there may be an 
over-rich mixture. This would be indicated 
by black smoke. 


(12) The valves: May be leaking, and there 
might be poor compression. 
(13) Ignition: The spark may be weak. This, 


Oowever, would be indicated b issing. 
Test battery. phish hes 
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ENGINE RUNS REGULARLY FOR A FEW 
MINUTES AND THEN STOPS, 


(14) 


(15) 


Carburetion: In cold weather this is more 
liable to occur until engine is warm; give 
slightly more gasoline by closing air valve 
Gf one is provided); gasoline may not be flow- 
ing freely to carburetor. Prime carburetor 
and see if it drips. There may not be 
enough gasoline; closing air valve will deter- 
mine. May be too much gasoline (see 3). 


Ignition: Battery may be weak, Ignition 
may be retarded too much. If there are 
two systems of ignition, try the other one. 


ENGINE STOPS SUDDENLY. 


(16) 


(17) 


(18) 


Carburetion: Lack of gasoline. Stoppage 
of gasoline pipe (prime carburetor, and if no 
gasoline, examine tank, then fuel strainer). 
See (73). 


Ignition: Loose wire. Short circuit, loose 
switch connection. If magneto ignition, 
switch to coil and battery. Weak battery. 
Points of interrupter may be closed by pit- 
ting. 


A sudden stoppage is almost always due to 
ignition trouble, for gasoline trouble will stop 
engine slowly. 


ENGINE STOPS SLOWLY WITH MISFIRING. 


(19) 


(20) 


(21) 


Carburetion: See (16). The needle valve 
sometimes jars itself closed. 


When an engine stops slowly, the explosions 
becoming weaker and weaker until they 
cease, it is likely due to gasoline trouble. 
The fault will be found in the failure of the 
mixture to reach the cylinder. (See 73.) 


Ignition: Batteries exhausted; plugs fouled 
through over lubrication. 


ENGINE LOPES OR LOADS UP. 


(22) 


(23) 


LACK 
(24) 


‘purposes. 


Carburetion: When the engine slows down 
irregularly, speeding up and then slowing 
down again as though fitted with a governor, 
and if throttle be closed further in order to 
slow down more, engine stops. Air has 
leaked in between carburetor and cylinders. 
Examine gaskets around the joints of inlet 
pipe or where carburetor is attached to in- 
take manifold. Too much gasoline will also 
cause “loping.”’ Cut down on the carbure- 
tor gasoline feed. 


Ignition: The spark may be set too far 
advanced. If this is the case, loping is reel 
to occur when spark is fully advanced. 
Therefore test the time of ignition. 


OF FLEXIBILITY. 


Carburetion: This trouble is almost exclu- 
sively a carburetor fault, and is due to the 
fact that the auxiliary air intake is so con- 
structed that it furnishes an abundance of air 
on high speed, and is not sensitive enough on 
low. When the throttle is nearly closed the 
engine stalls; or when the throttle is suddenly 
opened there is no “get away,” because the 
auxiliary air inlet valve allows an inrush of 
air forming a mixture good enough for high 
speed running, but too weak for “pick up” 
This calls for careful adjustment 
of the auxiliary air valve and gasoline needle 
valve, or for more gasoline. 


ENGINE MISSES EXPLOSION, 


(25) 


(26) 


(27) 
(28) 


(29) 


(30) 


Defective or dirty spark plug: With the 
engine running idle, short-circuit the spark 
plugs one at a time by touching a screw- 
driver from the metal of the cylinders to the 
terminals of the plugs. (See page 238.) 
This prevents the plug from firing, and when 
one is short-circuited—that makes no differ- 
ence in the running of the engine—you have 
probably located the plug at fault: If the 
spark-plug wire is properly connected to the 
distributor, either clean or install a new plug 
in place of the one that has been found defec- 
tive. If a vibrator coil, see page 222 (also 
see 17). 


Spark-plug gap too wide: The distance 
between the spark-plug points should not 
exceed .025’". (See 7.) 


Examine interrupter points. Weak battery. 


Too lean a gasoline mixture: If the engine 
misses with a popping noise in the carburetor, 
the indications are that too much cold air is 
being admitted through the air-regulating 
valve; the carburetor jets have become 
clogged with dirt, or there is a partial stop- 
page somewhere in the gasoline pipe connec- 
tions. See that carburetor intake header 
gaskets are perfectly tight, and do not admit 
air, which would thin the mixture. 


Look for gasoline trouble: Dirt in gasoline 
tank over outlet; dirt or water in carburetor; 
float leaking; jet in carburetor clogged up; 
supply cock loose; inlet valve sticking or 
leak in inlet pipe; weak exhaust valve spring; 
may be a leak of air in inlet pipe. 


If the engine misses, and the following explo- 
sion is accompanied by an explosion in the 
muffler, ignition is at fault, for the charge has 
reached the cylinder correctly, but has been 
exhausted without being exploded. 


ENGINE MISSES ON HIGH SPEED. 


(31) 


(32) 


Ignition: Weak battery (if coil and battery 
ignition). If the engine misses at high, but 
not on low, or on a hard pull, then it is evi- 
dent the spark plugs are in proper order but 
the contact-breaker needs adjusting. 


A word of explanation on this: the engine 
may fire all right at lesser speeds, because the 
speed is slow enough and the contact is long 
enough to allow the coil to build up, but at 
high speeds the time of contact is so short 
that the coil does not have sufficient time to 
build up, thus indicating that the contact- 
breaker gap is too wide. See pages 296-303. 


Try switching to the other ignition sys- 
tem, if a dual system is provided. This will 
determine which ignition system is at fault. 


The coil may be defective internally, in its 
winding, or the resistance unit or condenser 
may be defective. See Index for ‘“Testing a 
coil.” 


Carburetion: The carburetor may have been 
adjusted for slow speed, but requires more 
gasoline on high speed, or it may be getting 
too much gasoline. Proper adjustment of 
carburetor ought to suffice. 


ENGINE MISSES ON LOW SPEED. 


(33) 


Ignition: If magneto ignition, the cause may 
be the slow speed of magneto, and weak cur- 
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rent generated. Try advancing the spark 
more. Also examine the interrupter points. 


Examine spark-plug points (see 7). If not 
remedied, try switching to the other system 
ofignition. If missing still occurs, there are 
two other points to consider: loose connec- 
tion, or a broken-down coil, if one coil is 
used for both systems, such as a low-tension 
magneto. 


(84) A spark plug may be fouled: It has been 
known that often a bad plug will not cause 
missing at all speeds, but will miss at high 
speeds. 


(85) Carburetion: Mixture at fault—readjust 
slow-speed adjustment. The float may be 
too low, giving over-rich mixture. 


(36) There may be a leak in the intake pipe: This 
is a very common cause for missing at low 
speeds, and is best detected by allowing the 
engine to run at the missing speed. Take a 
squirt can full of gasoline and squirt around 
all the intake pipe joints. If you detect any 
difference whatsoever in the running, there is 
a leak. The remedy is obvious. 


ENGINE MISSES AT ALL SPEEDS. 


(37) Ignition: Defective spark plug (see 7 and 25). 
Loose connection. Weak battery. Loose 
switch parts. Broken wire. Slight short 
circuit. Detective coil, ignition resistance 
unit or condenser, pitted or incorrectly 
adjusted breaker points. 

(38) Carburetion: See Index under ‘‘Carburetion 


mixture.” 


ENGINE DOES NOT DELIVER FULL 
POWER.! 


(39) Compression: Leaky exhaust valves, scored 
cylinder, worn or loose rings, cause loss of 
compression. Timing of valve may be wrong. 
Exhaust and inlet may not open at correct 
time. See Index, under ‘Checking valve 
timing,’ “Valve grinding,” ‘Valve clear- 
ance.” Weak inlet or exhaust springs. 
Examine cams for wear. 


The spark plugs will indicate condition of 
engine, as follows: If the end of the spark 
plug is oily it indicates too much lubricating 
oil or leaky piston rings. If black soft soot, 
like that which accumulates in a lamp chim- 
ney, this indicates that too much gasoline is 
being fed to the cylinder through intake, 
causing too rich a mixture. This may come 
from improper carburetor adjustment or an 

‘ air leak in intake manifold. If the ends of 
the plugs are oily and sooty, this would indi- 
cate that the valves leak, as this permits 
burned gases being drawn into the mixture, 
which would result in poor combustion and 
lack of pressure in cylinder, which would per- 
mit oil to pass and foul plug. 


(40) Carburetion: Too rich a mixture (see Index 
under “Carburetion mixture.”’ 


(41) Overheating of engine: Lack of oil. Circu- 
lation system defective (see Index under 
“Engine overheats; cause of.” 


(42) Ignition: Timing of ignition may be wrong— 
set too far retarded or too far advanced. 
Weak ignition. Defect in distributor. 


1 See Index under ‘‘Engine Why It Loses Power.” 


(43) Miscellaneous causes: Dragging brakes, 
leaky piston rings, lack of lubrication. 
Tight bearings. Flat tires. If new piston 
rings fitted, they may be not fully set. Use 
plenty of oil. 


ENGINE OVERHEATS.1 


(44) Valves: The exhaust valve may not open 
early enough to permit the burned gas to 
pass out. 


(45) Carburetion: Too rich a mixture (see Index 
under ‘‘Carburetion mixture’’), or driving 
with throttle open too far and spark retarded 
too much. 


(46) Ignition: Running on retarded spark invari- 
ably causes heating. Test the ignition tim- 
ing. 


The spark lever should be raised up or 
advanced as far as possible at all times with- 
out causing the engine to knock. See Index 
“Spark control and over-heating.”’ 


(47) Lack of lubrication: Examine the oiling 
system. 


(48) Cooling: Constricted water circulation; ex- 
amine the water circulation and pump. 
Under-sized radiator. 


(49) Carbon deposit: See Index under “Relation 
of carbon deposit to lubricating oil.” 
Choked exhaust. 


(50) Slipping fan belt: Tighten the belt. 


(51) Brakes dragging: Examine the brakes with 
rear wheels jacked up. 


(52) Bearings: If engine is new or just over- 
hauled, the bearings may be too tight. Put 
in plenty of oil and run the engine until 
loosened up. 


(53) Driving too long on low gear: This is bad 
practice and should be avoided. 


Note. Refer to page 148 and note the 
“motometer.”” This is an excellent device 
to assist in diagnosing overheating troubles. 
Overheating is always manifest when engine 
begins to run slow and pounds. 


ENGINE KNOCKS. 


(54) Ignition: The most common knock is the 
ignition knock, caused by too much advance 
of spark. Back lash in timing wheel teeth. 
See Index for “Knocks.” 


(55) Bearings: The connecting rod or main bear- 
ings. may be loose. Lubrication may be 
poor. (See Index for ‘‘Testing,”’ also ‘‘Tight- 
ening bearings.’’) 


(56) Carbon deposit: This is also a frequent 
cause of knocking; see Index for “Carbon 
troubles.” 


(57) Loose or worn pistons: Will cause a “piston- 
slap.” See Index. Loose piston pin also 
causes knocks. 


(58) Carburetion: Too rich a mixture will cause a 
gas knock. 


(59) Engine overload on hill: Shift to lower speed. 


1 When the engine overheats by steaming, owing to frozen 


water, feel the radiator at bottom. If cold, it is f ai 
warm, then the circulation is right, and the gable as ae ia 
lack of water or something else. See also pages 154, 150, 153. 


DIGEST OF TROUBLES 


ENGINE WILL NOT STOP WHEN 
SWITCHED OFF. 


(60) Ignition: If firing is regular, the switch is 
defective. If firing is irregular, pre-ignition 
is the cause. Caused by pooroil. This car- 
bon hardens and becomes red hot, hence 
“pre-ignition.” (See Index under ‘‘Pre- 
ignition.’’) 
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Stop engine by closing throttle, and as 
soon as the engine cools, locate the cause. 


(61) Miscellaneous other causes: Overheating, 
as explained from (44) to (53), may be the 
cause. 


DIGEST OF ENGINE AND CHASSIS TROUBLES: CAUSE AND REMEDY 


ENGINE RUNS WELL, BUT CAR DRAGS. 


(62) Clutch is probably slipping: The spring 
needs tightening. If leather-faced cone 
type, too much oil on the leather. Clean 
with gasoline squirted on with an oil gun. 
If this does not hold, use Fuller’s earth (last 
resort). If multiple disk type, clutch spring 
at fault or plates worn. 


A slipping clutch is detected by the engine 
speed not conforming with speed of car when 
throttle is opened. This ratio between car 
and engine is soon learned by experience. 


Brakes may be dragging. 


CLUTCH DRAGS. 


(63) If cone type: The clutch may not clear the 
fly wheel when thrown out. If multiple 
disk type, the oil may be too heavy and 
sticks to plates. 


CLUTCH GRABS, OR IS FIERCE. 


(64) If cone type: Leather too dry. Clean with 
gasoline (see 62); then put on castor oil or 
neats-foot oil to soften. 


If multiple disk, use lighter oil after clean- 
ing. Spring may be too tight (see repair 
subject, ‘Care of clutch,” and Index under 
“Borg & Beck clutch’’). 


CLUTCH SLIPS (Ford) 
(65) See Ford instruction and Index. 


CLUTCH BRAKE WORN, CAUSES 
TROUBLE. IN SHIFTING GEARS 


(66) See Index: ‘Borg & Beck,| single-plate 
clutch’. 


OIL ON CLUTCH LEATHER (cone type). See 
Index ‘Clutch repairing.” 


(67) Cause: Too much oil in crank case—oil 
works out of engine bearing. 


ENGINE BACK FIRES IN MUFFLER. 


(68) Ignition: Usually occurs when coasting 
with spark off and retarded, and suddenly 
throwing on switch, thereby firing charges 
which have entered muffler unfired. 


(69) Carburetion: Mixture too weak to fire, or 
mixture right but sparking wrong. One 
cylinder missing fire and pumping explosive 
charges into muffler which ignites from heat 
of the next exhaust charge. Missing of 
ignition, valves leaking. Gasoline supply 
failing. 

Remedy: (1) Examine as in sections (25) 
to (30); particularly see if the plug points are 
too far apart. (2) See that all cylinders are 
firing regularly. (3) Adjust carburetor. 
(4) See if plenty of gasoline is in tank. 


CRANK CASE BECOMES VERY 
HOT AND ENGINE WEAK. 


(70) Cause: Serious leak of exploded gas past 
piston rings; rings worn or broken; crack 
in head of piston; piston pin loose in piston 
and allowing gas to escape along bearing. 
See Index under ‘“Testing piston ring leaks.” 


OVERHEATING OF EXHAUST PIPE 
AND MUFFLER. 


(71) Cause: Carburetor trouble; over-rich mix- 
ture; valves out of time; very late spark; 
running too long on low gear; using too 
much gas; exhaust throttled; insufficient 
lift on valve or choked muffler. 


This condition is the result of the mixture 
not being completely burned in the combus- 
tion space, but continuing to burn in the 
exhaust pipe and muffler. 


A mixture that is too rich or too poor, 
usually the former, will burn slowly and will 
still be burning during the exhaust stroke. 


If the exhaust valve opens too soon, the 
charge will escape before it has done its 
work. 


Very late ignition will not give enough time 
to permit the charge to be burned before 
the exhaust valve opens. 


ENGINE MAKES AN UNUSUAL 
HISSING NOISE. 


(72) Cause: Spark-plug porcelain broken; joint 
between engine and exhaust pipe loose; 
exhaust pipe cracked; compression cock 
worked loose; spark plug not tightly screwed 
into cylinder; valve caps may be loose; 
cylinder head may be loose. Probabilities 
ae that the exhaust pipe or a spark plug is 
oose. 


GASOLINE FAILS TO REACH THE 
CARBURETOR. 


(73) Cause: Gauze strainer in base of carburetor 

- choked; obstruction in the supply pipe; air 

lock at a bend in supply pipe; pressure leak- 

age from tank, or, if a gravity tank, it may 

be air-bound; floating obstruction in gasoline 

tank covering the gasoline outlet; gasoline 

pipe near exhaust pipe causing a vapor lock; 

vent hole in filler cap clogged. See Index: 
“Vacuum-tank troubles.” 


CONTINUAL EMISSION OF SMOKE 
FROM MUFFLER. 


(74) Cause: Engine being over-lubricated. Re- 
adjust lubrication to give a slower rate of oil 
flow. The emission of black smoke indicates 
that the carburetion is too rich. Piston 
rings leak. Cylinders may be “scored.” 
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CRACK IN CYLINDER. 


(75) Effect: Water in combustion chamber or in 
crank chamber; air bubbling through radi- 
ator on pulling engine over compression. 
(See Index.) 


CARBURETOR DRIPS. 


(76) Cause: Float-valve mechanism out of order. 
Examine float and reseat the float needle 
valve. Usual cause is dirt under needle 
valve, or float set too high. (See also Index.) 


ABNORMAL NOISE FROM 
TRANSMISSION GEAR. 


(77) Cause: (Other than unskillful changing of 
the gears)—want of lubrication of gears in 
change-gear box or bevel drive on back axle; 
pinions damaged; teeth broken or worn 
down; nut loose in gear box and fouling 
gears; clutch drum or flywheel loose; uni- 
versal joints on transmission shaft badly 
worn or damaged; bearings in gear box 
worn, allowing shafts to rock about; sliding 
member of clutch out of alignment with cone 
(sets up harsh grating noise); wear of jaws of 
positive clutch in gear box. 


SQUEAKS AND SIMILAR NOISES. 


(78) Cause: Fork actuating clutch wants lubrica- 
tion; ohe or more bearings overheating and 
want of lubrication; one or more of the 
brakes partly on; bearings of spring shackles 
want lubricating (on some cars the spring 
ends work in a slide, which requires occa- 
sional lubricating); valve stems running dry 
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in the guides. Fenders and hoods are usu- 
ally the cause of most noises. Spring leaves 
require lubrication between them. 


LUBRICATOR STOPS WORKING. 


(79) Cause: Oil pipe choked; feed nipples choked; 
pump shaft may be broken, usually due to 
clogged pipes—may need priming; loose con- 
nections, 


OIL-FEED GAUGE DOES NOT 
SHOW FLOW OF OIL. 


(80) See if oil in crank case. Clean strainer. 
Air leak. Examine pump and pipe connec- 
tions. Oil may be too cold to flow (see page 
164). Oil pump may need priming. When 
testing an_oil-feed pipe for an air leak, 
remove and test with air pressure, submerg- 
ing pipe in water to make the test. 


OIL LEAKAGE FROM ENGINE. 


(81) Cause: Bearings badly worn and passing 
out bearing journal; gaskets not tight; 
screws loose; crank case flooded with oil 
(lubricator working too rapidly); cap screws 
holding lower crank case not tight; gaskets 
leaking. 


For “Ignition troubles,” “Magneto trou- 
bles,” ‘Carburetor troubles,”’ “Starting- 
motor troubles,” “Cooling troubles,” ““Gener- 
ator troubles,” “Carbon troubles,” “Storage- 
battery troubles,’” ‘Miscellaneous repairs 
and adjustments,” ‘Tire troubles,” “Light- 
ing troubles,” see Index. 
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TESTING DEVICES FOR ELECTRICAL TESTS: Ammeter and 
Voltmeter Construction and Tests 


ELECTRICAL TESTING DEVICES 


Most tests of any part of an electric system are for 
“open circuits,” “grounds,” or “short circuits’’— 
that is, electrical troubles. There are, of course, 
many mechanical troubles which are not tested with 
instruments. 


Devices used for testing circuits can be classified 
under two headings: 


1. Visible circuit-testing devices. 
2. Audible circuit-testing devices. 


110 Vok Fig. 1 


Test Light 
110-Volt ‘ 


Visible circuit-testing devices include such devices 
as are mentioned below: 

(a) Test-light and test-points in series with a 110 or 
220-volt lighting circuit (Fig. 1), termed a 
“high-voltage test-light.” 

(b) Test-light and test-points in series with a set of 
dry cells or a storage battery (Fig. 2), termed a 
‘dow-voltage test-light.” 

(c) A voltmeter (Fig. 3). 

(d) An ammeter (Fig 4). 

Frequently the voltmeter and ammeter are 
combined in one instrument. 
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Audible circuit-testing devices include such 
devices as a growler (Fig. 5) for testing armatures; 
a buzzer and test-points (Fig. 6); a phone receiver 
and test-points (Fig. 7); a magneto and test-points 
(Fig. 7A). 


Test-Lights 


The test-light and test-points can be used for 
testing for open circuits, grounds, and short circuits 
in the lighting, the horn, ignition, the generator, and, 
in fact, in all circuits, including the field-windings 
and armature. ‘Tests will be explained farther on. 


Next to the combination volt-ammeter, the most 
important testing arrangement for the electric 
mechanic is a set of “‘test-points,’’ to use in connec- 
tion with the electric light circuit. This is very 
easily made by tapping one wire of an ordinary 
extension lamp, and splicing the wires on to suitable 
points with insulated handles, in order that these 
may be handled with no danger of electrical shock, 
as explained below. 


40 OR 220 VOLT SERVICE LINE 


16 OR 32 CP. 


to AMP. FUSES: CARBON LAMPS 


INSULATING 
SLEEVING 
TESTING 

POINTS 


Fig. 8. High-voltage test-lamp with fuses in the circuit. 
High-voltage test-lamp: The circuit shown in 

Vig. 8 is for a 110 or 220-volt circuit. Carbon fila- 

ment lamps are used as they stand more vibration. 


With a set of test-points as described, the lamp 
will burn when the test-points are together, or when 
there is an electrical connection between the points. 


This will give more satisfactory results for testing 
for grounds, leaks, or open connections than will a 
bell or buzzer used with dry batteries, as the voltage 
is higher and it requires a small amount of current 
to operate the lamp. 


With a bell or buzzer, a ground may exist, but the 
resistance is so high that enough current will not 
be forced through it by the dry batteries, to operate 
the bell or buzzer. 


SS lS a ee 
NOVOLT 


ACOR DC 


WO VOLT 
<= LAMP 


Fig. 8A. High-voltage test-lamp without fuses, 
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No harm can be done to any part of the apparatus 
by test-points as described above, when the ordinary 
carbon or tungsten lamp is used for testing purposes. 


Test Points 


Tubing 


Fig. 9 


Fig. 9A 


Fig. 9. Low-voltage testing lamp. 
Fig. 9A. Construction of the test-points. 


A low-voltage test-lamp is shown in Fig. 9. In 
many instances it is advisable to use a small 2 c.p. 
lamp and a storage battery. Note that the lamp is 
in series with the circuit. The voltage of the lamp 
is the voltage of the battery used. Usually, a 2 c.p. 
lamp is used. 


Test-points: An example of how the test-points 
can be made is shown in Fig. 9A. The end of the 


AMMETER AND VOLTMETER 


The ammeter and voltmeter can be used in many 
instances where a test-light can be used, and vice- 
versa. In fact, the voltmeter and ammeter are 
more often used for all general electric tests than any 
other type of testing device. Therefore, before 
taking up the subject of tests of the various parts 
and circuits, an explanation of these will be given. 


A voltmeter is always placed across, or parallel 
with, a circuit to be tested, as in Fig. 12A. 


An ammeter is always placed in series with a cir- 
cuit to be tested, as in Fig. 13. 


The positive or (+) terminal of each instrument is 
placed on the (++) side of the line, otherwise the 
instrument would read backwards. 


Combination Voltmeter and Ammeter for 
Electrical Testing Purposes 


Instead of having a separate voltmeter and 
ammeter, it is possible to combine both in one instru- 
ment using the same scale and moving coil. The 
Weston model 280 garage testing voltammeter will 
be used as an example (Fig. IPD). 


Fig. 12. Showing the three scales on the volt ammeter. 
The contact button (PB) is pressed when making readings, If 
it is desired to obtain a continuous deflection, the key (PB) 
should be given a turn, which locks it. When starting to use the 
rumen see that the needle is at zero; if not, adjust with 
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wire is scraped clean and inserted into a hole drilled 
into a brass rod about 6” long, and soldered securely. 
The rod must have a very sharp point, so that it 
will make good contact. A fiber tube is then tightly 
fitted over the pointed brass rod and wire, as shown 
in Fig. 9A. 


CLAMPS 
=, 


>: 


Fig. 10. Test-lamp for timing the ignition. 


A test-lamp for testing the opening and closing of 
the contact-breaker points of the primary ignition 
circuit when timing the ignition is shown in Fig. 10. 
See page 371 for directions for use of this. 


Buzzer, Phone Receiver, and Magneto Tester 


The buzzer or bell (Fig. 6) and the phone receiver 
(Fig. 7) can be used with the test-points for testing 
out different sections of the armature coils. 


The magneto tester (Fig. 7A) generates a high 
voltage and is adapted for tests which will force a 
current through a high degree of insulation, such as 
poor connections or a leaky path and coil windings. 
This device is nothing more than a telephone mag- 
neto generator with a bell, test-cords, and test- 
points. It is cranked by hand (seldom used). 


FOR DIRECT CURRENT TESTS 


As a Voltmeter 


When using the instrument for voltage tests: See 
Fig. 12, and note that terminals are marked ISH G0), 
rine 


The positive or (+) terminal of the instrument is 
always connected with the positive (+) wire of the 
circuit being tested. When making connections 
where the polarity is not known, the needle will 
deflect to the left if wrongly connected—reverse 
connections. 


© 
PB 


Fig. 12A. When used as a voltmeter, the connections are 
always made across the line. The circuit of this is from (-+) 
of the battery, to lights, to (—) of the battery. Note that (+) 
of the meter is connected to the (+) side of the line. Thus if 
the circuit is 3 to 30 volts, connect the other side of the line 
with meter terminal 30. If the voltage is from 0 to 3 volts, 
connect with terminal 3. 


indication 


If the voltage to be tested is known to be between 
3 and 30 volts, then connect the other, or negative 
(—). wire to terminal marked 30, and use the scale 
0 to 30, the divisions of the scale being 0.5 volt for 
each line (the scale has 60 divisions). 


If the voltage is known to be between 1 and 3 
volts, connect the negative wire with terminal 
marked 3, and use scale 0 to 3, the divisions of the 
scale being 0.05 volt for each line. 


If the voltage is known to be less than 1 volt, con- 
nect the negative wire with terminal marked .1, and 
use scale 0 to 3. 


TESTING DEVICES FOR ELECTRICAL TESTS 


When making voltage or ampere tests, the button 
(PB) is pressed for indication. 


The zero adjustment (Z), is merely used to line up 
the needle with zero or O, when starting to use the 
instrument. 


A voltmeter is always connected across the line, as 
shown at (V1) and (V2), page 470, and in Fig. 12A. 
It is used to indicate the voltage pressure of an elec- 
tric circuit. 


As an Ammeter 


When using the instrument for measuring am- 
peres, it is connected in series (that is, the shunt is 
in series) with the circuit, and is intended to indicate 
the quantity or rate of flow of current. 


It is important to note that a “shunt” (Fig. 14) 
must be connected as shown in Fig. 18. The reason 
for this is explained farther on. A shunt is not used 
with the voltage tests. 


To Lights, 
Starter, Ew. 


Fig. 13. When used as an ammeter, a shunt is placed in 
series with the line and the meter is connected to the shunt. 
The circuit is from (+) of the battery, to shunt, to light, to 
(—) of the battery. Note that the ammeter is connected to 
each side of the shunt. 


An ammeter is a millivolt meter, adjusted to a 
known drop in the shunts used with it. 


Shunts 

Construction: A shunt consists of a special alloy, 
called manganin (Fig. 14), which, in this instance, 1s 
placed between two copper bars mounted on a wood 
or hard rubber base. ‘The shunt is placed in series 
with the circuit being tested. 

The meter is connected at each end of the manga- 
nin at (M) and (M1) (Fig. 14). Thus the manganin 
is shunted across the meter terminals, and this is 
why it is termed a “shunt.” A shunt is used with 
the meter for ampere tests and not for voltmeter 
tests, 

COPPER BARS 


MANGANIN 


BASE MADE OF ANON-CONDUCTING MATERIAL 
Fig. 14. A shunt used in connection with the Weston 
ammeter. 


The manganin alloy was discovered by Dr. Wes- 
ton. It eee the faculty of holding a constant 
resistance, whether it is hot or cold, and directly 
proportional to the current flowing through it. 

It is a well-known fact that other metals which are 
used for resistance purposes, when cold, offer less 
resistance than when hot. In other words, other 


465 


resistance metals when heated offer greater resist- 
ance to the flow of current (some metals more or less 
than others). 


_ The shunts which are used with this model 280 
instrument are designed to give a 100-millivolt drop 
between the terminals (M) and (M1), (Fig. 14A). 


Explanation of Millivolt Drop 


A millivolt is a one-thousandth part of a volt 
One hundred millivolts would then be one hundred 
times more, or one-tenth of a volt, expressed deci- 
mally as .1. The terminal of the meter (Fig. 12), 
at the left, which is marked .1, is then, the one-tenth 
of a volt, or 100-millivolt terminal of the meter. 


The moving coil of model 280 voltmeter and 
ammeter is designed for a passage of 100 millivolts 
(or .1 of a volt) through the coil. If this amount of 
voltage passes through the moving coil (K) (Fig. 15), 
it will cause the coil to move its maximum distance 
of travel across the scale. As the needle moves 
with the coil, it would give a full-scale deflection of 
the needle, that is, the needle would move from 0 
at the left of the scale, to the extreme right. Thus 
it will be noted that one-tenth of a volt (.1), or 100 
millivolts, which is the same, is the voltage required 
to cause the needle to give its maximum or full-scale 
reading. This voltage is used for the instrument 
when it is used as an ammeter or as a voltmeter. 


If less than one-tenth of a volt (.1) (or 100 milli- 
volts) is passed through the coil of the meter, then 
the needle will not move as far on the scale. The 
scale is graduated to show in volts or amperes, 
although the actual voltage which is permitted to 
pass through the coil of the meter is only 100 milli- 
volts, or one-tenth (.1) of a volt, or less. 


This drop in voltage depends on the size or quan- 
tity of the manganin used in the shunt, when the 
instrument is used as an ammeter. 


When the instrument is used as a voltmeter, the 
shunt is not used, but resistance is used as shown in 
the figure of the meter in Fig. 15. 


For example: Let us assume that the instrument 
is to be used as an ammeter to test the rate of flow 
of amperes passing from the (-+) brush of the genera- 
tor to the (+) terminal of the battery, as shown in 
Fig. 14A. We will also assume that 30 amperes will 


7% 
TO BAT, voLTs 


a 
MILLIVOLTS 
OR.-LVOLT 


PRESS FOR 
© INDICATION 


Fig. 14A. Illustrating how the voltage is dropped one-tenth 
of a volt (100 millivolts), when 30 amperes are passed through 
the shunt. Only one-tenth (.1) of a volt, or 100 millivolts, or 
less, passes through the meter—never any more, 
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pass from generator to battery when the former is 
generating its maximum current output,! and about 
10 amperes when it is generating its minimum output. 


A 30-ampere shunt is then placed in series with 
the main charging circuit, as shown in Fig. 14A. 
We use the 30-ampere size because we know the 
maximum current is not over 30 amperes, or is less. 
If it was more, then a shunt with a greater capacity 
should be used. 


The main circuit is then as follows: The ( -+-) cur- 
rent starts at (--) of the generator brush, to a copper 
bar terminal (T), through the manganin, to the 
other copper bar terminal (T1), to the (+) terminal 
of the battery, through the batttery, to the (—) 
terminal of the battery, to the (—) brush of the 
generator. 


Thus we have, say, 30 amperes flowing in the main 
circuit and through the shunt. Therefore, 30 
amperes will flow through the manganin from the 
(++) brush of the generator, and will not be reduced, 
and thus-30 amperes reach the battery. 


The ammeter circuit: The meter terminals (when 
used as an ammeter) are always connected from one 
terminal (M) of the shunt, which is the (+) side, 
where the connection of the copper bar makes con- 
tact with the manganin, thence to the (+) terminal 
of the meter, through the moving coil in the meter 
(Fig. 15), to the 100-millivolt terminal, or .1 termi- 
nal, of the meter, to the terminal (M1) on the shunt 
(Fig. 14A) which is the (—) or other end of the man- 
ganin. 


We will now see what would cause the needle to 
deflect a full-scale deflection and show 30 amperes. 
The reading is made on the second scale, 0 to 30 
(Fig. 15), because we are using a 30-ampere shunt. 


In the preceding paragraphs, it was stated that if 
one-tenth (.1) of a volt, or 100 millivolts, passed 
through the meter coil, this would cause the coil to 
travel such a distance in the direction of rotation as 
to cause the needle to make a full-scale deflection. 
Therefore we must now pass .1 of a volt (or 100 
millivolts) through the coil, which is the purpose of 
the shunt. 


For instance: If the voltage was 8 volts from the 
generator, then 8 volts would start into the manga- 
nin at (M), but after passing through the manganin, 
the voltage would have dropped 100 millivolts, or 
one-tenth (.1) of a volt, or to 7 9/10 volts at (M1). 


Therefore, as the meter terminals are connected 
with the manganin at each end (M) and (M1), this 
difference of one-tenth (.1) of a volt, which repre- 
sents the millivolt drop, would pass through the 
coil of the meter, and the needle would have moved 
to the extreme right and would read 30 amperes on 
the seale (Fig. 15). 


Thus the shunts used with this meter are designed 
for a 100-millivolt drop, and it is this voltage drop 
which is used to operate the meter. It will be clear, 
therefore, that if the meter was connected in series 
with the circuit without the shunt, the full voltage 
(8 volts) would pass through it and damage it. 


We will now assume that the output of the genera- 
tor is but 10 amperes, instead of 30 amperes. 


If it required 30 amperes of current to pass 
through the shunt to cause a drop in voltage of 100 
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‘such cases use the 300-ampere shunt. 


millivolts, or one-tenth (.1) of a volt, then if only 
10 amperes passed through the shunt, the millivolt 
drop would be proportionately less. Therefore, as 
only one-third of the current is passing through the 
shunt, only one-third of the 100 millivolts would 
drop. Instead of the voltage dropping to 100 milli- 
volts at (M1), it would drop only one-third as much, 
and only one-third of 100 millivolts would pass 
through the coil of the meter. Thus the coil of the 
meter would move but one-third of the distance, and 
as the needle moves with the coil, it would move but 
one-third the distance on the scale, or to the reading 
of 10 amperes, as calibrated on the scale. 


The same rule applies to all the other shunts. If 
a 3-ampere shunt is used, only 3 amperes must pass 
through it, and consequently it contains a propor- 
tionally less amount of manganin. If full3 amperes 
pass through the shunt, the result will be a voltage 
drop of 100 millivolts, or one-tenth (.1) of a volt. 
The same applies to the 300-ampere shunt, or to any 
shunt designed for this instrument. 


The point to bear in mind is that one-tenth (.1) of 
a volt, which is 100 millivolts, is what is required to 
give a full deflection of the needle on the scale, and 
that a shunt must be used, which will give a drop of 
100 millivolts if the full amperage for which it is 
designed, is passing through it, or that it will give 
a proportionally less drop, if less amperage than that 
for which it is designed is passing through it. 


Thus the shunt, which is shunted between the two 
terminals (+) and .1 of the meter, when used as an 
ammeter, is for the purpose of giving this 100-milli- 
volt, or one-tenth (.1) of a volt drop, or less, in pro- 
portion to the current passing through it. 


Internal and external shunts: Where currents are 
small, as on a dash ammeter, the shunts are usually 
internal, or contained in the meter case. But for 
large currents or for testing instruments, external 
shunts are used, so as to keep the heat developed in 
the shunts outside of the meter as well as for con- 
venience, as the shunt can be located in the circuit 
wherever it is easiest, and can be connected with the 
meter by a small cable, thus Saving the running of 
heavy wires to the instrument. 


Capacity of Shunt to Use with the Model 280 
Instrument, and Range of Scale 


Shunts to use with this instrument:! There are 
three external shunts figured on a 100-millivolt drop 
between terminals. 


eA: 300-ampere shunt with which use the scale 0 to 
300. Each division or mark on the scale repre- 
sents 5 amperes (see Figs. 12 and 15). 


2. A 30-ampere shunt, with which use the scale 0 to 
30. Each division or mark represents 0.5 amperes, 


3. A3-ampere shunt, with which use the scale 0 to 3. 
Each division or mark represents 0.05 amperes, 


When testing where you do not know what the 
amperage is likely to be, as when testing for short 
circuits, it is advisable to assume that the highest 
possible amperage is to pass through the meter. In 
: 5 If the deflec- 
tion obtained is less than 30 amperes, then use the 
30-ampere shunt and Scale, to gain a more accurate 


1 Other sizes can be obtained. 


TESTING DEVICES FOR ELECTRICAL TESTS 


reading. Should the indication now be less than 
3 amperes, use the 3-ampere shunt. 


The 3-ampere shunt and range are convenient for 
measuring single lights and ignition. 


The 30-ampere shunt and range are convenient 
to measure current delivered by a generator to the 
battery as shown at (Al), page 470; for measuring 
current required by the lights, horn, etc., and also 
for testing short circuits and open circuits. 


The 300-ampere shunt and range are convenient 
for measuring the current required by the starting 
motor, as shown at (A2) page 470 and also for testing 
for short circuits. 


Shunts Not Used with Instrument as a 
Voltmeter 


When the instrument is used as a voltmeter, the 
same coil winding as shown in Fig. 15 is used, and 
it is necessary to have the same 100 millivolts or .1 
volt drop, just the same as when it is used as an 
ammeter, but the shunts are not used to obtain this 
drop. Resistances (C), (B), and (A) are used (Fig. 
15). This resistance is in series with the meter cir- 
cuit and its connections to the main circuit being 
tested. Note, however, that the voltmeter connec- 
tions are across the line of the main circuit. 


The (++) terminal of the meter is always connected 
to the (++) side of the circuit being tested, and the 
terminal .1, 3, or 30 is connected to the other side of 
the circuit. 


This instrument is designed for testing the voltage 
of a circuit, from 0 to .1 volt (100 millivolts); 0 to 3 
volts; and 0 to 30 volts. 

By means of a multiplier, used in conj unction with the 30-volt 
range, the range is extended to 150 volts. This multiplier can 


be obtained of the Weston Electrical Instrument Co., Newark, 
N.J. (or of A. L. Dyke, Electrical Dept., St. Louis, Mo.). 


Millivolt Reading 


When testing a circuit of 100 millivolts or less, the 
connections are made for the (+) side of the circuit, 
to the (+) terminal of the meter, through the mov- 
ing coil, to the .1 (100-millivolt) terminal on the 
extreme left. 


If 100 millivolts (1/10 volt) pass through the 
moving coil, then the needle will deflect from 0 to the 
extreme right. 


If 50 millivolts pass through the meter coil, then 
the needle will deflect half-way of the scale, and so 
on. 


The millivolt connections are used for testing the 
voltage drop in armature and field coils. 


The scale 0 to 30 is used, and it will be noticed 
that this scale has 60 divisions. The scale, however, 
is not calibrated for millivolt readings. Therefore a 
comparative test is usually made when using it. 


For example: If each armature coil is being tested 
for short or open circuits, the procedure would be to 
test an armature coil that is known to be in good 
condition, and then to note where the needle goes on 
the scale. Then test all of the other armature coils, 
which should compare with the good coil in the read- 
ing. There will, of course, probably be a slight vari- 
ation in the readings of the different coils, owing to 
the fact that they may not all be exactly the same 
length, but the variation should be very slight. 


If there is a noticeable difference, where the read- 
ing is greater than in the good coil, then the coil is 
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probably open-circuited. If the reading is notice- 
ee Ne then there is probably a short circuit in 
e coil. 


As previously stated, the scale is not calibrated for 
readings in millivolts, but if the needle moves from 
0 to the right of the scale, then we know that 100 
millivolts are passing through the meter coil. The 
scale has 60 divisions, therefore one division would 
a one-sixteenth of one hundred, or 1 2/3 milli- 
volt. 


Purpose of resistance in the circuit when testing 
armature or field-coils: It will be observed by refer- 
ring to the subject of: ‘“Testing armature orfield coils 
with a meter’’ (page 488), that resistance, termed a 
resistor, is used in series with the circuit. 


If the millivolt connections of the meter were 
made to an armature coil in good condition, the drop 
would be very slight and difficult to read, unless a 
meter with a millivolt scale was used. 


The object is to place enough resistance in the 
armature or field-coil circuit to cause a voltage drop 
sufficient to obtain a millivolt drop which will be 
easy to read. -A good armature coil is then tested, 
and the needle is deflected to a certain distance on 
the scale. This reading is then taken as a standard 
to go by; then the tests of all the other coils should 
compare with it, as previously explained. 


This resistance is variable, that is, more or less 
can be used, in order to obtain the deflection of the 
needle to a distance on the scale where it can most 
easily be read. 

This resistor can be purchased of Ward-Leonard Electric 
Co., Bronxville, N.Y., at a cost of $5.00. It is designated as 


“Weston Special 6-10.” (It can also be obtained of A. L. 
Dyke, Electrical Dept., St. Louis, Mo.) 


Sometimes a lamp is used in series with a 6-volt 
battery for the same purpose. 


Readings 0 to 3 Volts 


When testing a circuit of 3 volts or less, the con- 
nection is made at the (++) of the meter with the (+) 
side of the circuit, then from terminal 3, to the (—) 
side of the circuit. 


The lower scale 0 to 3 is used, and if 3 volts are 
passing through the circuit, then 100 millivolts, or 
‘1 of a volt will pass through the meter coil, because 
the resistance (C) and (B) will reduce the 3 volts to 
one-tenth (.1) of a volt. Therefore the needle 
would make a full-scale deflection from 0 to 3. 


If less than 3 volts is passing through the circuit 
being tested, then the voltage passing through the 
meter coil would be proportionately less. 


Readings 0 to 30 Volts 


When testing a circuit of 30 volts or less, the same 
connections are made as in the 3-volt test, except 
that the 30-volt terminal of the meter is used 
instead of the 3-volt terminal, and the scale 0 to 30 
is used. 


The resistance (C), (B), and (A) would be in the 
circuit, and it would therefore be reduced to .1 of a 
volt, which amount would pass through the meter 
coil; and this amount would be required to give a 
full-scale deflection of the needle from 0 to 30, 


If less current than 30 volts is passing in the cir- 
cuit, then a proportionately less voltage than .1 
of a volt will pass through the meter coil. 
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Internal Connections of Model 280 Combi- 
nation Volt-Ammeter 


Note on Fig. 15: When button (PB) is pressed 
down, the circuit is from the (+) terminal of the 
meter, through the moving coil (K), to the terminal 
being used. 


Binding Posts 


Fig, 15. Internal connections of the Weston model 280. 
The Baceeral or moving-coil principle. 


Resistance (C) is the adjusting resistor for the 
100-millivolt range; (C) and (B) are in series for the 
3-volt range, and (C), (B), and (A) in series for the 
30-volt range. 


The scale is divided into three sections, and, 
unlike the dash ammeter, the 0 (zero) is placed at 
the extreme left, instead of being in the center. 
Therefore the needle and coil move to the right. It 
is well to mention that the scale of this instrument 
is carefully drawn and calibrated by hand. In order 
to do this and check the instrument with a master 
meter, three weeks’ time is required. This instru- 
ment 1s guaranteed to be accurate within 1 per cent. 


When connecting the meter, care must be taken 
to see that the connections are correctly made; that 
is, the (++) terminal of instrument should be connec- 
ted with the (+) side of the circuit being tested, 
otherwise the needle will deflect to the left, indicating 
that the (+) terminal of the meter is connected 
with the (—) side of the circuit. 

Cadmium scale: A scale for making cadmium tests of a stor- 
age battery, as explained in the storage battery instruction, has 


been added to the Weston model 280 instrument. This is not 
shown in the illustration (Fig, 15). 


The scale in Fig. 15 has added to it four lines to the left of 


“0,” the first line being one-half of one-tenth of a volt, or .05 
of a volt, or 1/20 volt. The second line would be .1 (one-tenth) 
of a volt; the third line would be 15, or 3/20 volt, and the 
fourth line would be .2 or 1/5 volt. This scale is used for cad- 
mium readings when testing a storage battery, and ig explained 
in the storage battery instruction, 


Principles of the Ammeter 


Two principles are in general use: one is the 
“D’Arsonval type,” which is termed a “‘moving-coil 
type,” and which is the principle on which the Wes- 
ton model 280 instrument is constructed. 


The other type is the “polarized vane” type, which 
has a “stationary coil.” 


Moving-Coil Principle 


D’Arsonval type: Refer to Fig. 15. Note the 
permanent magnet (M) which has a, permanent 
N and S pole polarity. A fine, light spiral spring 
(not shown) serves to lead the current into and out 
of the moving coil (K), and also to keep the coil in 
its zero position and to provide a force against which 
the magnetic action of the current in the coil acts, 
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The electric current to be measured is passed 
through the moving coil (K) and magnetic lines-of- 
force are set up around the coil which becomes an 
electromagnet,! with the N pole at one end and the 
S pole at the other, depending upon the direction of 
flow. Therefore, as a N pole will atttract a S pole, 
or repel the N pole, this principle is utilized. The 
coil endeavors to place itself in line with the mag- 
netic circuit flowing from N to S from the permanent 
magnet. The coil is pivoted so that it can move, 
and the needle, being connected with the coil, 
moves with it. 


The D’Arsonval, or moving-coil principle, is the 
type of ammeter and voltmeter in general use, espe- 
cially for testing purposes, where close accuracy is 
required. This type of instrument is designed for 
only a fraction of a voltage to pass through it, and 
if a greater amount than a 50 per cent overload is 
passed, it will damage the instrument. 


Stationary-Coil Principle 


The polarized vane type of ammeter uses a fixed 
or “stationary coil.” This type is more rugged and 
will withstand severe strains and shocks without 
damage, but it is not as accurate in its readings. 
This principle is often used for dash ammeters and 
indicators, but not for testing purposes. 


STATIONARY 
COIL 


Fig. 16 


Fig. 17 


The principle of its operation is shown in Figs. 16 
and 17. A piece of soft iron, rigidly attached to a 
steel pivot placed equally distant from the poles of a 
permanent magnet, is attracted or repelled by the 
passing of an electric current in one direction 
through the coil of wire (C) fixed or stationary in 
the plane of the iron. The magnet, being of the 
permanent-magnet type, holds the piece of iron 
(called the armature) exactly in position, so that 
the pointer attached to the pivot is held at zero. 


As current is admitted to the coil, it becomes an 
electromagnet, the N pole being at one end and § 
pole at the other, dependent on the direction of flow. 


When the end nearer the armature is North, it 
repels the North end of the armature and attracts 
the South end, with the result that the needle moves 
across the scale. 


As a result of the manner of the construction of 
this instrument it is capable of withstanding the 
current from the battery to the starting motor 
without damage, as the coil (C) is of very heavy 
construction. 


Dash Ammeter 


_The dash ammeter of the moving-coil type (for 
direct current) is similar in principle to that shown 
in Fig. 15, except that it has internakshunts and its 
dial is calibrated to read in two directions. That is, 


the zero (0) is placed in the center of the dial, as 
shown in Fig. 18. 


1 Why the N pole attracts the S pole and repels the N pole i 
explained on page 179, See also, page 183, explaining ow ‘a 
coil becomes an electromagnet with a N and § pole polarity, 
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AMPERES © 


Fig. 18 Fig. 18A 


_If the moving-coil type of instrument is used on a 
circuit of more than 30 amperes, it will be damaged. 
The starting-motor current is never taken through a 
dash ammeter of this type. The generator charging 
current is carried through it and as the generator 
seldom delivers over 22 amperes, the 30-ampere 
range is sufficient. 


Meaning of Zero Center 


Note that the “0” is in the center, and when no 
current is flowing the needle will remain at 0 or zero. 
The needle can read up to 30 amperes on the 
“charge’’ side, to the right, or to 30 amperes on the 
“‘discharge’”’ side, to the left, and is termed a “‘30-0- 
30” scale. =o 


If the generator is running at sufficient speed to 
charge the battery, the cut-out points will close 
and connect the generator with the battery and 
charge the battery. Then the needle will move to 
the right or ‘‘charge” side of 0—if correctly con- 
nected. 


If the engine slows down, and the cut-out points 
open, then the battery is disconnected from the 
generator, and as ignition is being consumed from 
the battery the needle will move slightly to the left 
of O, or ‘discharge’ side of zero—as the battery 
would be discharging instead of taking a charge. If 
lights were on, then the needle would go farther on 
the discharge side, as more current will be discharg- 
ing from the battery. 


This shows that the needle moves in one direction 
when current is flowing from the positive connection 
(+) of the generator to (+) of the meter, to (+) of 
the battery. But the needle operates in an opposite 
direction, when current is flowing back from the bat- 
tery to the meter, as connection is with the negative 
side (—) of the meter in this instance. This is the 
reason for zero (0) being in the center on the dash 
ammeter. 
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Note. The instrument just described, as is the case also 
with the other instruments illustrated in these instructions, 
shows the ‘‘charge’”’ side on the right of ‘‘0” and the ‘‘discharge”’ 
side on the left of ‘‘0.” 


The standard now adopted by manufacturers of dash 
ammeters is to have the ‘‘charge”’ side on the left and the ‘‘dis- 
charge” side on the right of “0” (see Fig. 18A). There are 
many instruments which came into use before this recent stand- 
ard was adopted, which read as shown in the illustration (Fig. 
18). This makes no particular difference, however. 


An Indicator 


A battery indicator (Fig. 19) is used for the same 
purpose as a dash ammeter, that is, to show when 
the battery is being ‘‘charged” by the generator and 
when it is being “‘discharged.”’ Instead of showing 
the rate of charge or discharge, it merely indicates 
what is taking place, by the movement of a cylinder 


Fig. 19. Battery indicator showing its three indications. 


inside of the instrument bearing the wordings, “‘off,”’ 
“charge,” and “discharge,” which appear at an 
opening in the dial of the instrument. 


This instrument will operate on as low as 2 
amperes and, unlike the dash ammeter of the mov- 
ing-coil type, it is capable of withstanding any volt- 
age or amperage without damage. 


This type of instrument can be placed in series 
with even the starting-motor circuit without injury, 
and will show “discharge” when current is flowing 
to the starting motor from the battery. 


This type of instrument is used on the Franklin 
(see footnote bottom of page 424), and is placed in 
the motor circuit as shown in this diagram. The 
same type was also formerly used on the Dodge. 


This type of indicator is termed the “polarized 
vane” type, with a “stationary coil” (of a principle 
similar to that shown in Fig. 16). 


The Roller Smith Co., Woolworth Bldg., New York, manu- 
factures a dash-type ammeter of the polarized vane type which 
can be placed in the starting-motor circuit. _The same concern 
also manufactures instruments of the moving-coil type. An- 
other concern manufacturing the moving coil or rotary type, 
as well as stationary-coil type instruments, is the Hoyt Co., 
the instruments being sold by Burton-Rogers, Boston, Mass. 


HOW THE VOLTMETER AND AMMETER ARE USED FOR TESTING THE ELECTRIC SYSTEM 
OF A CAR; EXTERNAL TESTS 


As an example we shall use the Weston, model 280 
combination volt-ammeter. The tests shown in 
Fig. 20, can usually be made on the car without 
removing any of the parts. Internal tests of the 
different parts, or “bench tests,” will be treated 


farther on. 


The idea of this combination electric system is 
to show where and how a voltmeter and ampere- 
meter can be used on the average electric system 
for testing circuits on the car. It is understood 
that the battery is a 6-volt, 3-cell battery, and also 
that the only instrument which is a regular equip- 
ment of the electric system in this example is the 
“dash ammeter.” The other instruments (V1), 
(V2), (V3), (Al), (A2), are testing instruments, the 
use of which will be explained. 


Voltmeter Tests 


The voltmeter is always placed across the line, 
and shows the voltage or pressure of a circuit. The 
instrument used is the Weston, described on page 
464 (Fig. 12), which read carefully. 


Test V1: To test voltage of generator: Use the 
“0 to 30 connections” and ‘‘0 to 30 scale” of instru- 
ment. Place the test points (TP) on the connections 
leading from the two main brushes. The brush to 
the left leading to the shunt fields is the third brush 
and is a part of the shunt-field circuit, or the source 
of the shunt-field current supply. This test does 
not include the field circuit, but is for the voltage of 
the “charging circuit.” The maximum voltage of 
the generator from its ‘main brushes” will be indi- 
cated when the generator is operating at from 7 to 10 
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Fig. 20. The dash ammeter is so connected that it shows all current which would ‘‘discharge” from the battery, except starting- 


motor current. All current : q 
which will show ‘‘discharge”’ on the left of zero in this example. 
on the “charge” or right side of zero. 


The testing meters (V1), (V2), (A1), 


passing from the battery to the ignition or lighting 


The ignition circuit and lig 


circuit must first pass through the ammeter, 


Current passing from the generator to the battery will be indicated 
ht circuit will reduce the amount of charge going to the battery. 


(A2), and (A3), are not connected permanently in the circuits, but are intended to show 


how various tests can be made as explained in the text, and only one test is made at a time. 


m.p.h. car speed, and the cut-out points (P) should 
be closed. The voltage of the generator should be 
slightly more than that of the battery, otherwise 
the generator will not have pressure enough to over- 
come the battery voltage. The battery voltage 
can be tested as shown at (V2). 


If the generator voltage is found to be less than 
the battery voltage, then the cut-out points (P) will 
probably not close, because the purpose of the fine 
wire voltage winding (V) of the cut-out is to mag- 
netize the core (C), thus drawing (A) to it and caus- 
ing the points (P) to close. This winding is so 
wound that it does not exert sufficient magnetizing 
effect to draw the points (P) so that they are closed, 
until the generator voltage is slightly more than 
the battery voltage. 


If the generator voltage is lower than the battery 
voltage, then the first place to examine is the “third 
brush” to see if it is seating properly. If itis seating 
only enough to make slight contact, or if a new third 
brush has been fitted without properly seating it to 
the curvature of the armature, the field strength 
cannot build up sufficiently to assist the armature in 
building up its full voltage. 


The proper seating of the “main brushes” is also 
important. The commutator may have the mica 
protruding, or dirty, or the commutator may be 
rough, or the armature or field windings may be 
grounded, 


If there is no indication of voltage at all, at the 
generator, then loose connections or open circuits 
exist, either at the brush-holders, the brushes, or 
the field-windings. 


It is seldom that there will be no indication of 
current at all, if one armature coil is open, because, 
they are connected in parallel, and while one arma- 
ture coil may be open, some indication would come 
from the other coils. Tests for internal troubles of 
the generator will be shown farther on, 


If the generator voltage is above that of the 6-volt 
battery, and cut-out points (P) fail to close, then 
the cut-out spring tension may be too strong, or 
the cut-out voltage winding may be open-circuited 
or grounded, or there may be loose connections, 


If the cut-out armature (A) makes a feeble effort 
to close, but does not close tight, when the generator 


voltage is 6+, then it indicates that the spring ten- 
sion is too strong, or that there is a ground, or a par- 
tial short circuit in the windings. 


If the generator voltage is over 6 volts and the 
cut-out armature (A) makes no attempt to close at 
all, then the cut-out windings should be tested, pro- 
viding the spring tension is not too great. 


Sometimes the cut-out points (P) fail to open 
when the engine slows down or stops. This is 
caused by the points burning together, and thus 
the battery will discharge back through the genera- 
tor, but the “discharge” would show on the “dis- 
Uae side of the dash ammeter when all switches 
are ne oes 


Tests of the cut-out windings are explained far- 
ther on. 


Test V2: To test voltage of battery when dis- 
charging with lights on only, use the 0 to 30-volt 
connections and scale. The voltage, if charged for a 
3-cell battery, will be 6 to 6.3 volts, or 2 to 2.1 per 
cell. If discharged, it will be 5.4 volts, or 1.7 volts 
per cell. 


If tested when the starter is on, a charged battery 
will drop to 5.4, or 1.7 volts per cell, but will regain 
its normal voltage after a short while. If it drops 
to 5 volts or less, or 1.6 volts per cell, it is discharged; 
or, if fully charged, and it drops as low as this, then 
the plates are sulphated or an internal short circuit 
exists. See also the instruction on storage battery. 


On testing the voltage of the generator (V1), and 
the voltage of the battery (V2), when the generator 
is charging the battery, if any difference is found, or 
a drop in voltage occurs, it will be the difference 
between the two readings. 


Test V3: To test the voltage which reaches 
the starting motor from the battery, to see how much 
drop there is in voltage at the starting motor when 
operating, close the starter switch for an instant. 
There will be some drop. If the engine is cold and 
stiff, it will cause the motor to draw more current. 
The more current that is drawn, the greater the drop. 


If the starting motor should fail to start when 
the starting switch is depressed, then test to see if 
there is an open circuit in the armature of the motor, 
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or in the brushes or the brush-holders. This test 
will determine if the current is reaching the motor. 


If there is an open circuit in the armature, then 


the meter would indicate the voltage of the battery,’ 


because the top test-point would connect with the 
(+) of the battery, and the lower (TP) would con- 
nect with (—) of the battery. The armature being 
open, there would be a break at this point. 


_ If the field-circuit is open, there would be no 
indication at all, because the field is in series with 
the brushes of the armature. 


When a battery is supplying current to a motor 
and the amperage draw is heavy, there is a drop in 
voltage at the motor and also at the battery itself, 
which delivers the current. 


Ammeter Tests 


Ampere tests are to ascertain the quantity of cur- 
rent flowing. A ‘shunt’ must be used (see page 
465). Connect the shunt in the circuit as shown at 
tests (Al) and (A2), being sure that the positive (++) 
wire of the circuit is connected to the (+) connec- 
tion of the meter, and the negative (—) wire of 
the circuit to .1 binding post of the meter. 


Should the charging rate appear to be abnormally 
low with no apparent reason, it is a good plan to 
check the ammeter by connecting the test meter 
(A1) in series with it. 


Reliable meters may become defective, as auto- 
mobile service is extremely hard on a sensitive 
ammeter. 


Test Al: To test the accuracy of the dash am- 
meter, use the 30-ampere shunt and connect as 
shown. Speed the engine up and note if the reading 
is the same on the dash ammeter as on the testing 
instrument. 


A rough check on the accuracy of the ammeter 
may be obtained by noting the ampere readings of 
the various lights on the car, and then switching 
them ononeatatime. The reading of the ammeter 
should correspond to the total amperage required 
for the lights. 


With the engine running and the lamps on, the 
ammeter may register either ‘discharge’ or 
“charge,” depending on the speed of the engine, the 
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capacity of the generator with respect to the lamps, 
and the condition of the battery, that is, whether it 
is charged or not. 


Unsteady reading of the ammeter may be due toa 
defect in the instrument, or to loose contact, or to 
intermittent ground. 


__ Tapping the ammeter should jar the hand loose 
if it is only stuck. If it still refuses to register, 
examine the connections, and if these are all right, 
look at the cut-out points and see if they are closed. 
Finally, disconnect one of the main wires from the 
generator terminal to see whether any current is 
flowing from the generator, and follow the wires 
thence to the ammeter, examining them at each 
terminal to see whether current is flowing, by touch- 
ing the disconnected wire to its terminal. 


Test Al: To test cut-out: Use 0 to 30 shunt and 
scale. Ata car speed of 7 to 10 miles per hour, cut- 
out points (P) should close, and at 15 or 20 miles car 
speed, the generator should be charging the battery 
at 10 to 20 amperes, if lights are off (this varies on 
different systems). If it shows less than 9 or 10 
amperes, the “regulator” or “third brush” should be 
regulated to bring the current up to at least 10 am- 
peres, 15 amperes being the average. 


Throttle the engine slowly, and note that the 
needle will drop back towards zero. When it 
reaches zero, note whether cut-out points (P) open, 
and at what car speed. 


Test A2: To test the amperage required by the 
starting motor: Use the 300-ampere shunt and con- 
nect as shown. Test with engine idle. It is 
assumed that the battery shows 1,275 to 1,300 
hydrometer test, and is supposed to be charged. 


The average starting motor requires 150 to 200 
amperes, if the engine is warm and flexible, or 250 
to 300 amperes, or even more, if cold and stiff. If 
the engine is flexible and an excessive current dis- 
charge is shown, then there may be a short circuit 
in the motor or brush-holders, or possibly the 
starter mechanism is out of order. 

Note. The actual amount of current required by a starting 
motor varies according to the temperature, condition and size 
and compression of the engine. If it is extremely cold, the oil 


is congealed and all parts are stiff; thus a great deal more 
current is required than when the engine is warm and flexible. 


If an engine has been standing for a long time, or out of use, 
it is likely that the motor will require more current than if in 
daily use. 


HOW THE DASH AMMETER INDICATES TROUBLES 


In this instance we refer to the ammeter as usu- 
ally attached to the dash (cowl) of a car. 


The dash ammeter indicates when the generator 
“charges” the battery, and at what rate. It indi- 
cates the rate of “discharge” from the battery to 
the lamps. It also indicates whether or not the 
system is working properly. When the battery is 
neither “charging” nor ‘‘discharging,” the pointer 
should indicate ‘‘0.” 


Ammeter troubles may be divided into two 
classes: those that manifest themselves when the 
engine is idle and those that show only when it is 
running. Both classes have two subdivisions, with 
lamps on and with lamps off. 


Remember that the ammeter should show 
“charge” at speeds above 8 or 10 miles per hour; 
and that when the engine is at rest with lights 
turned off, the needle should stand at “zero,” and 
should not show “discharge.” 


It shows ‘discharge’ when lights are on and the 
engine is idle, or at a speed of less than 8 miles per 
hour. In other words, the battery is then dis- 
charging, and is not being charged. 


With these points always in mind, it is possible 
to diagnose many troubles by noting the action of 
the ammeter, for if it varies from its intended pur- 
pose, or its usual action, something is wrong. 


When the generator is not charging the battery, 
and if the battery is being used for lights, ignition, 
or horn, the needle will be on the “discharge” side of 
(0) and the amount of current being consumed will 
be shown in figures on the dial. 


When the car is running 10 or 12 miles or more 
per hour, the ammeter should indicate “charge.” 


If on connecting an ammeter to the circuit, the 
needle should go to the “discharge” side, when the 
engine is running at sufficient speed for the generator 
to charge the battery, then it indicates that the 
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terminals have been wrongly connected. Reverse 
the connections. 


If the battery is wrongly connected, when the 
generator is running the ammeter will read in the 
opposite direction, or the cut-out points will vibrate 
back and forth, opening and closing the points and 
causing the needle to swing back and forth as it 
opens and closes. 


On most of the third-brush regulated generators 
now in use, the cut-out would soon close, however, 
as the polarity of the generator would adapt itself 
to the battery polarity. In such case the needle of 
the ammeter would be steady, but it would read in 
an opposite direction to its former reading. 


If the ammeter indicates zero when the generator 
should be charging the battery, it shows that the 
circuit 1s open, or that the generator is at fault. 


If the ammeter does not indicate “charge” when 
the engine speeds up, but indicates “discharge” 
when the lights are turned on, then the generator is 
not delivering its proper output. Look to the 
“third-brush” or other regulation system, and see 
if it is properly adjusted; also see if the brushes seat 
properly; or there may be a short circuit in the 
lighting wiring. 


If the needle is forced to the scale limit on the 
“discharge’’ side, it indicates an overload or a short 
circuit. 


When the engine is running and lamps are burn- 
ing and the ammeter hand stands at zero, it indi- 
cates that the generator is producing exactly the 
same amount of current that the lamps are consum- 
ing. Thus the battery is ‘floating on the line” and 
is not receiving a charge, nor is it discharging. 


If the ammeter shows excessive “discharge” 
at low speeds, or when the engine is idle, this is 
caused by the cut-out contacts being held closed or 
“stuck.” ‘Thus current is flowing from the battery 
through the generator. This must be corrected at 
once by disconnecting the points. If the light 
switch is ‘‘on,” then a ground or short may be in 
this circuit. 


The ammeter will always indicate if a short cir- 
cuit exists in any part of the wiring, except from the 
battery to the switch bus bar, and in the starting- 
motor circuit. 


If the ammeter does not indicate “charge” with 


the engine speeded up, and does not indicate “dis- 
charge”’ with the lights on, and the engine at rest, 


DYKE’S INSTRUCTION No. 42 


there is an open or loose connection in the battery 
circuit; or the battery terminals may be loose; or 
the generator terminals are loose; or the ammeter 


_may be at fault. 


If the ammeter indicates ‘‘discharge’’ with the 
lights turned off, and the engine at rest, the ammeter 
pointer may be bent; insulation on the wires may 
be injured, permitting contact with frame, causing 
ground or short circuit, or the cut-out points may be 
stuck. 

If the trouble seems to be in the ammeter, it is well to place 
a test ammeter in circuit, to check the first instrument. If 
the instrument registers incorrectly it should be returned to its 
makers for repair. 


If the ammeter indicates “charge,’? with the 
engine at rest, the ammeter pointer may be bent. 


When the ammeter “charge” indications are 
below normal, the generator output varies with the 
condition of the battery on some generators. This 
may also be due to the regulation of the generator 
not being properly adjusted. For instance, the 
third brush may need resetting, or the brushes may 
not be making good contact, or the commutator 
may be dirty or rough, or may have high mica. 


When the ammeter ‘discharge’ indications are 
above normal, the lamp load may be excessive or 
the lamps may be old; wires may be grounded or 
shorted. 


If the ammeter pointer jerks intermittently to 
“discharge,” limit of scale while engine is speeding 
up, there is a short circuit or a ground in the system 
or in the field-windings. 


If fuses blow out repeatedly, look for a heavy 
ground, or the fuse may be too small for the current 
required, or a short circuit may exist in the system. 


If larger bulbs than standard or extra lamps are 
used, “discharge” indications will be higher. The 
generator may not be capable of charging the battery 
sufficiently to overcome the excess load, especially 
if there is insufficient day driving or excessive use of 
lamps at night, thereby permitting the battery to 
discharge more rapidly. Therefore, before adding 
more lights or appliances to the electric system, the 
amount of charge that the battery receives should be 
considered, especially during cold weather, when the 
starting motor is used more and the drain on the 
battery is greater. If the battery receives less than 
10 to 15 amperes on an average, it will be necessary 
to have it charged at an outside source occasionally. 
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TOOLS AND EQUIPMENT FOR THE AUTOMOTIVE ELECTRICAL 
REPAIR SHOP: When to Test on the Car and on the Bench 


TOOLS FOR ELECTRICAL WORK 


This subject is a broad one. The amount of 
repair work to be done would determine the equip- 
ment in each case. Therefore only a few of the 
really necessary tools are mentioned here. 


Pliers: An assortment of about 5’ long-nose, 
short-nose, and cutting pliers. 


1 2 + 15 Wave 
ih 
Screwdrivers: An assortment of about five or six, 
from very small ones to larger ones. 


Chisels: Two or three sizes, and also a center 
punch for locking and unlocking pole screws in 
generator frames. 


Files: One very fine jeweler’s file for contact 
points, and a mill file and round for cleaning wires 
and battery terminals. 


Thickness gauge to adjust contact-breaker points, 
cut-out, regular points, and spark plugs. 


Flat wrenches: Various sizes; these can usually 
be purchased in sets or with tool kits. 


SOLDER 


Fig. 2. 
for soldering. 
the soldering copper. 


Illustration at left shows a simple and handy method 
The wire solder is inserted in a hole drilled in 
A blowpipe torch is shown on the right. 


Soldering irons: Three sizes, a pair each of 1% Ib., 
1 lb., and 2 lbs., for soldering coil terminals, wire con- 
nections in field coils, commutator wires, armature 
wires, terminals, cut-out and regulator points, etc. 


Soldering flux for electrical work. Wire solder 
with flux inside is used extensively. 


Blow-pipe torch: Very essential. 


Tape: For taping inside of generators, etc. 
Where there is excessive heat, a tape called “English 
superfine twilled tape” is used. It is then coated 
with shellac and the alcohol is burned off by lighting 
with a match. Friction tape is the kind generally 
used for outside wire connections. 


Shellac is used for armature work, connections, 
etc. See Index, ‘Shellac, how to mix and keep. 
Note. When grounding a wire to the frame or to the engine, 


clean off all paint. Scrape thoroughly. After making the 
connection, coat with vaseline to keep the connection from 


corroding or rusting. 


1 This subject does not include storage-battery equipment. 
This is fully treated under instruction on Storage Batteries. 


When soldering a wire into a lead terminal, such as a heavy 
storage battery connection, clean well. Add flux, and then melt 
the solder in the terminal by means of a torch. When hot, 
insert the wire and let cool; this is termed ‘‘sweating,.”’ 


Oars 


Fig. 3. This hook, 4” long, is used for pulling brush springs. 


Fig. 4. Socket wrench for brush mechanism and coil nuts. 


A brush lifter for liftmg brush springs on genera- 
tors and motors is shown in Fig. 3. 


A socket wrench suitable for the nuts on brush- 
holders, coils, ete., isshown in Fig. 4. Several sizes 
can be made. 


A fine-pointed scratch awl to dig out copper dust 
and material that will short-circuit between commu- 
tator segments is another necessary tool. A tool 
made on the order of that in Fig. 3 would be suitable 
for this work. 


Tools for undercutting mica are explained farther 
on. 


Fig. 6 


Pole-piece double gauge: It often happens that it 
is necessary to put new field-coils in the generator or 
motor, owing to the fact that they become shorted 
or grounded. In order to do this, it is necessary 
that the polar diameter be exactly right—that is, 
the distance between the faces of the pole-pieces. 
This distance is measured with a pole-piece double 
gauge (Fig. 5); one end of the gauge being a “Go” 
indicator, and the other end a ‘““No Go” indicator. 


Pole-piece spreader: If the gauge does not slip 
into the polar diameter on one end and fails to go on 
the other, the dimension is wrong, Generally it is 
too small, and the pole-piece must be spread farther 
apart and the tool (Fig. 6, pole-piece spreader) 
is used for this work. There is no possible way for 
spreading the pole-pieces so as to get the proper 
clearance between the armature and the poles with- 
out this tool. In other words, the object of these 
tools is, first, to spread the pole-pieces and frame to 
give the right air gap between the armature and 
pole-pieces with tool No. 6, and then to measure 
these dimensions with No. 5, after the work has 
been done, to see that it is right and, if not, to cor- 
rect it. 
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A pinion puller, used for pulling the generator- 
drive pinions off the armature shaft (Ford), is 
shown in Fig. 7!. 


A bearing puller, used for pulling ball bearings 
off the armature shaft, is shown in Fig. 8. 


Lathe for Electrical Repair Work2 


A lathe suitable for turning down armature com- 
mutators, and for making motor repairs and elec- 
trical work in general, suitable also for cutting 
screws and other small work, such as tools, gauges. 
taps, etc., and for making battery and ignition parts, 
is shown in the illustration below. 


Fig. 9. This lathe has an 11” swing, with 114” swing over 
the bed, and is made in 3, 4, and 5-foot beds. It can also be 
supplied with milling attachments, and keyway cutting 
attachments, 
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Bench Lathe for Commutator Work! 


The illustration below is that of the Onan Lathe, 
which can be placed on a work bench and operated 
from a line shaft. 

With this lathe it is possible to true up and turn 
the commutator of any starter or generator arma- 
ture. Without removing the armature from the 
lathe, it is possible to undercut the mica between 
the bars. 


Fig. 10. The turning tool is controlled by a hand-wheel 
screw feed—the carriage is operated lengthwise by a drop-forged 
handle with suitable adjustment for every commutator. The 
lathe is built with 7” swing; bed 22” long; furnished with two 
Armstrong high-speed tool bits, lathe dog, suitable wrenches, 
etc., and is complete, ready for operating. It is driven from 
any available power. Shipping weight complete, 35 lbs. 


The subjects of commutator troubles, tests, and 
repairs, and also brush troubles (fitting and seating 
brushes, etc.) are treated on pages 491 to 496. 


INSTRUCTIONS FOR CLEANING REPAIR PARTS OF ELECTRICAL APPARATUS 


The cleaning outfit should consist of three sheet- 
steel tanks of suitable size (preferably about 35 
gallons), which are mounted in such a manner that 
the contents may be kept heated to the desired 
temperature; three stone jars of approximately 15 
gallons capacity; and a sawdust box. 


MOT WATER 


© boa 
COLO WATER COLD 
WATER 


Fig. 11. Plan of arrangement of tanks and jars for cleaning. 


Two of the steel tanks should be equipped with 
overflow pipes so that they can be kept about two- 
thirds full at all times. These will be spoken of as 
tank No. 1 and tank No. 2. They are used for 
clear, hot water for rinsing the apparatus after it has 
been cleaned. A supply of water should be avail- 
able, so that this water can be kept as clear as 
possible. 


1 Can be secured for Ford work from Service Station Equip- 
ment Co., Chicago, III. SO, Naas GRE 


_* Illustration js that of a new 11” screw cutting lathe, espe- 
cially adapted for electrical repair shops, manufactured by The 
South Bend Lathe Works, South Bend, Ind. 


The third tank does not need either a drain or 
overflow pipe, and should be used for the potash or 
caustic soda solution. This solution can be used for 
a long time without changing it by simply adding a 
small amount of potash or soda as the solution is 
found to be weakened. All three tanks are main- 
tained at a temperature of from 180° to 212° Fahren- 
heit, or approximately at boiling point. 


The three jars mentioned above are to be used for 
the acid solutions, and will be spoken of as jar No. ih, 
jar No. 2, and jar No. 3, respectively. 


A wooden tank should be provided which is large 
enough to permit the three jars to be set in it, and 
also to carry a supply of clear, cold water. This 
tank should also be divided so that jars No. 1 and 
No. 2 are in one division, and jar No. 8 in the other, 
This is very important, as the work cannot be rinsed 
in the same cold-water bath after being immersed 
in these various solutions. The sketch shown in 
the figure will give an idea of the outfit. 


Cleaning Solutions 
The solutions recommended are as follows: 
In tanks Nos. 1 and 2, place clear, hot water. 


In tank No. 8, place a solution of potash or caustic 
soda, made by mixing 1 Ib. of potash or caustic 
soda with one gallon of water. 


Jar No. 1 is filled with a solution made up carefully 
from the following formula: four gallons of nitric 
acid; one gallon water; six gallons sulphuric acid. 
The water is placed in the jar first, the nitric acid is 


1Can be secured of A. LL, Dyk i 
Granite Bldg., St. Louis, Mo. yke, Electrical Department, 
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The solution in jar No. 2 is made up from the 
following formula: one gallon hydrochloric acid to 
three gallons of water. 


Jar No. 3 is filled with the following solution: 14 
Ib. of cyanide to one gallon of water. 


Tank No. 2 should be used for parts which have 
been in the potash solution, and for no other pur- 
pose; tank No. 1 is for general rinsing. 


Cleaning Various Metals 


_ Steel is boiled in the potash solution until the dirt 
is removed, ‘This should take only a few minutes. 
It is then rinsed in tank No. 2, and dried in sawdust. 


Cast iron is boiled in the potash solution until the 
dirt is removed, rinsed in tank No. 2, dipped in the 
acid solution in jar No. 2, rinsed in cold water, then 
rinsed in tank No. 1, and dried in sawdust. 


Brass is boiled in the potash solution until the dirt 
is removed, rinsed in tank No. 2, dipped in the acid 
solution in jar No. 1, rinsed thoroughly in clear, cold 
water, dipped in the cyanide solution, rinsed in clear, 
cold water, rinsed in tank No. 1, dried in sawdust. 
Copper can be cleaned in the same manner. 


Polished aluminum should first be thoroughly 
washed in benzine or gasoline, rinsed in tank No. 1, 
dipped in the acid solution. in jar No. 1, rinsed thor- 
oughly in clear, cold water, rinsed in tank No. 1, 
and. dried in sawdust. 


Plain aluminum (polished) should be dipped in 
the potash solution, rinsed in tank No. 2, dipped 
in jar No. 1, rinsed thoroughly in clear, cold water, 
rinsed in tank No. 1, and dried in sawdust. 


475 


Plain aluminum (not polished) should be dipped 
in the potash solution, rinsed in tank No. 2, dipped 
for a few seconds in the acid solution, rinsed in tank 
No. 2, dipped for a few seconds in the acid solution 
in jar No. 1, rinsed thoroughly in clear, cold water, 
rinsed in tank No. 1, and dried in sawdust. 


It will be noticed that when the aluminum is put in 
the potash solution the metal is attacked or eaten 
away very rapidly. Care should therefore be taken 
not to leave the work in this solution any longer than 
is absolutely necessary. In cases where the work is 
covered with caked grease or has hard grease de- 
posits on it, these pieces should first be washed in 
benzine or gasoline. Aluminum parts should never 
be washed in the potash or soda solution unless they 
can be put through the acid immediately after. The 
acid dip is used to neutralize the effects of the potash 
solution. Parts should be held in the acid solution 
for only a few seconds. 


Paint on aluminum should be removed with a 
good varnish or paint remover, unless it 18 a very 
small quantity and the work is to go through the 
potash solution. 


For enameled work, it is recommended that it be 
washed with soap and water, dried thoroughly, and 
then polished with a cloth dampened with Three-in- 
One or O’Cedar oil. 


The methods described above are for solid metals 
only, and should not be used on any plated materials. 
Practically all Delco clips are tinned, and should be 
cleaned, therefore, in benzine or gasoline. All 
plated parts should be cleaned in benzine or gasoline. 


A HOME-MADE ELECTRICAL TEST STAND 


Tests for the internal parts of a generator, motor, 
cut-out, etc., will be explained in what follows. 
These tests might be termed “bench tests,” and 
are usually for internal troubles. They are such 
tests as are necessary when the troubles are such that 
they cannot be remedied on the car, such as testing 
armatures, field windings, etc. Therefore some sort 
of testing apparatus is necessary in such cases. 
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Fig. 12. 


The bench (Fig. 12) can be made about 36” high 
and about 5’ or 6’ long, with a lower shelf about 6’ 
or 7” from the floor, 


A vise, with jaws opening to about 8”, can be 
used to hold the generator when being driven by a 
motor. The vise is also handy for other work. 


Note that the test leads, or cables, are of flexible 
wire and run through pulleys with weights (Fig. 12A), 


Electrical test bench, 
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similar to pulleys and weights on a telephone switch- 
board, thus keeping the wires off the bench. 


1 
sal 


(ZVOLT BATTERY 


Fig. 12B 


Fig. 12A 


Necessary Parts and Wiring Circuits 


Volt and ammeter: Model 280 Weston, combina- 
tion volt and ammeter, as described on page 464, 1s 
recommended. This instrument is also fitted with a 
scale for cadmium tests of storage batteries (explained 
under the instruction on Storage Batteries). 


If this represents too great an outlay of cash, then 
Model 801 ee LA anee and Model 301 Weston 
ammeter are recommended. ‘These instruments are 
suitable for readings up to 30 amperes or 30 volts. 
See Index under ‘Weston voltmeters and am- 


meters.’’! 


1 These instruments can be furnished by A. L. Dyke, Elec- 
trieal Dept., St. Louis, Mo. 
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The wiring of the different circuits is shown in 
Fig. 12B, as follows: 


(1) Voltmeter (Model 301 Weston) with test points. 


(2) Armature rack for testing for open and short 
circuits in armature. Dry cells can be used. 
Note that the ammeter (Model 301 Weston) is 
in series with the circuit. 

(3) Test-light and points (high voltage) for use with 
110-volt circuit through a double pole switch. 
For testing for short and open circuits. The 
110-volt lamp is in series. A tungsten carbon 
filament lamp of about 15 watts can be used. 


(4) Battery test-light and points (low voltage) are 
connected with a storage battery. _Note that in 
(4) a low-candle-power lamp is in series, the 
voltage being same as battery (6 or 12 volts). 

(5) Remagnetizer for remagnetizing magnets. 
Connected with the battery by a double-pole 
switch and with fuses in the circuit. 


DYKE’S INSTRUCTION No. 43 


(6) Growler connected with a 110-volt alternating- 
current line for testing armatures for open and 
short circuits (explained farther on). 


Adjustable armature rack. 


Fig. 13. 


A method of making an adjustable armature rack 
is shown in Fig 13. This can be substituted for the 
one shown in Fig 12, as it is more serviceable, being 
adjustable. 


ns NORTH EAST TEST-BOARD 


The test-board shown in Fig 14 below, is that put 
out by the North East Electric Co., and supplied to 
their service stations for testing the N .E. motor- 
generators and ignition units. It is shown in order 
to give the reader an idea of its construction. In 
order clearly to understand it, first read the descrip- 
tion of N.E. electric system installed on the Dodge. 


of COMMUTATOR 
| END 
OF 


STARTER = 
y GENERATOR 


TYPE 8901-B, 8901-C OR 8901-D TEST BENCH 


Fig. 14. Test-board. 


With this test-board it is possible to operate the 
motor-generator and all its parts as if connected on 
the car. It will, of course, be necessary to drive the 
motor-generator by some means, when used as a 
generator. The different circuits are as follows: 

Starting-motor circuit: From (+) of the battery, 
to and through switch (C), through heavy black 
wires to switch (A), to terminal of board (+2), to 
and through the motor, to (— 3), to (—) of battery, 


Note that the voltmeter is connected across this circuit at 
switch (A) (on the left), and by the small wire at (—3) terminal. 
The ammeter is not in the circuit, as it is open at the cut-out 
points of the cut-out (upper left corner). 


Cut-out voltage circuit: Start from the motor- 
generator, which we will assume is being driven as a 
generator. Start at (+2) terminal of the board, 
which connects with the (+) main brush of the 
generator, to voltmeter (switch A is open), above 
the voltmeter to the cut-out, then through the fine 
wire voltage winding (small dotted lines), through 
the smaller or lighter wire to the voltmeter, to 
terminal (—3) of the board, to (—) main brush of 
the generator. 

Note that the voltmeter is connected directly across this cir- 


cuit and will indicate at what voltage and speed of the generator 
the cut-out points will close the charging circuit. 


Generator charging circuit: We will assume the 
cut-out points closed at a certain speed of the gener- 
ator when a certain voltage was reached (see page 
370, giving these details of the N.E. Dodge motor- 
generator and cut-out). The charging circuit would 
then be from (+2), to the voltmeter, above the volt- 
meter to the cut-out, through the closed points of 
the cut-out, through the cut-out series winding, to 
the fuse, through the ammeter, through switch (C) 
(switch A is open), to the (++) terminal of the board, 
to the (+) terminal of the battery, out the (—) 
terminal of the battery, to the (—) terminal of the 
board, to the (—) terminal of the generator. 

._ Note that the voltmeter is across the circuit, and the ammeter 
1s In series with the circuit. Thus the voltage and amperage 
generated at various speeds of the generator can be observed. 
For instance, at maximum speed, the generator should show 


@ certain amperage and voltage and the third-brush regulation 
can be set accordingly. 


through the series winding of the cut-out (see page 370 for these 
data). All of this can be observed with the voltmeter and 


The device on the left of Fig. 


14 is for testing the ignition, 
See also, pages 228, 226, 371, 230. 


HOME-MADE METHODS OF DRIVING A GENERATOR FOR TESTING 


Various methods are used for driving a generator 
so cut-out and output of the generator can be tested. 


We suggest two simplified methods, as follows: 


Ji. By using a 14 hp. electric motor,! (Fig. 15), 
with a speed of about 1,800 r.p.m. 


1A Whop., 110-volt, direct-current motor is priced at $65.00 
and can be obtained of A. L, Dyke, St. Louis, e cone pul- 
leys we do not furnish, The General Electric Co., Ft. Wayne, 
Ind., manufactures a type “RSA,” 14 hip. motor suitable for 
alternating current, and a type “SD” for direct current, 


Cone pulleys can be placed on the motor (Fig, 
15), to drive the generator, on which there are two 
sizes of cone pulleys. The cone pulley on the motor, 
of which there are five sizes, and also the one on the 
generator, of two sizes, can be made in one piece 
of hard maple or metal, by turning them up on a 
lathe. A 14’ round belt is used to transmit the 
power, 

Sizes of motor pulleys: 2", 3", 434", 6” and 8’. 

Sizes of generator pulleys: 6” and 8”, 
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The variations of speed of the generator which can 
be obtained with the pulleys of the sizes as figured 
out are as follows: 


8” motor pulley to 6” gen. =2,400 r.p.m. 
6 motor pulley to 6” gen.=1,800 r.p.m. 


454” motor pulley to 6” gen. =1,425 r.p.m. 
3” motor pulley to 8’ gen.= 675 r.p.m. 
2 motor pulley to 8’ gen.= 450 r.p.m. 


On different generators there are different sizes of shafts. 
Some are tapered, but most shafts on later generators are 
straight keyed shafts, and average about 114” to 2’ in length. 
The average diameter varies. The Delco is 11/16’’, the West- 
inghouse 54” and 34”, the Remy %” and 34’. Therefore 
bronze bushings should be provided for the generator pulley 
which can be removed, and in time a valuable collection will be 
at hand ready to use on subsequent tests. 


Some sort of sliding base (V, Fig 15), with ascrew 
(S) to adjust the tension of the 14” round belt, 
should be provided. A clamp, similar to a wood- 
worker’s clamp, can be used to hold the generator 
to the base. 
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Fig. 15. Method suggested for rigging up a motor for 
driving a generator on a test. 
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To figure the speed and size of pulleys to use for 
other speeds than those given, see Index under 
Speed of pulleys, how to figure.”’ 


2. Another method of driving the generator (Fig. 
16) is by means of a line shaft (300 r.p.m.). Use a 
4’ face pulley, 18’’ diameter. This will give a speed 
to the countershaft of 1,800 r.p.m. if a 3’ diameter 
2’’ face pulley is used on the countershaft. Note 
that two pulleys are used on the countershaft, one 
with a 2” face by 3”’ diameter, which is tight to the 
shaft; the other is of the same size, but is loose, thus 
permitting the 2’ flat belt to shift from one to the 
other, to start or stop the line countershaft. 


Line shaft 300 Revolutions 


Fig. 16. One method of driving a generator from a line shaft. 

As we have the same number of revolutions of the 
countershaft in Fig. 16, as we have of the motor in 
Fig 15, we can therefore use the same diameter of 
cone pulleys. 


Other methods can be employed. These are 
suggestions only. 


Pee; page 507 for: “A modern electric testing 
stand. 


HOW TO START TO MAKE ELECTRIC TESTS AND HOW TO LOCATE ELECTRICAL 
INFORMATION IN THIS BOOK 


The greatest difficulty that the electrical repairman 
experiences in starting into this line of work is to 
know just how to start and where to obtain parts, 
etc. The object of these next few pages is to ac- 
quaint him with the details of making tests on the 
car and on the bench, and to furnish suggestions as 
to how and where he may obtain data and informa- 
tion. Refer to the Index often. 


See Digest of Troubles, page 454, also pages 512 to 518, for 
locating other motor and generator troubles. 


It will be noted that reference is frequently made to the fact 
that A. L. Dyke, Electrical Dept., St. Louis, Mo., is in a posi- 
tion to furnish testing instruments and books of data, etc., and 
also to do electrical repair work. This service is not so much 
conducted for profit as it is to assist the student in getting his 
initial start. ‘The parts we purchase for filling orders are pur- 
chased of the local branches of the different manufacturers. 
Later on, after the student is established and actively in busi- 


ness, he can no doubt purchase direct. 


The books and instruments that we recommend are those 
we know are needed. It is impossible to give all data in this 
one book; hence the necessity of purchasing a few others, such 
as a Wiring Manual and Service Manuals. See advertisements 


in the back of the book. 


When a car owner drives to your shop and tells 
you that his generator fails to generate current, or 
that the generator fails to charge properly, or that 
the lights burn dim, or that the battery constantly 
runs down, you must, like a good physician, make 
careful note of the troubles and then in your own 
mind analyze the symptoms and formulate a plan 
for your tests and diagnosis of the case. 


The first procedure is to endeavor to make tests 
on the car without removing any of the parts. 
These tests are given under various headings in this 
book. Before any tests are made, however, turn 
to the “Digest of Troubles” and find the probable 
cause, and figure out in your mind which one of the 
causes would most likely apply to the case. Some- 
times troubles are attributed to the electric system, 
when in reality they are engine troubles, or ignition 
troubles. 


Then make the tests, first one, then another, thus 
eliminating one cause after another, until the real 
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cause is finally found. This is termed the “process 
of elimination,” and is a mighty good term to mem- 
orize and keep in mind. See “Digest of Troubles.” 
The good electrical repairman is classed as a very 
intelligent man, just as a good physician is, and he 
must study and be able to concentrate in order to do 
his work intelligently. 


If, after making the tests, it is found that the 
internal parts are defective, such as a defective igni- 
tion coil, generator, cut-out, or battery, then it is 
time to remove the part to the bench and to make 
the tests. 


Procedure of Tests, and Diagnosis 


When starting to locate troubles in the electrical 
system of a car, first divide the electrical system into 
parts, as explained on pages 448, 455. 


If the trouble is in the lighting circuit, see page 
482, 


The large_blue print Wiring Manual is very necessary in 
tracing circuits. 


If the trouble is in the ignition system or circuit, 
determine the make of the system, see Index, and 
study up on that system. Refer to the Index for 
testing for ignition troubles. 


If the trouble is in the storage battery, see the 
instructions on Storage Battery, and the “Digest of 
Troubles.” 

For battery work, we recommend the Cadmium Test Outfit, 
and also a book entitled, ‘“The Automobile Storage Battery,” 
price $5.00. 

If the trouble is in the generator or cut-out, turn 
to the Index and the “Digest of Troubles.” 


Starting Motor 


If the trouble is in the starting motor, refer to the 
“Digest. of Troubles” page 454, and the Index on 
“Starting motors.’ The troubles with a starting 
motor are either electrical or mechanical. See also, 
pages 455, 517 and 486 to 490. 


Mechanical troubles with the starting motor that 
are most common are as follows: 


1. Worn bearings: Many ‘starters have plain 
bronze bearings which become worn from lack of oil 
and long service. Thus when heavy charges of 
current of 200 to 300 amperes pass through the 
starter, the armature revolving is forcibly drawn to 
the pole pieces, as the air gap is very slight, thus 
damaging the armature. Worn bearings can be 
replaced if you are equipped with a lathe for turning 
up and boring out a new bushing. 

The end plate can be returned to the manufacturer or to 


EM Mi Dyke, Electrical Dept., St. Louis, Mo., and an end plate 
with bushing fitted will be supplied. 


2. The starter armature shaft is sometimes bent 

or twisted out of true, as a result of back-firing of 
the engine and of hard strains, 'To test, place in 
lathe centers and straighten with a forked bar or 
otherwise. This trouble is more common with 
starters than with generators. See also, pages 455, 
486, 489, 320, 
_ Electrical troubles, most common with the start- 
Ing motor are described below. But before making 
any tests of the starting motor electric system, the 
engine should be tested first to see if it is stiff or 
hard to crank. The next test is of the battery. 


1, Examine battery: Sce if the electrolyte is above 
the top of the plates > If not, the battery is probably 
discharged, or nearly so. If the electrolyte covers 
the top of the plates, then test the electrolyte with 
a hydrometer to see if it is charged. 
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If the hydrometer shows 1.200 s.g., or less, it 
indicates that the battery is fairly well discharged. 
If it shows 1.225, it is fairly well charged, but not 
fully charged. The hydrometer should show 1.250 
to 1.300. When testing the battery with a hydrom- 
eter, the temperature of the electrolyte should be 
about 70°, otherwise the readings will not be correct. 
See Index under “Testing battery, temperature.” 


2. Loose or poor connections: These are usually 
at the ground connection of the battery or on the 
starter switch. The starting switch blades may be 
bent or burned and corroded. These connections 
as well as all internal connections should be clean 
and tight. 


3. Poor brush contact. Usually the result of 
lack of spring tension or worn brushes. Carbon 
brushes have a tendency to stick in the holders, 
especially if gummed with carbon dust and oil. 
Gauze brushes are sometimes used on starters, and 
should seat perfectly. See Index under “Brushes, 
seating of.” 


4. Rough commutator: This will necessitate 
removing the armature and turning the commutator 
down on a lathe (see Index under “Commutators”’), 
Do not undercut mica on the starting-motor com- 
mutator. 


5. Soldered armature coil terminals loose from 
commutator. Resolder. Loose terminals are often 
the result of heat produced by excessive current; 
also of poor soldering in the first instance. See 
Index under ‘‘Commutators.” 

The average speed of a starting motor, fitted with a Bendix 
drive, on a “‘free running test,” or no load is: 3,725 r.p.m. mini- 
mum and 4,950 r.p.m. maximum. The amperage is about 70. 
Under load, the speed varies 1,000 to 2,300 with 8 lb. pull ona 
6” pulley. The average amperage of starters when starting is 
given on page 471. This varies, however, as starters are 
designed in different sizes to start different sizes of engines. See 
page 489, giving an example of how starting motors are tested 
according to data given in the ‘Service Manuals.” 


Generator 


The generator circuit is divided into parts as 


follows: 

1. Generator. 

2. Generator regulation system. 

3. Cut-out. 

4. Storage battery. 

5. Wiring system connecting the above. 


Generators are usually shunt-wound, and there 
are four different regulation methods in general use: 


1. Third-brush 


(inherent constant current) regu- 
lated. 


2. Voltage regulated; where resistance is inserted 
in the shunt-field winding by an electromagnetic 
regulation system (see Index under “Voltage 
regulation’’), 


3. Current regulated; where resistance is cut into 
the shunt-field winding by an electromagnet (see 
Hees re “Current regulation, electromag- 
netic’), 


4, Compound winding with a “differential” action 
(see Index). 


The third-brush regulation is used most. The 
output of the generator can be increased by moving 
the third brush in the direction of the rotation of 
the armature, or decreased by moving it in the oppo- 
i a St See Index under “Adjusting third 

rush, 


TOOLS AND EQUIPMENT FOR ELECTRICAL REPAIRS 


The principle of the third-brush regulation is 
explained on pages 357, 361. After an approximate 
speed of about 1,800 r.p.m. is reached, the output 
begins to drop off, for the reason explained under 
“Armature reaction.”’? See Index. It is important 
to see that the third brush always makes good 
contact with the commutator. 


The output of the generator with the voltage or 
current-regulation method, using an electromagnetic 
principle, can be increased or decreased by decreas- 
ing or increasing the spring tension. See Index 
under “‘Adjusting regulators, electromagnetic.” 


A compound-wound generator, which is an inher- 
ent method of regulation, with constant current, 
has the two windings on fields opposing each other at 
high speeds of the generator, such as the ‘‘bucking- 
series’ winding, and the “cumulative-compound” 
winding, explained under this subject; see Index. 


With the compound-wound generator, not using a 
third-brush or electromagnetic principle of regula- 
tion, but depending upon the differential action of 
the two windings, there is no provision made for 
increasing or decreasing the output. Sometimes 
the series winding can be shortened, or lengthened, 
as explained on page 356. 


The cut-out opens and closes the circuit between 
the generator and battery, the function of which is 
explained under this heading; see Index, generally, 
and also under “Testing and adjusting cut-out.” 


Generator Troubles 


Conditions which necessitate tests of a generator 
are as follows: 


1. When the generator fails to charge the battery. 
2. When the generator output is low or excessive. 
3. When the ammeter fails to indicate properly. 
4, When the ammeter is not steady. 


There are many other conditions but those just 
mentioned are the usual or most common causes for 
the necessity of testing. See also “Digest of 
Troubles.” 


First, test the generator on the car. 


Before removing the generator, study out the 
internal circuits of the system by referring to your 
“Wiring Manual” and “Service Manual.” 


Then make the following tests while the generator 
is on the car: 


1. There is a fuse which is sometimes placed in the 
shunt-field circuit of the generator. See if it is 
making good contact and is not blown. 


2. Examine the brushes and see if they are making 
good contact. 


3. Examine the cut-out points and sce if they close 
at about 650 to 1,000 r.p.m. of the generator, and 
if they open at lower speeds. A “Service Man- 
ual,” which gives all these data for all generators 
ig advised. For cut-out troubles, see Index. 


4. See that all connections are tight from the genera- 
tor field connection of the brushes and from 
the generator to the cut-out, to the ground con- 
nection of the generator and the battery. The 
“Wiring Manual” will assist you in tracing. 


5. Examine the commutator—see whether it has 
thrown solder, that is, whether the solder which 
binds the ends of armature windings to the com- 
mutator bars is loosened. If so, the generator 
must be removed and resoldered. 
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6. Examine the commutator and see whether it is 
rough or whether mica protrudes. If so, there 
will be sparking at the brushes. This will require 
removal of the generator, so that the commutator 
can be turned down and the mica undercut and 
the brushes made to fit properly. See Index 
under ‘‘Undercutting mica.”’ 


7. Place your testing ammeter in the generator cir- 
cuit, as explained on page 470, at test Al, to see 
if the dash ammeter is reading properly. Then 
run the engine and check the readings. 


8. If the generator output is lower or higher at 
maximum speed than the ‘Service Manuals” 
give for the type of generator being tested, then 
increase or decrease the output. See Index under 
“Regulation methods.” See also ‘Digest of 
Troubles.” 


Generator Bench Test 


Conditions which necessitate removal of the gen- 
erator from the car are as follows: 


1. If no current is indicated by the ammeter tests. 
2. If the ammeter needle is not steady. 


3. If the generator will not produce its proper output 
after adjusting the third brush or other regulation 
method. Failure of the third brush to seat 
properly is the cause of many generators not giv- 
ing their proper output, or even giving none at all, 
or intermittently. 


4, If there is excessive sparking at the brushes, and 
it cannot be remedied by proper brush adjust- 
ment. ‘ 


5. If the commutator is rough and mica protrudes. 
6. If there is noise. 


After removal of the generator to the bench, there 
are four methods of testing: 


1. By motoring the generator. 

2. By examining the commutator. 

3. By driving the generator. . 

4, By testing the armature and field windings. 


Testing Generator by Motoring It 


Connect the generator with a fully charged bat- 
tery: It makes no difference which wire is connected, 
as most generators will automatically reverse their 
polarity. If, however, you know the (+) terminal 
of the generator, use it. The motoring test will 
determine if trouble is in the armature or the field. 


Running the generator as a motor is a quick 
method of determining the general condition, and is 
easily and quickly tested out. See also page 491. 


An ammeter with the 30-ampere shunt is con- 
nected in the line; the ammeter must be connected 
through the (++) pole of the meter to (+) of the cir- 
cuit. See page 465 for description of the Weston 
meter, which we assume is being used for the tests. 


The cut-out is not in the circuit in this test. If, 
however, the cut-out is in the generator, close the 
points, otherwise the generator will not motor. The 
generator should run in the driven direction, unless 
the field connections are wrong. In this case change 
the internal wires at the brushes, 


If the generator fails to motor, the trouble is 
probably due to an open field circuit or to absence of 
brush contact. 


If the generator motors, it should do so without 
undue sparking at the brushes or any unusual noise. 
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It should draw approximately from 3 to 5 amperes. 
On the Ford, the amperage is 4, and on a N.E. 
motor-generator. (model G), it is about 5 amperes 
with the 12-volt battery. If it is over 8 amperes, 
then there is evidence of a short-circuited armature, 
providing the machine is free of mechanical defects. 


The ‘‘Service Manuals” give these data for all generators. 


The average speed of a generator when being 
motored is 400 r.p.m. with a voltage or relay type 
of regulation, and 350 r.p.m. with a third-brush type 
of regulation. 


If the generator draws too much current when be- 
ing motored, the trouble is very probably to be 
found in the armature. 


If the needle of the ammeter vibrates, there is 
probably a short circuit. 


The armature should then be removed, and 
placed in the stand (Fig. 13, page 476). Separate 
tests should then be made. See Index for “Arma- 
ture tests.” 


Testing Generator by Examining Commutator 


Highty per cent of generator troubles are indicated 
by the condition of the commutator. Remove the 
cover (Fig. 17), and examine for the following: 


WORN BRUSHES 
WEAK BRUSH 


DIRTY OR ROUGH 
COMMUTATOR 


Fig. 17. Commutator and brush inspection. 


1. If the commutator is burned black over its entire 
surface, it is usually due to grease, or carbon dust 
from the brushes. If caused by carbon dust, the 
commutator is probably rough, and should either 
be turned down on a lathe or sanded in (explained 
under “Commutator troubles”; see Index). It 
is best to turn the commutator down, but sand- 
ing will do in an emergency. Blow carbon dust 
out of the generator housing with air pressure. 


2. Improper brush-spring pressure, which permits 
arcing, will also produce a rough commutator, 


3. If there is an open circuit in the armature, there 
will in all probability be a flat place on the com- 
mutator segment or bar, the result of a heavy 
spark at the brush occurring on the open commu- 
tator bar when the brush makes contact with it. 
The cause of such an open circuit in the armature 
coil is usually a loose connection where it is 
soldered to the commutator bar. Examine all of 
the connections carefully. 


Sometimes troubles of this nature occur only 
when the armature is revolving, which causes the 
wire to fly loose, through centrifugal action of 
rotation. Hence the connections must be care- 
fully examined. 


4, If the mica protrudes above the commutator bars, 
or if the brushes or brush holders are loose, or if 
the brushes are worn, this indicates that there has 
been excessive Sparking at the brushes. These 
parts should be examined carefully and reme- 
died. See Index under “Commutator and brush 
troubles,” 
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Testing Generator on the Bench by Driving It 


Various methods are used for driving a generator 
so that the cut-out and output of the generator can 
be tested. A home-made outfit is shown on page 
477. See also Index under “Electrical testing outfit.” 


Additional Pointers 


If a generator fails to deliver its proper output, or 
if the cut-out fails to operate, the first step is to 
find out why. If the tests suggested above deter- 
mine the fact that the generator armature coils, or 
the field coils, or the cut-out windings are defective, 
it does not pay to attempt to repair them, as arma- 
ture winding is a trade learned only by careful study 
and long experience. It is best to return the part 
to the factory,! and order a new part. In many 
instances an allowance will be made on defective 
armatures toward a new one. 


The electrical repairman can, however, do such 
work as testing, cleaning, and sanding the commu- 
tator, under-cut mica, fit or seat and adjust brushes, 
solder loose wires at commutator segments, etc., as 
explained under these different subjects. 


He can also adjust and regulate the output of 
generators. Most generators now have the third- 
brush regulation. It is therefore a simple matter 
to increase or decrease the output by moving the 
third brush, after determining what make of electric 
system is used, and then referring to the Index of this 
book, or to the Service Manuals. 


A Data Book or Service Manual giving the speed of different 
generators at which the cut-out should cut in and cut out, the 
amperage at various speeds, etc., is very necessary. 


Bearings and Brushes 


Bearings: Many generators had ball and roller 
bearings. Delco still uses ball and roller bearings. 
Most of the other generators and starters now use 
plain bronze bearings. You can fit new bearings if 
you are equipped with a lathe and can do the work 
accurately. It is advisable to send the end plate to 
the factory, and obtain a new bearing fitted into the 
end plate. 


If the shaft is worn, then it is best to true it up on 
a lathe and to fit new bearing bushings and ream 
them out, so as to have the shaft correspond with the 
bore of the bearing bushing, or else to send the entire 
generator or motor to the factory. 


Brushes: Generators usually use carbon brushes 
copper plated. Starting motors use a composition 
of graphite and carbon or some similar substance 
which is softer than generator brushes. Some 
starting motors use gauze brushes. See Index 
under “Brushes.”’ It is best to obtain brushes as 
recommended by the manufacturer, 


On page 494 we advise how to sand brushes. On 
some generators this is not possible, as the brush 
arm 1s too short. In this case, the brush should be 
placed on the generator, the generator should be 
“motored,” and thus the high spots on the brushes 
will show. Scrape high spots of brushes down. 


Good brush contact is very essential on both 
generator and starter. 


1A. L. Dyke, Electrical Dept., St. Louis, Mo., is in a position 
to supply these parts and advise you where the nearest repre- 


TOOLS AND EQUIPMENT FOR ELECTRICAL REPAIRS 


Oil the generator and starting-motor bearings 
often. Don’t oil or grease the commutator. 


Parts to Carry in Stock 


_ If you propose to do electrical repair work, then 
in addition to testing instruments and tools, you 
should carry parts in stock, such as: 


1. Brushes. 

2. Lamp bulbs. 

3. Fuses (see Fig. 18). 

4, Ignition coils: ignition resistance units, conden- 


sers, contact-breaker arms for Atwater-Kent, 
Delco, Remy, Westinghouse, and Connecticut 
ignition systems. 


5. Ignition cable. 
6. Primary and lighting wire. 
7. Ignition switch keys. 


Some of the parts which should be carried in stock by 
the electrical repairman are illustrated. Addresses of some 
of the manufacturers are: Chicago Fuse Mfg. Co., Chicago 
(“Union”’ fuses); Delco Electrical Laboratories, Dayton, Ohio; 
Remy Electric Co., Anderson, Ind.; Westinghouse Electric Co., 
Pittsburgh, Pa. (motors, generators, and ignition); Connecti- 
cut Tel. and Elect. Co., Meriden, Conn.; Atwater-Kent Co., 
Philadelphia, Pa. (ignition); K.W. Ignition Co., Cleveland, 
Ohio (magnetos, coil units). 

Ignition replacement parts can be secured of Jefferson Elect. 
Mfg. Co., 426 So. Green St., Chicago, Ill.; New York Coil Co., 
338 Pearl St., New York, N.Y. 


mH—e¢ 


No. 16A for Auburn 
‘and Excelsior 


eat zee 


No. 18K for Velie Car 


No, 6A—2x44 
1-250 Volte 
Fibre Tube 


No. 17A for Appleco and 
itdorf Starter, 

Mitghell 1916, Pullman, 
Hollier Eight 


No. 18A for Appleco Starter 


Ne, 284 ber Buick Car 


Fig. 18. Different types of fuses. 
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Fig. 19 (left): 


ignition coils; 
units; (right) contact breaker points. 


(center) ignition resistance 


It is advisable to find out the make of cars in 
your vicinity and the electric system used on the 
cars, in order to have appropriate parts on hand. 
By referring to “Specifications of leading auto- 
mobiles,” you will find the specific make of electric 
system listed with each make of car. 


ous methods of making tests. 


INSTRUCTION No. 44 


DIFFERENT METHODS FOR TESTING THE ELECTRICAL PARTS OF 
A CAR: Lighting Tests; Armature Tests; Field Tests; Generator Tests; 
Starting Motor Tests; Cut-Out Tests 


This instruction will deal with the subject of vari- 
For instance, grounds 


are usually tested with the test light, although a 
meter can be used. 


Armature and field ground tests are also usually 


tested with a test light, but a meter can also be 
used. 


Armature tests for open circuits and short circuits 


are usually tested with a meter, using the millivolt 
drop test. 


An ammeter of a 30-range capacity can be used 


for testing generator armatures for short circuits and 


open circuits, as explained under the F. B. test- 
stand tests. 


The “growler” is best for testing motor armatures, 
owing to the very low resistance of the motor coils. 
Torque tests and free-running tests can also _be 
made of the motor, but the object of a “free-running 
test” of a motor, or a “torque test,” is to find out if 
the trouble is in the field or in the armature. 


Likewise, the “motoring test of a generator” is 
for the purpose of localizing the trouble: to dis- 
cover whether it is in the armature or the fields, and 
whether it is an open circuit, a short circuit, or a 
ground. 


LIGHTING TROUBLES 


Lighting troubles are attributed to one or more of 


the following causes: 


il. 
. Open circuits or broken connections. 
. Grounds. 

. Short circuits. 

. Weak battery. 
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Poor connections. 


Poor connections and open circuits may exist at 


any point on the lighting circuit, from the battery 
to the lamp bulb. 


Grounds and short circuits may exist at any 


point on the lighting circuit. 
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Lighting Trouble Indications 
If lamps do not light up: 


Examine the fuse block for: blown fuses. If the 
fuse is blown, do not replace it immediately, but 
look over the wiring for an accidental ground or 
short circuit. If the fuse in the headlight circuit 
blows, turn off the headlight switch until the 
trouble is located and removed. In looking for 
grounds, any abrasion of the insulation on the 
wire, or a metallic contact between the wires or 
between the current-carrying part of the wiring 
devices and the metal of the car should be 
watched for. 


When the trouble has been located and cor- 
rected, then replace the blown fuse with another 
of the same capacity, making sure that it is of 
the proper size. 


. If the fuse is not blown, look for burned-out lamp 


bulbs, open circuits, loose contacts ; or the light- 
Ing wire to the battery may be loose, or discon- 
nected, or the battery may be run down, or dis- 
charged. 


. In case the battery is discharged, recharge it 


immediately, and if possible, give it a gassing 
charge. See Index under “Hydrometer test.”” 


If lamps in one circuit do not burn: 


The lamp may be burned out. 


Try another 
lamp in the same socket. 


2. If the fuse is thought to be blown, try the same 
fuse in another circuit. If the fuse is blown do 
not replace it immediately, but look over the 
wiring for a ground or short circuit. 


If the trouble cannot be located immediately, 
turn off the switch on the damaged circuit until 
the trouble has been located. 


If the trouble is in a particular lamp socket, 
disconnect the attachment plug from this socket 
until the trouble can be removed, and see that 
the removed attachment plug does not dangle in 
such a way as to make a short circuit on the 
metal of the car. 


3. There may be an open circuit or a broken connec- 
tion in the wiring. Examine the places where 
the connections are made on that particular cir- 
cuit. 


4. In case the trouble is due to a short circuit on 
some particluar lamp socket, disconnect the 
attachment plug leading to this socket until the 
difficulty can be remedied. 


If none of the lamps will burn—and no spark is 
obtained for ignition: 


1. Terminals of the battery may be disconnected or 
corroded, so that they do not make good contact. 


2. Ground wire, from the battery to frame of car, 
may be disconnected or broken. 


If the ignition is all right, the trouble may be 
due to: 


la. The lead wire from the switch to the lights may 
be disconnected or broken. 


The lead from the generator terminal to the 
fuse box may be disconnected or broken, or the 
fuses blown, owing to a short circuit. 

1c. The lamps may be burned out. 

1d. The battery may be run down. 


If there are no lights or dim lights, with the engine 
running: There is a group of troubles which can be 
classified under the general head of open circuits. 
There are seven of these which are prominent; 


1. The generator terminal or brush connections 
may be loose, or may make poor contact. If, how- 
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TESTING ELECTRICAL PARTS OF A CAR 


ever, the generator is charging the battery—which 
is indicated by the ammeter showing “‘charge’— 
then the trouble is not in the generator. 


2. The wire connections to the switch may be 
defective. 


3. The wire connections to the lamp connector 
terminals may be defective. 


4, Lamp-socket terminal may be loose. 
5. Bulbs may be burned out. 


6. Bulb bases may be out of contact with lamp 
sockets. 


7. There may be broken wires, especially where 
connections are made to the lamp sockets. 


If lamps go out for an instant only: When the 
lamps in one circuit act this way, there is probably 
a loose connection on the circuit so affected. It may 
be in any part of the system, and the first place to 
look is at the fuse connection. 


A slight short circuit which occurs at intermittent 
periods would also cause this trouble, but in this 
instance, a higher “discharge” rate will be shown on 
the “ammeter.” 


If lamps flicker: This trouble is attributable to 
loose connections, usually at the lamp socket or fuse. 


It can also be caused by bad contact or an inter- 
mittent ground. For instance, a contact might be 
just loose enough so that vibration would cause the 
circuit to be made and broken repeatedly. 


A grounded wire would cause this trouble by 
alternately making and breaking the ground connec- 
tion. Every time the ground is made, the light 
goes out because the current flows through the 
ground instead of through the lamp. 


Obviously the trouble may be roughly located 
by noting whether all the lamps flicker, or only one. 
If all do, then the test should start at the ammeter; 
then at the switch; then at the circuit. If only one 
light flickers, then the trouble is in this individual 
circuit. 


If lamps flicker and the ammeter is unsteady: 
This may be due to a loose connection in the light 
wires; a loose connection between battery and gen- 
erator; a loose contact at lamp bulb; or, finally, 
to an exposed wire touching the frame intermit- 
tently, causing a short circuit. 


If one lamp burns dim: Change the bulb; it may 
be old and blackened, or partially short-circuited in 
the filament. If the same lamp is still dim, test 
the wiring to the lamp. Examine the lamp socket. 
A great many of these troubles are found in poor 
connections in the lamp socket, or in a slight ground 
in this circuit. 

If all lights burn dim: The usual trouble in this 
case is loose or slightly grounded connections, or 
poor or corroded connection at the battery. More 
likely the battery simply has not had sufficient 
charging. This can be determined by watching 
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whether the lights brighten up when the engine is 
ee up, at which time the generator is supplying 
current. 


Af the wiring is all right, run as much as possible 
with lights off, so that the dynamo will charge the 
battery at a higher rate. Or it may be necessary to 
set the charging rate of the generator higher. 


If the battery continues to run down, examine 
the cut-out. If the cut-out is in good order, then 
test battery with switch off, for a “ground” or slight 
“short circuit’’ in the sockets, or switch. 


If there is no ground, then test the battery electro- 
lyte, and also each cell separately, as directed in the 
instructions given under “Storage Battery.”’ 


Lamps may also be old and blackened, in which 
case, try new bulbs. 


If the lamps are bright with the engine speeded 
up, and dim when the engine slows down or is idle: 


In this case the battery is discharged, because, 
when the engine is speeded up, the generator current 
is used, and if the lights brighten up, then it is 
clear that if the engine slows down and the battery 
supplies current and the lights are dim, the battery 
itself is weak. Loose or poor contact of the battery 
terminals might also cause this trouble, or probably 
the battery terminal is sulphated. 


If possible, have the battery charged at once from 
an outside source. If this cannot be done, endeavor 
to run with fewer lamps than normal turned on for 
a few days, or until the battery voltage picks up 
again. 


If the lights grow dim when the engine is speeded 
up, the wires are probably reversed at the generator. 


If lamps burn very dimly when the starting pedal 
is used: The battery is weak, and probably almost 
discharged; or the battery is injured in one or more 
cells, probably due to lack of water; or battery 
terminals or ground wire is not tight. 


If lamps will not light, but the starter cranks the 
engine: Lamps are burned out, or the filament is 
broken; or the system is short-circuited, or there is 
an open circuit at the fuse or the switch or the wiring. 


If lamps seem to burn brightly, but fail to illumi- 
nate the road sufficiently: Lamps are out of focus. 
The rays of light are directed too far upward. (See 
“Focusing of lamps and reflectors.’’) 


If lamps are too bright: The regulation of the 
generator is evidently set for a higher voltage. Use 
lamps of higher voltage. 


If lamps burn out often: This is due either to a 
poor grade of lamps, or to an improper voltage of 
lamps; also to sulphated battery terminals, or to 
loose battery connections. 


If fuses blow repeatedly: Lamps are defective— 
probably with short circuits, First try new bulbs. 
The fuse may not be of large enough capacity. 


TESTING THE LIGHTING CIRCUIT FOR OPEN CIRCUITS, GROUNDS, AND 
SHORT CIRCUITS WITH A TEST LIGHT 


Tn this example we shall use a test lamp and test 
points from a 110-volt lighting circuit of either direct 
or alternating current. A voltmeter could be used. 


A point to remember, when testing any circuit, is 
that a complete circuit is necessary in order to have 
the electric current do its work. 


When using a test light, it is advisable occasionally to bring 
both test points together or to touch one with the other, to 
make sure that the test light is still in working order, as very 
often the filament of a lamp breaks, owing to the rough nature 
of test work. When this happens, one is led to erroneous con- 
clusions. ; ; ' j 

It is a good plan to inclose the test lamp in a wire cage to 
Prevent Bead vibration to the lamp bulb and also to avoid 
injury to the small glass tip on the end of the lamp bulb. 
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Wiring-System Troubles 


Wiring troubles are: 
1. All lights out; none burn. 
2. Only one branch of lights burns. 


Cause of 1: Fuses blown; battery discharged or 
disconnected; poor connection at battery terminal 
or ground wire; open circuit; short circuit. Test 
the battery; examine conneetions. 


Causes of 2: Open circuit; short circuit or ground 
in this branch. Test as suggested below. May be 
due to burned-out lamp bulbs or poor contact at 
lamp sockets. 


A single-unit Delco electric system, using a single- 
wire grounded return wiring circuit is shown in Fig. 
1 as an example. The tests however will apply 
to many of the other systems. The idea here is to 
point out how to make the tests for the different 
external circuits. 
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circuit of a car or wiring system. 


Most of the troubles in the wiring system are 
grounds, short circuits, and open circuits. 


It will be observed that certain portions of this 
circuit are intentionally grounded to the frame of the 
car. The battery terminal, the lamp return wires, 
one motor and one generator brush, one of the timer 
contacts, one terminal of the horn push-button, and 
one terminal of the condenser in the coil are 
grounded. 


When Testing for Grounds 


1. Remove these grounded connections by dis- 
connecting the battery terminal (negative [—] in 
this instance) from the battery which is grounded 


to the frame of the car, and remove all lamp 
bulbs. 


2. Place a piece of cardboard between the commu- 
tator and the brushes of the motor and the generator 
(third brush also). See Fig. 1. 


3. Disconnect the lead wire from the horn button 
and distributor and raise the base of the ignition 
coil so that it is insulated from the top cover of the 
motor-generator. 


DYKE’S INSTRUCTION No. 44 


To Test for Grounds 


See test No. 4; place one of the test points (T) on 
the frame of the car and the other test point (T1) 
on the negative (—) terminal of the battery (A). 


If the test lamp lights, then a ground is indicated, 
and will likely be on the switch or in the motor wind- 
ings (if all the switch buttons are pushed in). 

Note. If the battery box becomes badly acid soaked, it may 
Saas ine lamp to light, owing to grounding through the box. 
Disconnect the (+) terminal of the battery from the wiring 
system, and test as before. If the lamp lights now, the battery 
box should be insulated from the frame of the car with a piece 
of dry wood and the battery should be cleaned and dried, and 
the battery box should be painted. See Index under ‘‘Battery 
box acid-soaked.”’ 


4. Now with one of the points still grounded to 
the frame of the car, touch with the other point dif- 
ferent terminals of the combination switch. 


If the lamp lights, then a ground isindicated. It 
should be found and removed. 
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Diagram explaining how to use a test light for testing for open circuits, grounds, and short circuits in the lighting 


To Test for Short Circuits 

For testing for short circuits between two wires 
which are supposed to be insulated from each other 
—see test No. 5; place one test point (TP) on one 
wire and the other point on the other wire. 

If the lamp lights, a short circuit is indicated be- 
tween the two wires. 

_If the lamp does not light, then this portion of the 

circuit is in proper condition. 


To Test for a Broken Wire 
To test for a broken wire—sce test No. 6; place 
the test point at each end of the wire as shown. 
If the lamp lights, the circuit is complete. 
If the lamp does not light, then there is a break 
somewhere between the two points. By gradually 


moving the test points toward one another, the 
break can be definitely located. 


If Lights Burn Out Often 
This is likely due to using a lower-voltage lamp 
than is used on the generator circuit. Test the volt- 
age at the lamp socket with the voltmeter when the 


generator is running at normal Speed, and use lamp 
bulbs accordingly. 
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TESTING THE LIGHTING, HORN, AND IGNITION CIRCUITS WITH A METER 


Lights 


Causes: If all the lights do not operate, the 
trouble may be due to the lighting system being 
short-circuited, open-circuited, or grounded. 


If individual lights do not operate, the branch 
systems may have any of the defects mentioned, 
and, in addition, that of burned-out lights. 


Testing! 


Short circuit: To test for a short circuit in the 
general lighting system, insert the 300-ampere range 
shunt in the circuit. Connect the instrument to 


the shunt. An indication will be obtained if a 
short circuit exists. (An indication may also show 
a ground.) 


If some of the lights only do not operate, connect 
the instrument as just described and close the 
switch for the branch containing those lights, for 
instance, between switch 7, Fig 1, and the light 
circuit. An indication will be obtained if the branch 
contains a short circuit or ground. If a short cir- 
cuit is indicated, the wiring and light sockets should 
be carefully examined. 


Note. If the indication obtained is less than 30 amperes, 
he 30-ampere range shunt may replace the 300-ampere range 
shunt. 


If any lights are burned out, measure the voltage 
at the socket, using the 30-volt range. This should 
be done for various engine speeds. 


If a voltage is indicated which is higher than is 
proper for the particular system being considered, 
examine the generator regulator system to locate 
the trouble. 


. Open circuit: If all lights do not operate, and the 
instrument does not show a short circuit or ground, 
the general lighting system is open-circuited. This 
is probably due to a disconnected wire. 


If some lights only do not operate and no short 
circuits or grounds are indicated, the branch systems 
which contain these lights are open-circuited. This 
may be in the wiring, or because the lights are 
burned out. 


Grounds: Disconnect all wires from the battery 
and all intentional ground connections. Then pro- 
ceed as described under “Short Circuits.” 


Horn 


The causes for the horn failing to operate may be 
similar to those affecting the operation of the lights. 


Open circuit: Connect the 30-ampere range shunt 
and instrument in the horn circuit, between the 
switch terminal 3 (Fig. 1) and the horn circuit. 
Close the horn switch. If no indication is obtained, 
the horn circuit is open-circuited. By inspection, 
the place at which trouble exists can readily be 
found. 

Short circuit: If a test for an open circuit does 
give an indication, the horn circuit is short-circuited 
or grounded. 


Note. If the indication is less than 3 amperes, ‘the 3-ampere 
shunt may replace the 30-ampere shunt on the ammeter. 


_ 1The Weston ‘‘model 280” instrument is used as an example 
in these tests. See page 464. 


Ignition Troubles 


Causes of trouble: Ignition troubles may be 
caused by loose connections, open circuits, grounded 
wires or spark plugs, short-circuited wires or spark 
plugs, improper adjustment of spark gap of plugs, 
incorrect order of cylinder firing, broken-down or 
short-circuited spark coil, and broken-down or 
grounded condenser. 


If a magneto is supplied, trouble may be in the 
magneto. 


_ Ignition troubles and tests are treated under the 
ignition instructions. See Index. 


A visual inspection and the application of tests 
already described will undoubtedly enable one to 
locate the fault. 


TERMINALS 


CONDENSER 


It} 
+ BATTERY: 


Fig. 2 Fig. 3 


Condenser broken down: Connect the negative 
(—) binding post of the battery to one terminal of 
the condenser (Fig. 2). Connect the positive (+) 
terminal of a battery to the (+) binding post of the 
instrument. Then, finally, complete the circuit 
from the 30-volt binding post to the other con- 
denser terminal. 


If the condenser is good, no indication will be 
obtained. If it is broken down, an indication will 
be obtained. 


Condenser grounded: Remove one connection 
from a condenser terminal and touch it to the con- 
denser case (Fig. 3). If an indication is obtained, 
that section of the condenser is grounded. Replace 
the connection to the condenser terminal and repeat, 
removing the connection from the other terminal 
and touching it to the case. See also Index, under 
“‘Condenser tests.” 


General Wiring Troubles 


Causes of trouble: Troubles in the general wiring 
of an automobile may be due to short circuits, 
grounds, open circuits, and poor connections. 
These faults can result from oil and water-soaked 
insulation, from damaged insulation caused by rub- 
bing of the wires against the metallic parts of the 
automobile, and from vibration of the automobile 
when in service. 


These faults can be located by visual inspection 
and by the application of the various tests already 
described. 


It is well to consult the manufacturer’s wiring 
diagrams before attempting to make any changes 
in the wiring. 
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TESTS OF A STARTING MOTOR WITH A METER (ALSO APPLICABLE TO THE GENERATOR 
EXCEPT THE OPEN-CIRCUIT FIELD TEST)! 


The subject of starting-motor troubles is also 
treated on pages 455, 517, 518. The purpose here is 
to explain first the common troubles of a starting 
motor and then how to make the tests. 


Starting-Motor Troubles 


Starting-motor troubles can be divided under two 
headings: 


1. Failure to operate. 


2. Operates slowly and without sufficient power to 
crank the engine. 


Causes of 1: Battery weak; open or short cir- 
cuits, or grounds may exist in wiring from battery 
to starter switch; sticking of starting switch (com- 
mon); mechanical troubles, such as a stuck Bendix 
drive gear, worn bearings, waste or foreign substance 
between armature and pole pieces; trouble with 
starter Mechanism. 


Test by examining each carefully. If none of 
these causes exist, then the trouble is an internal 
one of the motor, and may be due to an open cir- 
cuit in the motor armature or field. Tests are 
shown elsewhere. 


The trouble may also be due to a dirty commuta- 
tor, to grounded brushes, or to the fact that the 
brushes are not making good contact. Tests are 
shown elsewhere. 


Causes of 2: Battery discharged—test battery; 
poor contact at battery terminal or ground wire from 
battery to frame; poor brush contact; dirty com- 
mutator. Test. See also “Digest of Troubles.” 


The first test, however, which should be made, 
before making other tests, is to test the engine, to 
see if it cranks easily when cranked by hand. If 
the engine is stiff, it is probably using more than the 
normal amount of current, thus rapidly discharging 
the battery; or the engine may not start easily owing 
to carburetion or ignition trouble. 


The second test should be that of the battery 
(see Index under ‘‘Testing the storage battery’’). 


Failure of the engine to start when the starting 
motor is working satisfactorily: This may be due 
to failure of gasoline or spark. Test out as follows: 


(1) Ignition switch: Examine to see if “on.” 
(2) See that there is gasoline in the carburetor, 


and that it reaches the engine, by priming. If there 
is no gasoline in the carburetor, which can be deter- 
mined by depressing or raising the float to see if 
gasoline drips, then it is useless to waste current try- 
ing to start the engine with the starting motor. The 
gasoline may be used up, it may not be turned on, 
or the gasoline feed pipe or valve may be stopped up. 
If the system involves gravity feed, the gasoline may 
not flow into the carburetor on steep hills. 


(3) If there is gasoline in the carburetor, take 
out one of the spark plugs and lay it on the engine 
with the sparking point in the air while the engine is 
turned over by hand or by the starting motor. Also 
examine the spark plug points—they may be too far 
apart. q;” to ay" apart is about right. If a spark 
passes, the trouble is not in the electric system, but 
is probably caused by cold gasoline or the need of 
priming. 

(4) If there is no spark, then see “Digest of 
Troubles” and Index, and follow the diagnosis. 


1Taken by permission from the Weston Inst: i 
Coote eieee nstruction Book, 


Before an engine will start, there must be gasoline 
and a spark. 


If sometimes the gears mesh and the motor runs 
satisfactorily, and at other times it is impossible to 
mesh the gears, the motor refusing to turn when the 
contacts are closed, it indicates the possibility of an 
open circuit in the switch or starting motor. 


If the engine does not pick up immediately after 
two or three trials, even though the motoz turns the 
engine over, the trouble is in either the gasoline sup- 
ply; the spark plugs; the carburetor; or the igni- 
tion system. 


If the starting motor continues to run after the 
switch lever is released, see that the return spring 
on the switch, or switch lever, is strong enough to 
return the parts positively and fully to the “off” 
position. 


If the starting motor cranks the engine very 
slowly: Battery is almost discharged; battery may 
be sulphated; engine may be stiff; brushes may be 
loose or may make poor contact. © 


If the starting motor does not rotate at all: Bat- 
tery may be discharged; starting switch may not be 
making good contact; the motor brush may not 
make contact with the commutator; the battery 
terminals may not make good contact; switch con- 
tact may be poor. 

Owing to the high volume of current carried through starting 
motor brushes, if they are worn or not properly adjusted, the 
commutator may become pitted and cause excessive wear— 
result: failure of starting motor to operate properly or excessive 


sparking and weak motor. Remedy: Take the armature out 
and true up the commutator on a lathe. 


If the starting motor rotates but does not crank 
the engine: Roller clutch does not work properly 
(Delco system), or the Bendix drive is out of order ; 


gears may be improperly meshed; if a Bendix auto- 


matic, spring may be broken. See pages 320, 456. 


If the starting motor cranks the engine a few 
revolutions and then stops: Battery may be weak— 
almost discharged; a loose switch contact may 
exist. 


If the starting motor cranks the engine and the 
engine does not start: These symptoms indicate 
that trouble is not in the starting system. 


If the battery is all right proceed to examine the 
connections, beginning with the battery. The cur- 
rent may be shorted, because of electrolyte spilled 
over the top of it; or the terminals may be sul- 
phated, in which case enough resistance will be 
offered to the current to prevent proper operation. 


Scrape off the sulphate, wash surrounding metal 
parts in carbonate of soda or some other alkali. 


Clean the battery terminals inside with a round 
file; clean the wire terminal with a flat file; replace 
the wire, and draw connections tight. 


Next examine the ground connection of the bat- 
tery to the frame. This should be cleaned and 
tightened, if not soldered. Looseness here is a 
frequent cause of open circuit. Then examine the 
connections fil. vattery to starting motor switch: 
thence the*brushes to the commutator. Good 
battery and ground connections are very important. 
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Starting-Motor Troubles in Relation to 
Testing with a Meter 


The following tests are made with a Weston 
“model 280” instrument. 


Causes: If the starting motor does not operate, 
the fault may arise from several causes, acting 
separately or collectively. The more important 
causes are fully discussed in the following text: 


The battery: The battery is generally the most 
abused part of the starting and lighting system, and 
consequently may easily become discharged. In 
this condition it is not capable of supplying sufficient 
current to operate the starting motor. The hydrom- 
eter test should be applied, and if this condition 
exists, the battery should be investigated. See 
Index for ‘‘Storage battery tests.” 


_ Wiring and starting switch: Open circuits, short 
circuits, or grounds may exist in the wiring from the 
battery to the motor, including the starting switch. 
A common cause is sticking of the starting switch. 


Defective motor: The motor may not operate 
because of internal troubles. These may be an 
open-circuited or short-circuited armature or field, 
dirty commutator, brushes not bearing on the com- 
ae or grounded brush holders, armature, and 

eld. 


Mechanical troubles are not included in these 
tests. See “Digest of Troubles.” 


Testing for Trouble: Motor Will not Operate 


To locate trouble: If the battery is in good con- 
dition and the starting motor does not operate, 
connect the 30-volt range of the instrument to the 
terminals of the motor as directed in test V3, page 
470. Press down the starting switch. Quickly 
observe the indication of the instrument. 

Caution: Do not hold the starting switch down any longer 


than absolutely necessary to obtain a reading, as the battery is 
under a heavy strain which may damage it. 


Open circuit in wiring or starting switch: If no 
indication is obtained, an open circuit exists either 
in the wiring from the battery to the motor or in the 
starting switch. A visual inspection will locate the 
cause. ; 


Short circuits and grounds in wiring or starting 
switch: If an indication is obtained when the volt- 
meter is connected to the motor terminals, but the 

‘indication is much less than the normal voltage of 

the battery (test battery as directed in test V2, page 
470), the trouble may be due to loose connections 
at the battery, starting switch, or motor; or to 
grounded or partially short-circuited wiring. A 
visual inspection will locate these causes. 


Short circuits and grounds in motor: If no 
troubles are found to exist in the wiring, the cause 
must be in the motor. The faults as indicated by 
the instrument would be short-circuited or grounded 
armature and field, or grounded brush-holders. See 
under “Short Circuits” and ‘‘Grounds” for details 


of tests. 


Open circuits in motor: If an indication approxi- 
mately equal to the battery voltage is obtained with 
the voltmeter connected to the motor terminals, the 
motor is open-circuited. An open circuit may exist 
in the armature or field, or it may be due to the com- 
mutator being dirty or the brushes not bearing on 
the commutator. A visual, inspection will elimi- 
nate the last two faults. See under ‘“‘Open Circuits”’ 
for details of tests on other faults. 
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S IF OPEN FIELD 


Fig. 4. Test for an open circuit in the motor field which 
would cause the motor not to operate. Use 30-volt terminal 
and scale. 


To test for an open circuit in the motor field: See 
Fig. 4. Connect meter with the 30-volt terminal. 
Place voltmeter connections on one end of the field 
at (A) and the other at brush (B). Press starting 
switch (S). 


If an indication shows on the meter that is ap- 
proximately equal to the battery voltage, then there 
is probably an open circuit in the field, because the 
circuit would then be from (A), through the meter 
to (B), through the armature, to (B1), through the 
other field, to ground (G), to (—) of the battery. 


If no indication is obtained, then the field is good 
and the motor should operate if the battery is 
strong. If it does not operate, then the armature 
may be open, and this is discovered by another test. 
If the field is good, there would be (approximately) 
no reading, because the meter would be connected 
on one side of the line. Therefore this test would 
not tell definitely if the armature is open, but it 
would be sufficient reason to test for an open arma- 
ture. 


This motor-field test is not applicable to the 
generator-field test. 


Testing for Trouble: Motor Operates, but 
Slowly 


If the motor will turn over, but too slowly to start 
the engine, any one or more of the troubles already 
mentioned may exist, except the open circuit in 
fields. In other words, an open circuit could be in 
one or two armature coils, or a short in one or two 
armature coils, and the motor would operate to a 
certain extent. Therefore tests of armature and 
field troubles will be given, which are also applicable 
to the generator, except the meter test. of the open- 
circuit field of a generator, which is given on page 
502. 


Testing for open circuits in the armature: Con- 
nect the 30-volt range of the meter to the brushes, 
as shown in Fig. 5. Be sure that the brushes are 
bearing on. the commutator. Press the starting 
switch. 


If an indication shows on the meter and it is 
(approximately) equal to the battery voltage, then 
the armature is probably open. ‘The current would 
then flow through the meter from the battery around 
the armature. All of the armature coils may not be 
open; turn the armature slowly and observe. 
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To test each individual armature coil to localize or 
find the open-circuited coil, is then the next pro- 
cedure, if the armature is suspected of being open. 


Si: SWITCH 


VOLT METER 


Fig. 5. Testing for open circuit in armature. Use the 30- 


volt terminal and scale. 


Proceed as follows: Disconnect the fields from 
the armature, as in Fig. 6. Connect the brushes to 
a source of current, such as a single cell, and have 
a controlling resistor! in series to increase or decrease 
the current flow (see R, Fig. 6). Using the 3-volt 
range of voltmeter, measure between adjacent seg- 
ments of the commutator. 


& 


SERIES FIELD 


DISCONNECT 
FIELD Sa 


DISCONNECT 
VOLTMETER 


=S 


Fig. 6. Testing for open-circuited armature coils. Use the 
3-volt terminal and scale. When testing for short circuits in 
armature coils, use the .1-volt terminals and scale, This test is 
what is termed a “comparative test,” that is, the test points of 
the meter are placed on two adjacent bars all the way around 
the commutator, and the readings on each pair should be the 
same. Note resistor. 


GS 


If an open-circuited coil is across the ends of the 
meter test-points, then an indication will be ob- 
tained which is relatively large as compared to that 


obtained from a good coil (see page 498 for the rea- 
son of this). 


It is absolutely necessary that good contact should 
be had at the commutator segments in order to 
obtain reliable results. 


Note. This method can also be used when testing the gener- 
ator armature for open circuits 


Testing the armature for short circuits: Discon- 
nect the field from the armature. Connect for test 
to determine open circuits in the armature (Fig. 6), 
and try the armature for open circuits as already 
described. Now change the connection from the 
3-volt range to the .1-volt range and measure be- 
tween commutator segments. 


If a short circuit exists in any of the armature 
coils, the indication obtained, when the voltmeter 
test-points are connected to the ends of that coil, 
will be very much less than the indication obtained 
from a good coil (see page 498 for the reason). 


Note. This is one of the special cases when the .1-volt range 
should be used. 


If the indication is too large, decrease the current supplied 
through the brushes by increasing the controlling resistance.! 


This method is applicable to the generator. 


Caution: Good contact must be had at the commutator seg- 
ments in order to get reliable results. 


Testing fields for short circuits: Connect one 
cell with a regulating resistor (R) in series to the 
ends of the entire field, as in Fig. 7. (The field is 
usually made in two or more sections.) 


ARMATURE | 
DISCONNECTED 


FIELD SECTION 
FIELD SECTION 


RES! STOR 


Fig. 7. Testing the fields for short-circuits. 


I Use the 3-volt 
range to start with, 


Using the 3-volt range, measure the voltage 
across one field section. Transfer the voltmeter 
leads to the other section in turn. 


If on one of the sections no indication is obtained, 
that section is short-circuited, because there is no 
resistance offered by the field which is short-cir- 
cuited. If it were not short-circuited, then the 
reading would be that of the voltage drop, due to 
the resistance offered to the flow of current passing 
through the coil winding. The greater the number 
of turns and the smaller the size of wire, the greater 
is the resistance. Therefore if a short circuit exists, 
there would be less resistance, depending upon the 
number of turns short-circuited. 


_ 1 The purpose of the resistor is to furnish e 
in the circuit to cause sufficient voltage drop to obtain a satis- 


the circuit; by moving (A) up, resistance (R) is cut out of the 


See page 467 for explanation, and for information as 
to where resistor can be obtained, 
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If on one section the indication is very much less 
than on the other section, a short circuit very likely 
exists in that section, because these tests are in- 
tended to compare one coil with another, and, if 
good, they should have approximately the same 
readings. 

Note. If the indications obtained are less than .1 volt, the 
connection may be changed from the 3-volt range to the .1-volt 


range. This is the second special case where the .1-volt range 
can be used. 


This method is applicable to the generator. 
Testing the armature for grounds: Disconnect 
all intentional ground connections to the motor. 


Also disconnect the field from the armature. Lift 
the brushes off the commutator. 


COMMUTATOR 


APRUTA TORE 


VOLTMETER 


Fig. 8. Connections for testing for a ground in an armature. 
Use the 3-volt terminals and scale. 


Connect the negative (—) terminal of a cell (Fig. 
8) to a commutator segment, and the positive (+) 
terminal to the (+) binding post of the instrument. 
Complete the circuit from the 3-volt binding post 
to the armature shaft or motor frame. 

If an indication is obtained, the armature is 
grounded. The cause of the ground is very likely 
due to damaged insulation on the armature con- 
ductors. The armature should be carefully ex- 
‘amined for this. 

On one-wire systems of the two-unit type, a 
grounded coil will result in slow cranking and a 
materially reduced charging raté. 


In some starting and lighting outfits using motor- 
generators, two windings are placed on a single 
armature, each being brought out to a separate 
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commutator. One winding is for the motor and 
the other for the generator. A ground may develop 
between these windings. 


_ To test for such a ground the terminal of the 
instrument which was attached to the shaft or 
frame of the car should be transferred to the second 
commutator and the general directions followed. 
See also test-light test, page 497, Fig. 28. 


Testing the fields for grounds: Transfer the con- 
nection from the commutator segment to one end 
of the field. If an indication is obtained, the field 
is grounded. 


When the system is of the single-unit type, such 
as a motor-generator, both motor and generator 
fields are wound on the same field frame. It is pos- 
sible for these windings to develop a ground to one 
another. 


_ The method of testing for such a ground is to 
interpose the instrument and a cell between one end 
of each winding. If a ground exists an indication 
will be obtained. 


Caution: Be certain that the ends of the field coil are not 
touching the motor frame. 


CTE. 
frame a orien 
Zl 


Fig. 9 


When testing the field for a ground, be sure both 
field coil ends (E) and (EE) are disconnected from 
all terminals. Use the 30-volt connection as shown 
in Fig. 9. Place one test-point on (EE) and the 
other on the frame at (G). If deflection is shown, 
the coil is grounded and a new one must be supplied. 


Testing grounded brush-holders: This test is 
made in the same manner as the test for a grounded 
armature, except that the connections should be 
made between the shaft of the armature or frame of 
the car and each brush-holder. Insert a piece of 
cardboard between the brushes and the commutator 
before making this test. If an indication is ob- 
tained, the brush-holder is grounded. 


These tests are applicable to the generator. 


EXAMPLE OF HOW A STARTING MOTOR IS TESTED ACCORDING TO DATA GIVEN IN 
THE SERVICE MANUALS! 


Tn order to make certain facts clear to the reader, 
which are usually found in Service Manuals, we 
shall use some data from the Remy Service Manual 
on the test of a starting motor, model ‘‘118-A,” as 
follows: 

Speed, Torque, Current Data Table 


Starting Motor. Model 118-A, with Bendix drive. 


Torque 
(Pull with 6” Pulley) R.P.M. Amperes Volts 
(OMISE.S Maineetr ce 3750-4250 32-40 6.0 
Gilbsst Ne BIS 1500-1540 88-98 5.7-5.8 
BOUTS tak prexelarieetgs 1200—1400 110-120 §,5-5.7 
DAN ai Pegi eee tho. die oa 1020-1150 130-145, 5.4-5.5 
BB VOB. cca.» ators 800-1000 158-175 5§.3-5.4 


Torque of an armature is the momentum tending 
to turn it. In a generator, it is the momentum 
which must be applied to the armature to turn it in 


1See Ber erisericnts in the back of book for Service Manuals. 


order to produce current. In a motor, it is the 
turning momentum which the armature gives to the 
pulley or gear. The torque is greatest when start- 
ing, and is in proportion to the load. 


Observe that the data given above are for a torque 
test of a starting motor. Therefore we shall use a 
simplified torque test apparatus, consisting of parts 
shown in Fig. 10. 


AMMETER 
BATTERY: 


Fig. 10. Simplified illustration showing how a torque test 
of a starting motor is made. 
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The starting motor is placed in the stand (Fig 10) 
with a 6” pulley on it, and is first. given a ‘‘free 
running test’? and then connected with an adjust- 
able belt and two spring scales for making the 
“torque test.” 

The starting motor is then connected with a fully 
charged battery known to be in good condition (a 
6-volt battery in this instance), and an ampere- 
meter with a 300-ampere shunt is connected in the 
circuit as shown. A voltmeter is placed acrogs line. 


© 


19A. Speed Indicator. 


A speed indicator is used to. indicate the speed. 
On modern test stands, as shown on page 507, a 
tachometer indicates the speed, but in this instance 
a hand-type speed indicator (Fig. 10A) isused. The 
point of the speed indicator is placed in the end of 
the motor armature shaft, and the number of revo- 
lutions per minute is counted. 


Motor Free Running Test 


Note on the first line of the table, on page 489, 
that the torque is given as 0 lbs. at 3,750 to 4,250 
r.p.m., and 32 to 40 amperes at 6 volts. 


Procedure of test: The motor is placed on the 
stand with belt detached, that is, the motor is per- 
mitted to run ‘free.’ According to the second 
column of the table, the motor should develop 3,750 
to 4,250 r.p.m.; according to the third column of 
the table, the ammeter should indicate 32 to 40 
amperes under these conditions; according to the 
fourth column of the table, the voltmeter should 
indicate 6 volts. 


Motor Torque Test 


Note on the second line of the table (page 489), 
that the torque is given as 6 lbs. at 1,500 to 1,540 
r.p.m., and at 88 to 98 amperes at 5.7 to 5.8 volts. 
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Procedure of test: The belt is now attached, the 
motor started, and the wing nut tightened until 
the difference between the readings of the two 
scales is 6 Ibs. (that is, a pull of 6 lbs. is exerted by 
the motor). The speed should then be 1,500 to 
1,540 r.p.m.; the ammeter should indicate 88 to 98 
amperes, and the voltmeter should indicate 5.7 to 
5.8 volts. The test should be continued, using the 
various values of torque as given in the table. Note 
that the ‘‘value of the torque” refers to the difference 
between the readings of the two scales. 


An Explanation of Difference in Scale 
Readings 


Suppose that the upper scale in Fig. 10 reads 26 
Ibs., and that the lower one reads 20 Ibs. It seems 
at first that the motor is exerting a pull of 26 lbs. on 
the top scale; note, however, that the bottom scale 
is heloing the motor by pulling with a force of 20 
Ibs., and that therefore the motor itself is only pull- 
ing 6 lbs., or the difference between 26 lbs. and 20 lbs. 


Stalling or Locked Torque Test 


Procedure of test: Tighten the wing nut until 
the motor comes to a dead stop: this is termed 
“stalling” or “locked.” The difference in scale 
readings at this time gives the pull exerted by the 
motor. This pull should be very high, as it is the 
force. which, when the motor first starts a cold 
engine, breaks the oil film. . The amperage will also 
be very high. 


Therefore, note that with a series-wound motor, 
the greater the load, the greater the amperage 
consumption and the less the speed. Also note 
ere the greater the load, the greater the voltage 

rop. 


Such data as these are given in the Service Man- 
uals referred to in the advertisement in the back of 
this book. 


EXAMPLE OF HOW A GENERATOR IS TESTED ACCORDING TO DATA GIVEN IN THE 
SERVICE MANUALS : 


The Remy generator (relay regulated type) 
model “16-A”’ is used as an example. 


Speed, Current Data Table 


Generator without ignition. 


f Model 16-A, using relay regu- 
lator regulation, 


Amperes R.P.M Volt 
0. 370 6.0 
Gi 490 6.5 
14.2 2200 6.9 


On “battery test,” field draws 3 to 3.5 amperes at 5.9 volts. 


“Generator motoring,” draws 4 to 4.5 amperes, 5.8 volts and 
runs at 430 R.P.M. 


Note that in the table there are given three 
methods of testing: 


1. By driving the generator on the test stand and 
connecting it to the battery through the cut-out, 
as if on the car (Fig. 11). 


2. By making a “battery test” of the amount of cur- 
rent drawn by the shunt-field windings, by con- 
necting a battery across the shunt-field circuit 
with armature disconnected (Fig. 12). 


3. By “motoring the generator,” that is, by running 
the generator by the battery free, without a load, 
Le., with no tight bearings or binding at any 
point (Fig. 13). 


_ Voltmeter 


we ee eS ee ee 


Fig. 11. Testing a generator by driving the generator. 


Method 1: By driving the generator at a speed 
of 370 r.p.m., “0,” or zero amperage, would be indi- 
cated (see table); but 6 volts is the voltage that 
should be indicated. The cut-out points (P) (Fig. 
11) would be open, as the speed is not great enough 
to produce pressure sufficient to close contact-points 
C2), ANG 490 r.p.m., 7 amperes and 6.5 (614) volts 
should be indicated. The cut-out points (P) should 
close, and the generator would charge the battery. 
At 2,200 r.p.m., 14.2 amperes (maximum) and 6.9 
volts would be indicated. The ampere-meter is 
pee in Ere the circuit indicated above, 

in Fig. 11, voltmeter is plac ir- 
cuit, to indicate the voltage. pater dase) 
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O test 
Voltmeter petal 


Field Coil 


TEST POINT Ammeter 


Fig. 12. Testing a generator by observing the amount of 
current taken by the shunt-field winding. 


Method 2: By connecting a battery to the shunt- 
field winding terminals (Fig. 12) with an ammeter in 
series with the circuit, the ammeter should show 3 
to 3.5 amperes. With a voltmeter across the cir- 
cuit, as shown in Fig. 12, it should indicate 5.9 volts. 


Generator 


\ 


Fig. 13. Testing a generator by ‘‘motoring” it. 

Method 3: By connecting this shunt-wound 
generator to a fully charged battery (Fig. 13) with 
the armature and all brush connections complete, 
and with an ammeter in series with the circuit and 
a voltmeter across the circuit, the generator running 
as a motor (termed “motoring-generator’”’) should 
draw 4.0 to 4.5 amperes, and the voltmeter should 
indicate 5.8 volts; the generator operating as a 
motor should run at a speed of 430 r.p.m. 
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Generator Trouble Indications when ““Motor- 
ing’’ a Generator on the Test Stand 
(Ford Generator as an Example) 

The following tests and determinations may be 
made with an ammeter in the circuit and a generator 
connected with the 6-volt battery. Preferably 
one which has been in use is used, and the connec- 
tions are made as shown in Fig. 14, 


GENERATOR TERMINAR 
GENERATOR 


=! 


GROUND 
TO VISE 


er 


Fig. 14. Connections for motoring generator. 


1. The correct reading is from 2 to 4 amperes, the 
generator running at a slow, steady speed, with no 
arcing at the brushes. 

2. A heavy discharge, with the hands going 
beyond the limit of the instrument, indicates trouble 
in the head, such as the third brush not seated, fields 
open probably at the third brush or ground connec- 
tion, the third or positive brush-holder or pigtail 
shorted. To prove an open field, raise the third 
brush and connect (A) to it. If open, no reading 
will be shown on the ammeter. 

3. No reading on the ammeter indicates a dirty 
commutator or the brushes not seated upon it, 
because of the brushes sticking in the holders, or being 
worn too short to make proper contact, or sprung 
out of shape so one or both press against holder. 


4, The ammeter fluctuating between 18 and 20 
amperes, indicates short circuits in the armature. 


5. The ammeter reading 6, with a higher r.p.m., 
indicates a shorted field. 


6. If the ammeter is normal, but there is a decided 
flash at one point on the commutator, an open arma- 
ture is indicated. ‘Turn the armature over by hand, 
one segment at a time; if there is a point where the 
armature will not start to rotate, that coil is open. 


COMMUTATOR TROUBLES AND TESTS 


Commutator troubles can be classed under three 
headings: (1) those due to defective manufacture; 
(2) those due to surface wear or deterioration in 
service; (3) those due to a dirty or burned commu- 
tator. 


Defective commutators may be grounded, may 
have a short circuit between the segments, or may 
have loose segments or high mica, or loose brush- 
holder springs. 


Sparking at the brushes will be caused by any of 
the causes mentioned above, or by loose pigtails, or 
by loose connections of wires to the brushes, by 
sticking brushes, by overloading of the generator, 
and by short circuits in the armature windings. 


If the commutator is dirty, and if grease and car- 
bon dust have accumulated between the commutator 
segments, to such an extent that the bars are 
shorted, excessive sparking will be the result, and 
no current, or very weak current, will be allowed to 
pass. 


Examine the Commutator 


First, examine the commutator to see if it is dirty, 
and if it consequently prevents proper contact be- 


tween the brushes and the commutator bars. If it 
is all blackened and covered with grease, no cur- 
rent, or a very small current only,will be allowed 
to pass. 


Cleaning Commutator 


If the trouble is due to grease and dirt only, it 
can easily be cleaned. Start the generator, and 
while it is running, hold a piece of cloth dampened 
with gasoline against the commutator bars to 
remove the grease. 


Next, use a finely pointed tool and clean out any 
dirt or grease that may have accumulated between 
the commutator bars. 


Sanding the Commutator 


If the commutator is dirty, caused by excessive 
sparking, it will be-necessary to sand it by the use of 
a very fine piece of sandpaper, not coarser than No. 
00, held against the commutator (rough side down) 
while the generator is running. Never use emery 
cloth. 


The strips of sandpaper should be a little wider 
than the brush (Fig. 15) and wrapped around the 
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BRUSH 


SANDPAPER 
STRIP 


SANDPAPER 
STRIP 


, 
RIGHT WAY WRONG WAY 


Fig. 15. Right and wrong way to sand a commutator. 
commutator so as to make contact with at least 
half of its circumference. Fig. 15 shows the correct 
method on the left and the incorrect method on the 
right. 


Worn Commutator Bars 


The next source of trouble may be a very badly 
worn commutator, which would allow the mica 
between the bars to become flush with the surface 
of the bars. The mica should be kept slightly below 
the surface of the bar (which is done by undercutting 
the mica as explained farther on). 


Mica Protruding 


If the mica insulation between the commutator 
bars becomes flush with the bars, the brushes can- 
not make good contact, and this causes arcing or 
sparking, which burns away the bars until they are 
below the level of the mica which then protrudes. 
This not only prevents the brushes from making good 
contact, but the bars are pitted and become very 
rough. Fig. 16A shows the appearance of a commu- 
tator with protruding mica. 


wai 
Fig. 16 Fig. 16A 
Fig. 16. Mica correctly undercut. 


Fig. 16A. High mica before cutting, 


This trouble is more common on generators. On 
starting motors, where brushes do not make con- 
tact, the commutator becomes rough and causes 
arcing. The mica is not undercut on a motor 
commutator, but if rough, it is put in the lathe and 
turned down with a very sharp lathe tool to take a 
very fine cut off the surface of the commutator. 


Dressing Commutator Down and Undercutting 
the Mica 


To remedy protruding mica: Remove the arma- 
ture and very carefully true or dress it up on a lathe, 
as in Fig. 17. Then cut out the mica between the 
bars with a hack-saw blade, the sides of its teeth 
having been ground off so that it will cut a groove 
slightly wider than the mica insulation, as in Figs. 
18A and 19. This will leave a rectangular groove 
free from mica; the depth should be about 1/32”, 
It is important that these spaces be free and clear of 
all foreign matter. 


The edges of the slots should then be slightly 
beveled, using a three-cornered file (Fig. 18) in order 
to prevent any burrs remaining, which would cause 
excessive brush wear. 


When properly finished, the commutator will 
have the appearance shown in the illustration (Figs. 
16 and 19). 


Note. The mica can also be cut by placing a special tool in 
the lathe and moving it laterally as a planer (Fig. 17). 


Fig. 17. Dressing down a commutator on a lathe when it is 
very rough, or when mica protrudes above the commutator bars. 


“SEGMENTS 


\ hove 


CORRECT 


WAY 
MICA MUST BE CUT 
AWAY CLEAN BE7T- 
WEEN SEGMENTS 


Fig. 19 
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\ 
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MICA MUST NOT ‘BE 
LEFT WITH A THIN 
EDGE NEXT 
SEGMENTS 

Fig. 19A 


COMMUTATOR 


STARTING GROOVE /N 
MICA WITH 3-~ 
CORNERED FILE. 

Fig. 18 


SLOTTING MICA WITH 
PIECE OF HACKSAW 
BLADE, 


Fig. 18A 


The blackened and burned appearance of the 
commutator is not always. caused by high mica. 
The same effect may be caused by having brushes of 
improper size or material, by an insufficient spring 
tension on the brushes, by an overload on the 
generator, and by an open or short circuit in the 
generator windings;| or, where there are two wind- 
Ings on one armature with two commutators, by a 
short circuit between the motor and generator 
windings. 


Commutator and Other Noises 


Protruding mica and improperly seated brushes 
produce a noise which can easily be detected. 


Noises are sometimes due to bent armature shafts, 
broken balls, or worn bearings. If an improperly 
seated brush causes the noise, it can sometimes be 
eliminated by setting the brush to one side with a 
small stick. Do not use a screwdriver. 


Do Not Use Grease on the Commutator 


It is unnecessary to lubricate either a generator or 
a motor commutator, as the grease or oil mixes with 
the carbon dust from the brushes. This will soon 
soak into the mica insulation and form a path be- 
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tween the bars, thus short-circuiting the commuta- 
tor bars, and, consequently, the armature coils con- 
nected with them. This is common on old genera- 
tors where the bearings wear and permit oil to pass 
into and on the commutator. 


Loose Commutator Connections 


One can tell if the generator is generating its 
proper output by observing the dash ammeter. One 
should learn just what the maximum output should 
be. If it generates a very low amperage, say about 
2 amperes, and then at times none at all, the trouble 
may be due to a loose connection and sometimes 
that loose connection is at the point where the end 
of the armature coil is soldered to the segment 
of the commutator, which, although apparently 
securely soldered, may be loose. Furthermore, it 
may not be loose when stationary, but when it is 
revolving, the connection is thrown loose by centrif- 
ugal force. 


One method of testing is to use a test light and 
test points. Place one test point on the commutator 
segment connected with the suspected loose arma- 
ture coil and the other on the segment 180° apart, 
or on the extreme opposite side of the commutator, 
which is the other end. On passing the current 
through the armature coil in this manner, there will 
probably be a slight spark or are at the point where 
loose. Test all segments in like manner, and 
resolder any that are loose. 


Another Commutator Trouble 


High segments in a commutator, the result of the 
commutator having been turned or dressed down 
eccentrically with the armature shaft (out of round), 
will cause the generator to produce weak current or 
none at all, especially at high speeds, owing to the 
brushes not making good contact. 

The test for these two conditions is to press on 
each of the commutator segments at both ends with 
some blunt instrument. If there is the slightest 
movement at either end of a segment it is loose, and 
a new commutator will have to be installed. 

To determine whether or not the commutator is 
_ running true with the armature shaft center, whittle 
a piece of crayon to a point and, with the generator 
running, bring it slowly up against the surface of 
the commutator. If it is out of round with the 
armature center the chalk will mark the high spot 
and leave the low side unmarked, provided the test 
is carefully made. 

If the commutator is out of true, re-turning, using 
the correct size of ball bearings as supports, will be 
necessary. 

Besides the foregoing a few other causes will give 
rise to the same effect. Among these are weak 
brush springs, sticking brush-holders or brushes, 
connections which are not tight enough and which, 
vibrating at certain critical engine speeds, introduce 
a resistance into the exterior line. 

It may also be possible that the armature windings 
are not secure in the slots, and that, at high speeds, 
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one of the coils moves a trifle and, coming in contact 
with the iron of the armature coil, forms a ground. 
As the armature slows down, the natural spring of 
the coil brings it back to a normal position in slot 
and causes the armature to show “‘clear’”’ when tested. 


Testing for a Dirty or Rough Commutator 
with a Voltmeter 


Connect the voltmeter terminals so that the volt- 
meter will read 0 to 30 volts as shown in Fig. 20. 
(The construction of this Weston voltmeter is shown 
on page 468.) 


Fig. 20. 
a voltmeter. 


Testing for a dirty or rough commutator with 


The positive (+) terminal of the voltmeter is con- 
nected to the positive (+) wire of the generator. 
The other terminal from the voltmeter which has a 
test point (TP) at its end, makes contact with the 
frame of the generator at (Y) (this being a grounded 
or return-wire system). 


Then speed the engine up to a speed correspond- 
ing to a car speed of 10 to 15 miles per hour. The 
voltmeter should show slightly over 6 volts and the 
cut-out (V) should be closed, showing ‘“‘charge” on 
the dash ammeter or indicator. 


If the voltmeter does not show slightly more than 
6 volts, this indicates a dirty or rough commutator, 
or else an open circuit in the shunt field. Press 
down lightly on the brushes while the generator is 
running, and if this causes the voltmeter to indicate 
and the cut-out to close, the trouble is due to bad 
carter” which can be remedied as just men- 
tioned. 


If the voltmeter cannot be made to indicate and 
the cut-out point (P) fails to close by cleaning the 
commutator and pressing on the brushes, the trouble 
is probably an open circuit in the shunt-field winding, 
which will have to be repaired locally or sent to the 
factory. 


If the voltmeter does show 6 volts or more, by 
pressing down on the brushes, or by cleaning the 
commutator and brushes, but the cut-out will not 
close, it means that the cut-out is not in proper 


adjustment, and a new one should be provided if it 


is defective internally. The trouble may be due to 
loose connections on the cut-out, or to disarrange- 
ment of the contact-points, which can be examined 
and tested. See Index under “Testing cut-outs.” 


If the commutator is dirty then clean it. The 
probabilities are that the mica is protruding. This 
can beremedied as explained in preceding paragraphs. 


BRUSH TROUBLES AND TESTS 


Brush troubles are very common. Some of the 
troubles are: brushes sticking on their holders, 
brush springs not préssing on brushes with proper 
tension, loose brush-holders, loose connections to 
brushes, improperly seated brushes. 


Brush and Brush Rigging 


The open circuit is often caused by one of the 
brushes sticking in the brush-holder, from dirt. 


The remedy is obvious, that is, to clean the brush 
thoroughly and see that it moves easily in the brush- 
holder under the regular action of the spring. 


No Spring Pressure 


The brush spring may not have sufficient tension 
to hold the brush in contact with the commutator 
with sufficient force to give a good contact. This 
not only will show a partial or full open circuit, due 
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to insufficient contact pressure, but it will be the 
cause of serious sparking between the commutator 
and the brush, and will soon burn and blacken the 
commutator so badly that a full open circuit will 
result, and no current will be generated at all. 


A new spring with sufficient tension is thebest way 
of repairing this trouble. The tension should be 
strong enough so that when the brush is pulled off 
the commutator by means of the pigtail, and then 
released, the spring pressure snaps it back freely on 
the commutator. Too much spring pressure has 
the effect of rapidly wearing out both commutator 
and brush, but is better than too little spring pres- 
sure. 


The approximate average brush-spring tension on starting 
motors is 1 to 114 Ibs., and from 12 to 18 oz. on generators. 


Brushes Too Short 


If the brushes are allowed to go too long without 
replacement, and are worn so short that the spring 
pressure~is reduced very considerably, the same 
troubles will result. Be sure in replacing brushes to 
use only those of such a make as are recommended 
by the manufacturer; otherwise you are likely to 
have repeated troubles with both brush and com- 
mutator. 


Broken Brush Connection 


An open circuit will be caused by a poor or broken 
brush lead, or pigtail connection. In general, see 
that the brushes move smoothly in the brush-holders 
and that the springs press firmly and squarely on 
the top of the brush. 


Fitting Brushes 


The brush must always make good contact with 
the commutator; it should have sufficient spring 
tension to press the brush to the commutator, yet 
move freely. 


Seating Brushes 


When fitting new “generator” brushes, it may 
happen that they do not always fit the commutator 
perfectly, that is, they are not rounded to the curva- 
ture of the commutator surface. 


This can be remedied by placing the rough side of 
a strip of No. 00 sandpaper under the brush, when 
it is in its brush-holder (each brush separately), and 
working the strip back and forth, holding the ends 
close together as in Fig. 21, so that it will conform 
with the curvature of the commutator. The entire 
surface of the brush must be treated, otherwise it 
will be uneven. The “pigtails,” or brush connec- 
tions must also be kept tightened. 


_ When fitting “motor” brushes, the same method: 
1s applicable, but something harder than sandpaper 
must be used. A strip of carborundum cloth can 
be used on the “motor brushes,” but sand-cloth 
should be used on the “motor commutator.” It 
is Seldom necessary to cut mica down on the motor 
commutator, 


SANDPAPER STRIP 


Correct meth 
sanded side of the sandpay 
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SANDPAPER STRIP 


Fig. 22. Incorrect method. Note that only part of the 
brush is being seated. If held in position as above, the ends of 
the brushes are worn off, through the upward pull of the sand- 
paper; also the brush is subject to being pulled off the commu- 
tator while it is being sanded. 


The motor brushes should be “sanded in,” to 
avoid brush squeak which occurs sometimes as a 
result of a rough or irregular commutator surface, 
or grooves in the brushes. For this reason, if the 
motor commutator is rough, it is desirable to smooth 
it up, and then “‘sand in” the brushes at the same 
time that the mica on the generator commutator is 
undercut. If it is excessively rough, turn the com- 
mutator down in a lathe, being careful not to remove 
any more copper than is absolutely necessary. 


On most of the Delco machines it will be found 
possible to “sand in” the upper and lower brushes 
by this method separately; but in a number of cases, 
on account of the construction of the machine, it 
is advisable to “sand in” both motor brushes, as 
well as both generator brushes, at the same time. 


Spotting in Brushes 


On some generators it is not possible to “sand in” 
the brushes in the manner explained above, because 
the brush arm is too short. In this case, the brush 
should be placed in a brush-holder and let down 
firmly on the commutator. Then “motor” the 
generator by running it from the battery as a motor. 
Then disconnect battery and remove brushes, leay- 
ing the “‘high spots.” These can be scraped down. 


Seating the Delco Flexible Brush 


The design of the flexible generator brush arms 
and the third brush carrying a thermostat, used on 
many Delco four-pole round types of motor-genera- 
tors and generators is shown in Fig. 23 (a later 
design is shown in Figs. 23B and 23C). Instead of 
the brush arm being rigid, it is made quite flexible 
by the use of a thin piece of phosphor bronze between 
the body of the brush arm and the carbon brush. 
Damage to the commutator is prevented, in case of 
brush breakage, by the insulating safety plate on 
the end of the brush arm, this plate being loosely 
mounted by the special heads of the screws securing 
the brush to the brush arm. 


WEDGE AND 
BRUSH-ARM SUPPORT 


COMMUTATOR 
SANDPAPER 


Fig. 23 


Fig. 23A 


Fig. 23. Front, or commutator end vi f D 
showing the flexible brush arms, ig te pares 


Fig. 23A. Aside view showing brush seated on comm . 
Hig 5 ommutator. 
This model is now replaced by those shown on the next ie 
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It is very important to have this type of brush 
fully seated on the commutator. The brush cannot 
be properly sanded in by the usual methods of sand- 
ing brushes. It is necessary to place wedges be- 
tween the brush arm body and the phosphor bronze, 
as shown in Fig. 23A, to prevent the flexible action of 
the brush arm during sanding. These wedges 
should be just thick enough to fit in place without 
falling out, approximately .075’. A strip of fine 
sandpaper or sand-cloth may then be used to seat 
properly one brush at a time. 


Another very successful method is to remove the 
end housing carrying the brush arms, so that a strip 
of fine sandpaper may be wrapped snugly once or 
twice around the commutator, gluing the overlap- 
ping edges of the sandpaper to secure it. The end 
housing may then be replaced and all three brushes 
properly sanded at the same time. This operation 
should cause the brushes to have a full seat on the 
commutator. 


Remove the wedges in the brush arms and the 
sandpaper after the operation is completed. 


The Delco Later Design of Flexible Brush 
Arms with Stops 


A later design of Delco flexible brush arm with 
stops is shown in Figs. 23B and .28C. 


The brush should always be assembled on the 
inside of the arm as shown. 


brush 
z stop. 


thermostat 


wedges 
for 


sanding 


23D 


23¢ main brush 


Figs. 23B, 23C. Later design of Delco flexible brush arms 
with stops. 


Fig. 23D. Showing how the brush should be seated. 


Always replace all three brushes whenever inspec- 
tion shows that the grounded brush has worn so 
short that its brush stop, coming into action, may 
soon keep the brush from contact with the com- 
mutator. ‘This is the brush (on the Cadillac using 
No, 162 Delco motor-generator) which is on the 
right side of the commutator viewed from the front 
of the car, 


Geen) 11 hee 
Fig. 23E. Dimensions of wedge for the third-brush arm. 
Fig. 23F. Dimensions of wedge for the main-brush arms, 


495 


It is very important to have this type of brush 
seated on the commutator, at least to the extent 
shown in Fig. 23D. The brush cannot be properly 
“sanded in” by the usual method of sanding 
brushes. 


It is necessary to place wedges between the brush 
arm body and the bronze blade to which is attached 
the brush. ‘Two sizes of wedges are necessary, one 
size for the main-brush arms, and the other for 
the third-brush arm, owing to the difference in 
es between the body of the arm and the bronze 

ade. 


These wedges are shown in Figs. 23E and 23F. 
Figs 23B and 22C show their application to the 
brush arms. These wedges prevent the flexible 
action of the brush arms during the sanding opera- 
tion, keeping them rigid, and giving a seat more 
nearly over the entire brush. 


These wedges should be just thick enough to fit 
in place without falling out, approximately .080”’ 
for the main-brush arms (23F), and .125’ for the 
third-brush arm (23E). It will be found that the 
distance between the body of the arm and the bronze 
blade varies in some assemblies. It will be neces- 
sary in these cases to make the thickness of the 
wedges a little less by filing, or a little more than 
specified above by wrapping a couple of turns of 
paper around the wedges. 


To sand the brushes after the wedges are properly 
fitted to the brush arms, wrap a 1” strip of sand- 
paper, or sand cloth, snugly once or twice around 
the commutator, glueing the overlapping end to 
secure it. A drop or two of glue should be put on 
the commutator previous to putting on the sand- 
paper to hold the paper in place and prevent it 
from slipping during the sanding operation. The 
sandpaper should be wrapped around the com- 
mutator in a counter-clockwise direction, looking 
at the armature from the generator-commutator end. 


After the glue has dried a few minutes, place the 
end housing carrying the generator brushes on the 
armature shaft and lower the brushes down on the 
sandpaper which is around the commutator. To 
prevent chipping of the edges, do not snap the 
brushes down on the commutator. Hold the arma- 
ture in a vertical position with the housing at the 
top and revolve the housing in a counter-clockwise 
direction. This will sand all three brushes at the 
same time. When proper seating is accomplished, 
raise the brushes, remove the housing from the 
armature shaft and the sandpaper from the com- 
mutator, Avoid waste of brush material by being 
careful with this operation. Remove all glue from 
the commutator by sanding and remove the wedges 
from each of the brush arms. 


To determine the seating of the brushes, mount 
the housing on the armature again as was done in 
sanding; revolve the housing several times with 
the brushes on the commutator. Then remove the 
housing as after the sanding operation, and inspect 
each brush seat, which is shown by a polished surface. 


If at least a 75 per cent brush seat is not obtained, 
the wedges should be inserted again and the brushes 
reseated until a good seat is obtained. It may be 
necessary to make the wedges slightly thinner, or 
thicker, according to whether the seat is on the heel 
or toe of the brush. 


It is very important that good brush seats be 
obtained before installing the generator on the car. 
If good seats are not obtained, a change in the charg- 
ing rate will result as soon as the brushes become 
thoroughly seated. 
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Setting Motor Brushes 


Motor brushes should be set at the position of 
least sparking when the machine is carrying fullload. 
This position will be located a short distance back 
(in the direction opposite to rotation, instead of with 
direction, as on a generator) from the neutral plane. 


To set motor brushes in the correct position, place 
the machine on a block test and apply a load approx- 
imately equal to that which it is normally required 
to carry. (This load will be about 40 lbs., on a 
pulley of 6” diameter, or 10 ft. Ibs. for starting 
motors.) 


The speed of a motor is greatest when the brushes 
are at the neutral plane, and decreases as they are 
moved away from that position. The voltage of a 
generator and speed of a motor can be changed con- 
siderably by moving the brushes, providing the 
machine is not too heavily loaded so that it will not 
spark badly. 


Tn the absence of a torque-testing device, a good 
method for setting brushes on a starting motor is 
to place the motor on a “free running” test, no load 
(connected with battery), and to hold the shaft by 
hand, with a rag (Fig. 24), so as to offer more or less 
resistance; then shift the brushes to a point where 
they do not spark. 


Setting Generator Brushes 


If the generator will not come up to voltage, and 
the trouble is not due to improperly seated brushes, 
and the third brush is properly adjusted, set the 
brushes on “neutral” and then shift to the best posi- 
tion. See page 360, relative to neutral position. 


Note. Use only brushes recommended by the 
manufacturer. 


Fig. 25. Showing incorrect setting of brush on commutator. 


Brushes should be set parallel to the commutator 
segments. Improperly seated brushes will act like 
a cut-out which is not working properly. 
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Brush Care 


Once or twice a season the springs holding the 
brushes against the commutator should be raised 
and the brushes examined, to see that they operate 
freely in their holders. Oil or dirt should be re- 
moved with a stiff bristle brush and gasoline. 


To Clean the Brushes 


It is not necessary to remove them from the 
holders. Lift the brushes and wipe off the surface 
with a piece of cloth dampened with gasoline. 


If the brush surface is apparently rough, then use 
sandpaper to fit them to the commutator, as shown 
in Fig. 21. 


No lubricant is to be used on commutators, as the 
brushes are usually self-lubricating. Application of 
vaseline or grease is harmful, as all forms of grease 
possess insulating qualities to a greater or less extent. 


Miscellaneous Brush Troubles 


When spring tension fails, the brushes are worn 
too short, the tension is not adjusted or has been 
thrown out, through heat, or the springs themselves 
may be broken. 


When the brushes stick, it may be due to binding 
or to dirt and grease. A little gasoline may tend 
to loosen them. When the brushes do not fit the 
brush-holders it is a matter of manufacture. 


Overheating of brush-holders is caused by the 
sparking due to ill-fitting brushes or to the absence 
of brush lead connection and to lack of sufficient 
pressure on the brush. 


Sparking at the brushes: If there is any sparking, 
or if the commutator becomes dull, it may be that 
the brush-holder springs are too loose, or there is 
excessive vibration, which may be due to a bent 
shaft, an unbalanced gear pinion, or to defective 
mounting. Brushes should be kept in perfect con- 
tact with the commutator, and it is advisable to use 
only the kind recommended by the manufacturer. 


It may be found that where the generator is also 
used as a starting motor (on motor-generators), 
sparking will in time develop at the commutator. 
This is due to the arcing of the heavy starting cur- 
rent at the trailing edges of the brushes, and the 
trouble may be eliminated by filing down their 
contact surfaces. 


Carbon dust (providing carbon brushes are used) 
may be worn from brushes by the commutator and 
deposited in the lower part of the generator. This 
ought to be blown out with air, otherwise it might 
cause a ground. 


ARMATURE TROUBLES AND TESTS 


In the preceding pages, the subject of “commu- 
tators and brushes’? was treated. This is usually 
the first place to look for generator troubles. 


Other troubles are: 


_ Evidence of trouble: In all probability, trouble 
in the generator will be clearly shown by failure 
to generate a terminal voltage. The first warning 
of such a trouble would be the absence of an indica- 
tion on the ammeter or indicator on the dash of 
the automobile, provided one is furnished with the 
automobile. 


Causes: The causes of failure to generate a volt- 
age may be due to (1) open circuits, short circuits 


and grounds in the field or armature of the generator; 
(2) the commutator may be dirty, or the brushes 
may not bear on the commutator, or the commutator 
may be worn; (3) the brushes may be grounded. 


Locating Armature Troubles 

Armature windings may be burned out or 
grounded. When burned out, the trouble may be 
due to a current overload, caused by improper regu- 
lation, a soaked winding, or a steady and prolonged 
return flow from the battery, due to failure of the 
cut-out contact points to open. 
ture winding is due to defective insulation, 


Armature troubles are Sometimes found in the 
attaching leads at the commutator segments, 
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solder attaching them may be thrown off in revolv- 
ing. They can be soldered back to the segment by 
an electrician. 


Dim lamps, low voltage, and undercharged bat- 
tery might be the result of armature trouble. One 
of the armature coils might be short-circuited, or 
burned out, or a connection might be loose or 
broken. 


Any defect in the armature will be indicated by 
an uneven torque, if it is operated as a motor. In 
the case of the generator, this may be very easily 
tested by disconnecting the driving mechanism, 
holding the cut-out points closed, and allowing the 
generator to operate as a motor. If everything is 
all right the armature will rotate evenly and in the 
same direction as when it operates as a generator. 


Whether the torque is even or not may be deter- 
mined by holding the end of the armature shaft in 
the hand, and noting whether the pull is steady in a 
manner similar to that described in Fig 24, An 
uneven puli means that one or more of the coils is 
not working; it is just like an engine with a missing 
aes See also Index under ‘‘Motoring genera- 

or. 


If an armature coil is burned out or there is a 
broken connection, the armature will invariably 
stop at a certain point; if this is the case, the com- 
mutator segments between the two ends of the coil 
will also be burned. Sometimes the broken connec- 
tion occurs at the junction between the commutator 
bar and the coil, in which case the remedy is to 
resolder. All other armature defects should be left 
for the factory to remedy. 


No current in the generator may be due to an 
open fuse in the field circuit, the third brush not be- 
ing properly seated, or to the main brushes not mak- 
ing good contact, or to a broken connection, to a 
short circuit, or to broken driving mechanism. The 
last trouble should be looked for first. This simply 
means that the generator driving shaft should be 
tested to determine whether it is solidly connected 
to the engine or not. It is possible that one of the 
driving keys has sheared off, or that the driving 
gear, chain, or belt, as the case may be, has failed. 
See also ‘Digest of Troubles,” page 454. 


Loss of Residual Magnetism 


The magnetism that remains in the steel or iron 
field poles and frame after the field current is cut 
off is called “residual magnetism” (see also Index). 
Sometimes the generator loses its residual magnet- 
ism. 


When a repaired generator has been installed, and 
possibly with the field coils reversed, the residual 
magnetism left in the field poles would not correspond 
with the magnetism in the field coils; or when the 
generator has been in operation for some time with 
the field fuse out of the clips; or if the generator 
has been operated with the battery disconnected, 
and the generator terminal grounded, according 
to the usual instructions, it may be necessary to 
excite the field before the generator will show charge. 
This is accomplished by momentarily closing the 
cut-out points so that the battery will discharge 
through the generator, thus exciting the fields. 


the field can be excited by 


the lower fuse clip to a 
metal part of the generator. Best, results will be 
obtained with the engine running slightly above an 
idling speed, and if the operation 1s continued 


for several minutes after charging begins, 


On some generators, 
momentarily connecting 
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Submerged Motor-Generator 


The generator must be kept free from excessive moisture. 
Ordinary moisture will not affect it, but it should not be allowed 
to become thoroughly wet, such as would be the case if the 
generator were to become submerged under water. This is 
likely to happen while fording a stream. If the generator is 
wet, it should not be operated until it is thoroughly dried out. 
This can be done by removing it from the car and baking 24 
hours in an oven whose temperature does not exceed 220° Fahr. 
A higher temperature in the baking oven would damage the 
insulation, 


Testing Armatures for Grounds and Short 
Circuits with Test-Light 


There are several methods for testing armatures. 
They can be tested with test-lights and test-points, 
with a meter, or with a growler. 


In this example we shall make use of the high- 
voltage test-light and employ the Delco motor- 
generator armature, in which there are two commu- 
tators and two windings on armature. These tests 
will also apply to other armatures, or where there is 
but one winding and one commutator, with the ex- 
ception of the test in Fig. 28, which isa short-circuit 
test between two windings on the Delco armature. 


When making tests for grounds in armature wind- 
ings, or short circuits between them, or short circuits 
between generator and motor armature winding, 
raise the brushes and insulate them from the com- 
mutator with pieces of cardboard. 


A grounded generator armature coil will result in 
slow cranking and materially reduce the charging 
rate. (Note that the motor and generator winding 
is on one armature in this Deleo armature, which is 
used as an example). 


GENERATOR COMMUTATOR 
MOTOR COMMIITATOR 


GENERATOR COMMU TATOR 
MOTOR COMMUTATOR 


—estal 
POIN 
TEST 
POINT 
WOVOLT 
LAMP" NovoLt (8) 
LAMP 


\JO VOLT A.C.OR D.C. 
Fig. 26 


NOVOLT A.C.ORD.C, 
Fig. 27 


GENERATOR COMMUTATOR 
MOTOR COMMUTATOR 


NO VOLT DC.ORAS, 
Fig. 28 


Figs. 26, 27, 28. Tests with a test-light for grounds in arma- 
ture. Delco motor-generator armature with two commutators 
used as an example. Tests apply to any other type of motor 
or generator armature. 


To test whether the armature coil is grounded 
with the armature core or shaft, see Fig. 26. If the 
lamp lights, a ground is indicated. 

A grounded motor armature coil will cause an 


excessive amount of current to be drawn from the 
battery while cranking, or prevent cranking entirely. 


To test whether motor armature coil is grounded, 
see Fig. 27. Place the test-point on the motor com- 
mutator instead of on the generator commutator. 

. If the lamp lights, a ground is indicated. 


498 


Short circuits between motor and generator arma- 
ture coils will decrease the speed of cranking and also 
cause the armature to continue to run after the 
engine is shut down. 


To test, see Fig. 28. If the lamp lights, a short cir- 
cuit between motorand generatorarmature coil exists. 


Note. The word “cranking”? refers to the starting motor 
cranking the engine. 


Meaning of Open and Shorted Armature 
Coils 

The diagrams A, B, and C, Fig. 29, will explain 
what is meant by an open and short-circuited arma- 
ture coil. A shows diagram of commutator with 
brushes which make contact with segments and 
carry the current during the test. It will be scen 
that the current divides equally from the upper 
brush, passing down each side of the armature cous, 
or Winding circuits, and out at the lower brush, and 
if in good condition, the voltage between two 
commutator segments will be the same. 


Commutator 


Volt-meter 
Diagrams explaining open and short-circuited 
armature coils, 


Fig. 29. 


If an open circuit is in one of the coils, as at (X) 
in diagram B, there will be an interruption of current 
flow on that side, and if test-points of a voltmeter 
are placed on the two segments shown there will 
be a big increase of the needle, since the meter will 
carry all of the current flowing down that side. If 
points are placed on other adjacent segments on that 
side, there will be nearly a zero reading. 


If a coil is short-circuited, as at (Y) in diagram C, 
the voltmeter, if placed on the segments shown, will 
be nearly zero, the short circuit having the effect of 
a shunt across the meter. 


Armature Tests with the Volt-Ammeter for 
Open-Circuited and Short-Circuited 
Armature Coils! 


Before proceeding, turn to pages 464, 468, and 
study the construction of the Weston model “280” 
volt-ammeter, which is used in the following test. 


Minti 
RAN Ris 
78 


Fig. 30. Testing armature coils with one dry cell and an 
ammeter. 


tT itis advisable to use a small amount of resistance in the 
circuit, as explained on page 488, 
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Open or short-circuited generator armature coils: 
When testing for open or short circuits in a generator 
armature, the generator brushes should be left on 
contact with the commutator; but disconnect the 
storage battery from the system. Then disconnect 
the shunt-field from the brushes and connect up two 
or three dry cells. Use an ammeter having about 
a 30-ampere scale and also a 30-ampere shunt and 
connect to the brushes, as shown in Fig. 30. 


To test, turn the armature slowly by hand. If 
the commutator is in good order and the brushes 
are making good contact, the ampere reading should 
be the same in all armature coils when the brushes 
make contact with the different coils through the 
commutator segments, but if a very noticeable 
change in the ammeter reading takes place while 
turning, this will indicate an open or short-circuited 
armature coil. 


It will be observed that this is what would be 
termed a ‘‘comparative test,” or where one armature 
coil is compared with another. 


To tell if the generator armature coil is open- 
circuited or short-circuited, proceed as follows: 


To test for open-circuited coil, connect the brushes 
on the commutator to a dry cell as in Fig. 31, so that 
about 10 amperes will flow through the brushes. 
The field winding should be entirely disconnected. 
Then connect test-points to the 3-volt scale of the 
meter and measure the voltage across two adjacent 
commutator segments. The readings should be the 
same all around the commutator, as the test is made 
on all commutator segments. But. if there is a 
material increase in the reading on any two seg- 
ments, then there is an open-circuited coil. This 
test is termed a “comparative test,” that is, each 
armature coil is compared with the others. 


one dry cel! 


: 1 
» 
iE 


Fig. 31 


. one cell = 
Q 
= 


= 
Fig. 32 


If there are no open-circuited armature coils, but 
the test shown in Fig. 31 shows there is some arma- 
ture trouble, then test for a short-circuited coil. 
This, however, should only be done after making the 
test as in Fig. 31, as we shall now use the .1-volt 
scale of meter, and if there was an open-circuited 
coil, the voltmeter might be burned out if this test 
was made first. 


To test for a short-circuited armature coil, see 
Fig. 32. 


In making these tests, care should be taken to 
keep the points on adjacent bars, otherwise the volt- 
age drop may be sufficient to injure the voltmeter, 
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Example of a Millivolt Test of an Armature 


_ By referring to page 465, an explanation of what 
is meant by a millivolt drop will be found. Also 
read matter in connection with Fig. 29, explaining 
why the voltmeter will read less when there is a 
short circuit than when there is an open circuit in 
the armature. 


This explanation is one of a test used in many 
service stations where there are many armatures to 
test. 


Procedure: Sand off the commutator with fine 
sandpaper, and solder on two segments of the com- 
mutator 180° apart, two small wires, each about 
3 ft. long, No. 18 or 20 gauge (see Fig. 33). Place 
a 6-volt storage battery and light in series with these 
connections. In soldering on these wires, it is not 
necessary to smear the solder all over the commu- 
tator. Just enough to make the wires give a good 
contact will suffice. The solder will not injure the 
commutator, for it can be removed easily with a 
knife and a little sandpaper. 


Use a voltmeter which will read in millivolts. A 
millivolt is a one-thousandth part of a volt. 


Fig. 33. A millivolt test of armature coils. 


Place one of the meter contacts on the segment 
connected to one of the current wires, and the other 
contact on an adjacent segment, one immediately 
adjoining. If the reading of the milli-voltmeter is 
reversed, reverse the contacts and the reading then 
will be positive. 


The reading the meter gives is the nillivolt drop 
‘ through the armature coils connecting these seg- 
ments together. If the armature 1s a new one and 


everything is in good condition, these readings be- 
tween every adjacent pair of segments will be the 
same. But if one coil is shorted out, or one turn of 
the coil is shorted out, this method will tell. 


As an example, take an armature with twelve 
commutator segments connected up according to 
these instructions. The readings between every 
adjacent pair of segments are taken and are: 


Between Segments Millivolt Drop 


1-2 2.54 
2-3 . 2.50 
3-4 . 2.51 
4-5 ~ OS 
5-6 . 0.01 
6-7. . 2.50 
WEY PARP 
g-9 . . 2.54 
9-10 . 2.51 
10-11 . 2.53 
1-12 . 2.50 
T2511 5, OS 


It is seen that the average readigg is about 2.52, 
which is the general result that should be expected 
for all pairs of segments. 


Between 4 and 5 the reading decreases to 0.31. 
Upon examination of the armature coil we find that 
there are eight turns per coil. This immediately 
explains that seven turns of this coil are shorted out 
and the current is flowing through but one turn, giv- 
ing an eighth of the drop in the other coil. 


Between segments 5 and 6, the reading is just a 
flutter of the needle. This explains that the whole 
coil connecting these two segments is burned out 
and the connections probably have fused together, 
so that the current flows from one segment to the 
other commutator segment almost directly. 


Note. The needle of the Weston ‘‘280” instrument (page 
464) will deflect from 0 to right of scale, if 100 millivolts (1/10th 
of a volt) pass through the coil of the meter, if connections are 
made with the 100-millivolt terminal marked .1. The scale, 
however, is not calibrated for millivolts. Therefore in using 
this instrument a reading of an armature coil should be made * 
which is known to be good, and the reading noted. The other 
armature coils should then read or compare with it. 


The light in this example, just given, takes the place of the 
resistance unit (see Fig. 6, page 488, and explanation, page 488). 
It puts resistance into the circuit in order to prevent too much 
current from flowing through the meter. 


A GROWLER FOR TESTING ARMATURES 


This device (Figs. 34 and 34A) consists of two 
laminated cores (C) around which are wrapped two 
coils of wire (W). The upper ends of these cores (C) 
are shaped so that an armature can be placed 
between them. 


\ i /) 


Fig. 34A 


Fig. 34 


Fig. 34. View of growler with armature in place to be 
tested. 


Fig. 34A. Top view of growler. 


very similar to 


inciple of this device is 
The principle See Index under 


the action of a high-tension coil. | 
“Principle of a high-tension coil. 


By referring to the action of a high-tension coil, 
it will be seen that when current is passed through 
the primary winding of the high-tension coil, mag- 
netic-lines-of-force are produced around the wire, 
and these magnetic whirls cut the secondary wind- 
ing and thus produce an induced current in the 
secondary winding. 


The principle of the growler is very much the 
same. The iron cores (C) of the growler would 
represent the iron core of the spark coil, and they 
collect. magnetic-lines-of-force. The winding (W) 
around these cores would represent the primary 
winding of a spark coil. When current is passed 
through the winding of the coils (W), the action 
that takes place is the same as sending current 
through the primary winding of a spark coil. 


The current in the primary circuit induces a cur- 


‘rent in the secondary circuit of the armature coils, 


and it is by means of these secondary, or induced 
currents in the armature coils that open and short 
circuits are located. 


The rapid alternations of the current through the 
coils on the laminated core of the ‘“growler” cause 
rapid magnetic reversals, and set up a vibration in 
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the core which produces a decided hum or growl, 
thus giving use to the popular name of ‘growler 
for this device. 


When the armature is placed in between the cores 
(C), the armature winding Yepresents practically 
the same as the secondary winding on a spark coil. 
Consequently, if the armature under test is free 
from short circuits, its coils act simply as an open- 
circuited secondary winding on a spark coil, and no 
current is generated in them. 


Whenever a short circuit does exist in the arma- 
ture coils, the circuit thus formed operates as a 
closed secondary winding, and a heavy secondary 
current is set up in them, and thus it makes the 
presence of the short circuit known, as explained 
later. 


The North-East growler (Figs. 34 and 34A) for 
testing armatures is so constructed that it may, 
without any change in the instrument, be operated 
either from a 110-volt or 220-volt circuit (Figs. 35 and 
35A), and it can test any ordinary armature from 
2’’to 4’’in diameter. It must, however, be supplied 
with alternating current—never with direct current 
—because its operation depends essentially upon 
the fluctuating character of the magnetic field pro- 
duced by the alternating current, The growler is 
designed especially for operation on a 60-cycle cir- 
cuit, but it can be used with reasonably good results 
on circuits of other frequencies. 


j cons, 


SWITCH © SWITCH 


ATTACHMENT ATTACHMENT 
PLUG. PLUG 


Fig. 35 Fig. 35A 


Fig. 35. Diagram of N.E. growler circuit with switch in 
position for 110-volt operation; coils connected in parallel. 


Fig. 835A. Diagram of N.E. growler circuit with switch in 
position for 220-volt operation; coils connected in series. 


Internal wiring and connections of the North- 
East growler is shown in Figs. 35 and 835A. The in- 
strument is equipped with 9 standard attachmént 
plug for connection to the line, like a lamp or a small 
motor. The circuit in which the growler is connec- 
ted should be protected by fuses of not less than 
30-ampere capacity, because the current drawn by 
the growler might exceed 25 amperes if a completely 
short-circuited armature should be tested in it, or 
if the growler switch should be accidentally turned 
on with no armature in position between the pole- 
pieces. 

Note. Many armatures will test clear on the growler when 
they are cold, and i 
become heated up. 
to leave it on the growler, covered up tightly until it becomes 
warm, 


Of course, reason must be used when doing this, and the arma- 
ture must not be allowed to heat to the point where the leads 
will be loosened in the commutator. 


Another armature fault, which is very difficult of detection, is 
grounding while the part is in motion and clearing when it 
comes to rest. The reason for this peculiarity is that the coils 
have a slight movement in the slots, and, when the armature 
gets to spinning, they have a tendency to fly outward. 


ee 


1Courtesy of the Service Station Equipment Co., Chi 5 
Ill. Copyrighted. beet Baye 
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The F.B. Armature Tester or “‘Growler’?: 
as an Example Showing how Arma- 
ture Tests Are Made! 


The parts of this outfit are shown in the illustra- 
tion (Fig. 36). 


GROWLER CORE 
WINDING COILS 


RACK TO HOLD 


Faia) | ARMATURE 
haja- 
ee eg COUNT SHAFT 
= i | TEST POINT 


PLUG TO’AC® CIRCUIT 


Fig. 36. The F.B. armature tester or growler. 

The F.B. armature tester is connected with a 
110-volt alternating light circuit. It will test an 
armature for short-circuited coils (Fig. 37), or for 
open-circuited coils (Fig. 38), and in connection with 
the test-light supplied with the F.B. armature tester, 
armatures can be tested for grounds (Fig. 39). 


To Test for Short Circuits in Armature Coils 


Place the armature on the core of the tester. 
Turn on the switch. Hold the “feeler’’ just above 
the top of the armature coils (Fig. 37), but not 
touching, and slowly turn the armature by hand. 


Fig. 37. Testing an armature for short-circuited coils, 


If there are no shorts in the armature windings, 
there will be no magnetizing force in any of the coils, 
and consequently the “feeler” will not be attracted 
or pulled toward the coils. 


If, however, there is a short between the windings 
of one coil or between the windings of separate coils, 
a closed circuit will be formed which will permit of 
a strong secondary current being induced in the 
shorted coil or coils, 


This induced current will produce two distinct 
effects: It will heat the wires forming the closed 
coils, because of the heavy current passing through 
these wires, and it will also cause the shorted coils to 
exert a very strong magnetic pull on the “feeler,” 
The magnetic. pull on the “feeler’’ is very strong, 
and it is a positive indicator of shorted coils. 


induced current, and the quicker the coil will heat. 


Short circuits in armatures may exist from three 
causes: 
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2. A short circuit caused by defective insulation 
between the wires of an individual coil. 


3. A short circuit caused by defective insulation 
between wires in separate coils. 


_ Short circuits from any of these causes will be 
indicated by the action of the ‘‘feeler” as described. 
If the “‘feeler” is attracted by only one coil, it indi- 
cates a short between the turns of that individual 
coil. If, however, the “feeler’’ is actuated by more 
than one coil, that is by coils situated in different 
slots in the armature, it indicates that the short is 
caused either from a commutator short or a short 
between the windings of different coils. 


Always clean the space between the bars if any 
shorts are found, in an effort to eliminate troubles 
from this source. 


To Test for Open Circuits in Armature 


Open circuits in either the generator armature or 
the motor armature may be caused from two sources: 


1. A broken wire in the coil windings. 


2. A broken connection between the end of the coil 
and the commutator riser. 


A poor soldering job or a dirty wire at the point 
where the coil end is connected to the commutator 
riser will also cause an open circuit and it is from 
this source that most open circuits result. Defec- 
tive workmanship at this point can be detected by 
careful inspection after the particular coil or coils 
that are open have been located with the tester. 
Troubles from this source can easily be repaired and 
do not necessitate returning the armature to the 
factory for rewinding. 


The condition of the commutator is also a good 
indicator of open circuits. Wherever an open cir- 
cuit occurs the commutator bar or bars to which the 
coil is attached will generally be found badly burned 
and with a flat spot, caused by the continual arcing 
between the brush and the commutator every time 
the bar, to which the open coil is attached, passes 
under the brush. 


Fig. 38, Testing an armature for open-circuited coils. 


To test for open-circuited coils, put the armature 
in the tester in the same way as described for making 
tests for “shorts.’’ Then with the ‘feeler’” make a 
connection between two adjacent commutator bars, 
as shown in Fig. 38, and then break this connection. 
A decided spark should occur if the coil is not open. 
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When contact is made by the ‘feeler’? between 
two commutator bars, it forms a short circuit in the 
coil whose ends are connected to the bars, and a 
secondary current is induced in the coil. 


When this current is broken by breaking the con- 
nection between the bars, a spark is produced. If 
the coil is open, through a poor contact between 
the coil end and the commutator, or because of 
a broken wire in the coil, no current will be induced 
in the coil and consequently no spark can occur 
when the contact made with the ‘feeler”’ is broken. 


Make this test all the way around the commutator 
between each bar, and the open circuits, if any, will 
be clearly indicated by the absence of a spark. 


To Test for Grounds in Armature 


The “‘test-points’”’ provided with the F.B. arma- 
ture tester! are for use in locating either grounds or 
open circuits on the armatures that are being tested, 
or on any electrical device. 

The ends of the test-points are connected to the 
source of current, with the indicator lamp in series. 
When the two points are touched together, the cir- 
cuit is completed and the lamp is lighted. 

In the same manner, by holding one test-point 
each on different parts of an electrical device, the 
lamp will indicate a complete circuit if it lights, and 
no circuit or an open circuit if it fails to light. 


ARMATURE 
TEST POINT. 


s; | 
TEST LIGHT 
Fig. 39. Testing armature for grounded armature coils. 

To test the armature for grounds, hold one test- 
point on the commutator and the other point on 
the armature core, as shown in Fig. 39. This circuit 
should show open and the lamp should not burn. If 
it shows closed, by the lighting of the lamp, it indi- 
cates that the armature is grounded. 

Grounded armatures are caused by defective 
insulation in the armature slots or by a grounded 
commutator. 

Grounded commutators are generally caused by 
defective insulation between the commutator bars 
and the armature shaft, and in such cases must be 
returned to the factory for repairs. 

If the ground is caused by copper dust or brush 
material collecting on the end of the commutator 
and forming contact between bars and shaft, it can 
easily be cleared up by removing dust or dirt. 


FIELD WINDING TROUBLES AND TESTS 


The troubles occurring in a field winding are usu- 
ally: open circuits, short circuits, or grounds. 


An open circuit in a motor-series field winding 
renders the motor inoperative, because any break in 
a series circuit opens the circuit. 


An open circuit in a generator shunt winding will 
prevent the generator from generating current. 


The shunt-field windings, usually used on genera- 
tors, are of finer wire than a series-field winding. 
The shunt-field winding forms a bypath or shunt for 
the armature current. Being of finer wire, it is of 
high resistance, so that it will take but a small part 
of the armature current. The shunt-field windings 


are subjected to the full voltage of the generator, as 
shown in Fig. 40. 


FreLo COIL B 


SERIES 


SERIES S6VOLT = 


VOLTMETER 
Fig. 42 


Fig. 41 


Fig. 40 


1Can be secured of A. L. Dyke, Electrical Dept., Granite 
Bldg., St. Louis, Mo., price $24.00. 
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The series-field windings generally used on 
motors and motor-generators are of coarse heavy 
wire, are in series with the armature, and must carry 
all the current that passes through the armature 
(Fig. 41). The series-field windings are of very low 
resistance; hence they consume as little as possible 
of the voltage supplied to the machine. 


By referring to Fig. 42, the connections to a volt- 
meter are made clear. If the free ends of these 
wires are touched together, the voltmeter will indi- 
cate the terminal voltage of the storage battery. 
This reading should be kept in mind. 


Now, if instead of touching the ends together, 
they were placed on the terminals of a rather high 
resistance, the voltmeter would give a much lower 
reading, the value of this reading depending directly 
upon the amount of resistance between the ends. 
If there is no circuit at all, as for instance, when the 
ends are held apart in the hands, the voltmeter 
needle will stand at zero. 


An open-circuited coil will be indicated by a zero 
reading of the voltmeter, when the two free ends or 
“points” are placed upon the terminals of the field 
coil at (A) (B) (Fig. 42), which represents a certain 
amount of resistance. If, on the other hand, the 
reading is very nearly that of the battery voltage, 
the field coil is in good condition. 


Therefore if a voltmeter is placed on the ends of a 
shunt winding, which is of a higher resistance than a 
series winding, the meter would read less on a shunt 
winding than on a series winding, because, the wire 
of the shunt winding is smaller than the series wind- 
ing and the resistance offered to the passage of cur- 
rent would be greater, with a consequently greater 
voltage drop, whereas, if the meter was placed on the 
ends of a series winding, the meter reading would be 
greater, or nearer the battery voltage, because the 
resistance offered to the passage of current in 
the large wire would be less. 


Right here is the difference between a voltage 
reading and a millivolt reading. If we were making 
a test of the millivolt drop in the shunt and series 
field coil, then current would be passing through the 
coils instead of the coil being in series with the meter. 
We should then be measuring the voltage drop, 
which would be greater in a fine-wire shunt field than 
in @ Coarse-wire series field. 


If an armature or field is short-circuited or 
grounded, the machine may not necessarily be in- 
operative altogether. This will depend upon the 
nature of the short or ground, but it will cause a 
generator to generate less output, and will cause a 
motor to draw more current and produce sparking. 


Testing Field Windings with a Meter 


Meter tests for an open-circuited, short-circuited 
or grounded armature and for short-circuited or 
grounded field-coils are the same in principle as de- 
scribed under the tests for a motor, and explained 
on pages 487, 488. 


A meter test for a generator-field open circuit 
(Fig. 43), is different from the test of a motor-field 
open circuit (Fig. 4, page 487). 

Disconnect the field terminals from the other parts 
of the generator, including the field regulating de- 
vices. Connect the negative (—) terminal of one 
cell of a battery to one end of the field, and the posi- 
tive (+) terminal to the (+) binding post of the 
mstrument. Complete the circuit between the 3- 
volt binding post and other end of field. If an indica- 
tion is obtained, the coil is not, open-circuited, but if 
no indication is obtained, the coil is open-circuited. 
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Vee TURE | | 
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Fig. 43. Connections of voltmeter for testing for open-cir- 
cuited generator fields. 


Testing the Delco Motor-Generator Field- 
Coils with a Test-Light 


To test for grounds in the field-coils of a motor- 
generator, place one point on the frame of the motor- 
generator at (F), and the other on the terminal of 
the field-coil at (B) (Fig. 44). Be sure that all 
grounds which are regularly connected to these 
terminals are first removed. 


If the lamp lights, a ground is indicated. If it fails 
to light, the coil circuit is in good shape. 


FIELO Co A 8 
A be B SHUNT FIELD COl' 
ie) 
SERIES FIELD 
COIL 
Fig. 44 Fig. 45 Fig. 46 


To test for open circuits in the field-coil, place 
test-points, as shown, on each terminal of the wind- 
ing, at (A) and (B) (Fig. 45). 


If the lamp fails to light, the circuit is open. The 
coil should be replaced or repaired. 


To test for short circuits between motor-generator 
windings: The test here is between the “shunt” 
and “‘series”’ field winding. 


Place one of the test-points on the terminal of 
the shunt-field winding (B) (Fig. 46), and the other 
aoe: on the terminal of the series winding at 


If the lamp lights, a short circuit is indicated bee 
tween the windings. 


Replacing Field-Coils 


When replacing field-coils on a generator, it is not 
always possible to tell which way they are wound in 
order to make one field-pole North and one South. 


Each field-pole must have opposite olarit 
that is one must be South and ihe) neat N ect the 
next must be South and the next North. The prac- 
tice is to place the field-coils on the pole pieces, and 
then to connect them together temporarily and 
connect with a battery, as shown in Fig. 49. A 
compass then placed on the outside of the field- 
frame will show if each pole has‘a different polarity 
that is if one is N and next S,andsoon. Field-coils 
on a 6-volt generator will draw about 3 to 5 amperes. 
Each adjoining pole should show opposite polarity. 


Most generators have field-poles which can be 
removed by loosening a screw which holds the pole 

) in place. The pole-tip or flange end next. to the 
armature holds the field-coil tight to the frame. It 

\ 18 very important that these field-coils be punch 


TESTING ELECTRICAL PARTS OF A CAR 


marked and that the frame be punch marked, so 
that both can be put back exactly correct, otherwise 
the field-coil may not fit properly and the air-gap 
clearance between the armature and the field-pole 
tip may not be as it was originally. 


On a starting motor the wire in the field-coils is 
much larger and of less resistance than on generator 
field-coils, and while the same test can be made, it is 
only possible merely to touch battery terminals for 
a fraction of a second, otherwise it 1s practically a 
dead short circuit on the battery. Most starting 
motor coils come in pairs, and two will have the 
same appearance and can easily be distinguished. 
The idea is to alternate them on the poles. 


_ When the polarity is correct, solder the connec- 
tions and tape with cotton tape, as the ordinary 
friction tape will soon become oil-soaked and loos- 
ened. This tape is white and is called English 
twilled tape. 
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Fig. 47 


Fig. 48 


Fig. 47. Illustrating how field-coils are held in place on the 
field-poles by a strip of fiber. This method is generally used 
where field-poles are not detachable from the outside of the 
frame by means of a screw. 


Fig. 48. Illustrating the appearance of a field-coil winding 
ready to apply on the field-pole. 


On pole-tips which are cast to the frame and not 
detachable, the pole-tip is usually small at the end 
next to the armature. The field-coils can be slipped 
over the pole-tips on to the pole-piece or core. A 
fiber strip about 1%” thick (Fig. 47) is then placed 
under the coil in a groove, from one pole-tip to the 
other, and will thus hold the coils in place. 


Remy Instructions on Field Polarity 


Reversed field-coils: Field-coils are not likely to 
be connected wrong when the machine leaves the 
factory, and cannot possibly become reversed when 
in operation. This trouble, therefore, is very 
unlikely to be encountered unless the machine has 
been disconnected for repairs and is then connected 
up wrong. 

To locate a reversed field-coil: With the field 
excited (connected to the battery), and the armature 
out of circuit, approach each field-pole with a com- 
pass, taking them in succession. If connected prop- 
erly, each pole will attract the end of the compass 
needle opposite to that which the preceding or 
following pole attracts. 


Care should be exercised, in making this test, to 
approach each pole with care, and not to slide from 
one pole to the next without taking the compass 
well away from the machine, as the polarity of the 
compass needle is very likely to be reversed and 
incorrect results to be obtained. 


Finding the Polarity of Field-Poles (Ford 
Generator as an Example) 


Care should be taken that the leads on the genera- 
tor yoke are connected to the proper brush ter- 
minals. The earlier fields were wound opposite to 
the later, and it is therefore necessary to cross the 
leads on the latter. To determine how they should 
be connected, test the field with a battery and com- 
pass as follows (refer to Fig. 49): 
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The generator is placed on its end with the com- 
mutator end up and the terminal to the left as 
shown. A 6-volt battery is connected to the field- 
coil leads. Current will then flow through the field- 
windings or coils, and in doing so, the field-poles 
will become an electromagnet. 


One end of a field-pole will be North (N) and the 
Bee end South (8) of each field pole, of which there 
are four. 


Therefore, by placing a compass, say, at the 
frame end of field-pole No. 1, the N pole end of the 
compass needle (the dark or arrow-point end of a 
compass needle is the N pole end) will point toward 
the field-pole, and the end of the field-pole next to 
the generator frame will be-the S pole and the inner 
end will be the N pole. 


By placing the compass needle at the frame end 
of the next field-pole (No. 2), the S pole end of the 
compass needle will point to the field-pole, and the 
end of the field-pole next to the generator frame will 
be the N pole and the inner end will be the S pole. 


The outer end of field-pole No. 3 will be S and 
the inner end N; the outer end of field-pole No. 4 
will be NandinnerendS. Thus it will be observed 
that the polarity of the field-poles alternate and 
those field-poles which are opposite each other are 
of the same polarity. 


If the poles do not indicate with reference to the 
terminals as shown in the diagram, reverse the leads 
of the field-coils to the battery wires and test with 
the compass again. If they indicate properly now, 
the lead attached to the positive (+) wire from the 
battery is the one to be attached to the third brush, 
and the other is attached to the grounded brush. 


The reason why the N pole of the compass needle 
points to the S pole of a magnet or field-pole is the 
fact that the magnetic lines-of-force flow from N to 
S (see Fig. 1, page 179), and the N pole end of 
the compass needle will always point with the direc- 
tion of flow of a magnetic circuit. For example, 
the magnetic lines-of-force flow out of the N pole 
end of field-pole No. 1, into the § pole end of field- 
pole No. 4, out the N pole end of No. 4, through the 
frame into the S pole end of No. 1, thus completing 
a magnetic circuit; and the N pole end of the com- 
pass needle, will point with this direction of flow. 


No.2 No.1 
() Compass 
ield 7 Field 
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To 
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To Brush 
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Cross ed 


Fig. 49. Testing the polarity of field poles with a compass 
after placing the field coils on the field poles. 
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Therefore when a compass is placed over No. 4 
feld-pole, the outer end is the N pole and the mag- 
netic lines-of-force will be coming out instead of 
going in, as at the S of No. 1; consequently the N 
pole end of the compass needle will point with the 
direction of flow, and thus the S pole end of the 
compass needle will be toward the N pole end of 
field-pole No. 4, as shown. The same action takes 
place in No. 3 and No. 2 field-poles. See also Index 
under ‘‘Magnetic circuits of field-poles.”’ 
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Another Method of Determining Proper Con- 
nection of Field Terminals to Brushes 


When the generator is assembled, operate it as a 
motor from the battery. If it runs in the wrong 
direction, the field terminals should be reversed. If 
it does not run at all, the field coils are mounted 
wrong. The proper direction of the generator when 
motoring is counter-clockwise when looking from the 
commutator end, or, in other words, the same direc- 
tion in which the engine drives it as a generator. 


CUT-OUT TROUBLES, TESTS, AND ADJUSTMENTS 


Although the construction may vary, the principle 
of all cut-outs is very much the same. See also 
Index under ‘Testing the cut-out.” 


Sometimes, due to the cut-out points (P) (Fig. 50) 
sticking and not opening when the engine stops, the 
battery discharges for a long period of time through 
the cut-out at about 20 amperes, which will often 
burn out! the voltage winding (V). The result is 
that if the points (P) are still stuck when the 
generator is started again, it will charge the battery, 
but the battery will again discharge instantly, the 
moment the engine stops. 


If the points (P) should be open, with a burned- 
out cut-out voltage winding (V), the core will not 
become magnetized sufficiently to draw the points 
together. Thus the generator will not charge the 
battery, or the cut-out armature may intermit- 
tently cut in and cut out in a feeble effort to close, 
and the ammeter will fluctuate back and forth as it 
cuts in and cuts out. 


Function of the Cut-Out 
The function of the cut-out is fully explained on 
pages 332, 519, and should be studied carefully. 


Cutout sa 
IP 


wi BRUSH 
+ 


Weston model 


Tator 3 ’ 280 testing 
t voltammeter 
Fig. 50. Method of testing a cut-out. 


There are two windings on the cut-out, a fine- 
wire voltage winding (V) (Fig. 50), and a coarse 
series winding (S). 

The fine-wire voltage winding (V) is always con- 
nected across the generator main circuit, but takes 
very little current. 


_The series or winding (S) is in series with the 
circuit to the battery from the generator. 
On the Delco some of the very old models had cut-outs, but 


later on the cut-out was dispensed with entirely (see 
t 6 page 387). 
On the late two-unit Delco systems the cut-out is ce ) 


See discussion of Remy cut-out adjustment on page 351; 
Delco, page 409, and North East (Dodge), page 372) 7 : 


Cut-Out Troubles and Adjustments 


If the cut-out points stick and fail to open, the bat- 
tery will discharge back through the generator. 


i Burned-out cut-out voltage coils are also sometimes occa- 
sioned by running a car with the charging circuit opened with- 
out grounding the generator, or by a loose ground connection, 


It is well to mention here that it is permissible for the battery 
to discharge from 0 to 3 amperes back through the cut-out at 
low generator speed. This is usually the case, as explained on 
page 333, as the series coil (S) which opens the points is thus 
demagnetized. If, however, the points fail to open, then as 
high as 15 to 20 amperes will discharge through the generator, 
and thus will run the battery down. 


If the cut-out points fail to close, the generator 
will not charge the battery. 


Failure of the cut-out points to open may be due 
to: 


1. Not sufficient air-gap space between contact arm 
blade (A) (Fig. 52), and the iron core of the cut- 
out coil (G). This can be remedied by slightly 
increasing the spring tension controlling the pull 
of the blade. 


Note. 
pages 333,351,373. The air-gap space between (A) and the arm- 
ature core (C) (Fig. 52) is usually .010” to .015” clearance. 


The spring is not shown in this illustration. See 


If the cut-out is slow to cut in, then this air-gap 
should be slightly decreased by bending the con- 
tact blade, which moves the blade or armature (A) 
closer to the core (C). On some of the Westing- 
house cut-outs, there is a screw for this purpose. 
Poor brush contact will also cause the cut-out to 
cut in late. 


If the cut-out cuts in too quickly, increase the 
spring tension which holds the contact-arm, or 
increase the air-gap. 


2. Pitted points are also the cause of failure to open. 
This may be caused by: (a) long usage; (b) 
excessively high current output of the generator; 
(c) insufficient spring tension; (d) improper oper- 
ation of the generator. 


3. Defective windings, such as a short circuit, may 
also be the cause of failure to open. 


Failure of cut-out points to close may be due to: 
1. Air-gap clearance (G) (Fig. 52) too great. 
2. Spring tension too strong. : 
3. Open cut-out windings. 


@)6 volt lamp 


Test points 
Fig. 51 


Fig. 52 


Fig. 51. Test points, battery and lamp used for cut-outtests. 
Fig. 52. Cut-out winding terminals. 
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To Test the Cut-Out Windings 


To test the cut-out voltage winding (V) (Fig. 52): 
Use four cells (8 volts) of a 12-volt storage battery. 
Disconnect the cut-out from all circuits. Place 
one lead from the battery on (Gen.) and the other 
lead on (Gr.). The cut-out points (P) will close 
quickly if the voltage winding is in good order. 

To test the cut-out voltage winding for a ground. 
(Fig. 52): Place one test-point (Fig. 51) on (Gen.) 
and the other on (Gr.). If the lamp lights, but the 
cut-out points (P) when tested as in the preceding 
paragraph, fail to close, this indicates a ground, or 
too great an air-gap at (G), or too much spring 
tension. 

To test for an open in voltage winding (V), make 
the same test. If the lamp fails to light dimly, 
winding (V) is open. 

To test the cut-out series winding (S) (Fig. 52): 
Place one test-point on (B), which is the end of the 
series winding (S) leading to the battery. Place 
the other test-point on (Gen.). The lamp should 
fail to light, as the cut-out points are open at (P), 
but the lamp should light when the cut-out points 
are held closed by the hand. 

To test series winding (S) for a ground (Vig. 52), 
place one test-point on (B), the other on (G). The 
lamp should fail to hight. 


After testing the cut-out windings, proceed as 
follows: 


Method of Testing the Cut-In and Cut-Out 
Speeds of Cut-Out 


1. Connect cut-out between generator and battery, ° 


as shown in Fig. 50, as if on the car. Use the 30- 
ampere shunt with testing ammeter. We shall 
assume the driving method is as shown in Figs. 
15 and 16, page 477. 

2. Use the pulleys for the 675 speed. Permit the 
belt to slip when first starting, and gain speed 
gradually. The cut-out should cut in, or close 
at about 650 to 675 r.p.m. It will be heard to 
click when it closes, and about 1 ampere will 
show on the meter.! 

Permit the belt to slip, and thus slow down the 
speed of generator, or use the pulleys for the 450 
r.p.m., and see if the cut-out cuts out below 600 
r.p.m. 

The cut-out, with most generators, cuts out 
when the generator speed is low enough to permit 
the battery to discharge slightly back through the 
series winding (S) of the cut-out, which demagne- 
tizes the series coil, releasing the points. This 
discharge varies from 0 to 3 amperes. 

The foregoing refers to testing the cut-in and 
cut-out speeds of the generator. We will proceed 
with the complete generator-driven test, using a 
Ford generator as an example. 

3. Use the pulleys for the 1,425 speed. At about 
1,400 to 1,500 r.p.m. the generator should de- 
liver 10 amperes. 

4. Use the pulleys for the 1,800 speed. At about 
1,800 r.p.m. the generator should deliver its 
maximum of 12 amperes. The generator is, 
however, capable of giving a higher amperage, 
but 12 amperes is the maximum according to the 
manufacturers’ instructions. About 15 amperes 
is really necessary, however, to keep the battery 
charged. If more is attempted, the generator 
will heat. 


1 The Service Manuals, advertised in the back of this book, 
give the cut-in and cut-out speeds, voltages, etc., of different 
models of generators of all makes. ve Faas 
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5. Use the pulleys, for the 2,400 speed. At speeds 
over 1,800 the amperage should not increase over 
12 or 15 and should drop off at high speeds, or 
over 1,800 r.p.m. 


If the amperage is more at the speeds mentioned 
above, the rate can be decreased by moving the 
third brush in the opposite direction to the rotation 
of the armature. 


If the amperage is less, the rate can be increased 
by moving the third brush with the direction of 
rotation. 


If an ‘external regulator’’ is used, adjust the regulator. See 
page 350 for the Remy. See also Index under “Adjusting 
third-brush regulated generators.” 


If, after adjusting the third brush, this does not 
give the desired readings, then operate the generator 
at 1,400 to 1,800 r.p.m., and note if there is a flashing 
at commutator and if there is a smell of burned 
insulation; if so, the armature coil is probably short- 
circuited and a separate test of the armature for a 
short-circuited coil should be made. See pages 497, 
498, 499, 516. Be sure, however, that the flashing 
is not due to loose brushes, protruding mica, etc., 
as previously explained. 


A short-circuited field-coil will also cause spark- 
ing, but not so much heat, because the other field- 
coils will take the load which is cut out of the shorted 
coil, and they will probably heat. 


Other tests of armature coils and field-coils are 
shown on pages 497 to 499 and 513 to 519. 


Example of Locating Cut-Out Trouble 
(“Overland 4°’? as an Example) 


Trouble: We will assume that the battery cut-out 
fails to close and that after closing it by hand, will 
find that it remains closed and the generator charges 
the battery until the engine stops, when the points 
open as they should, but will not close when starting 
the engine again. We will assume that a new cut- 
out was installed, and the result remained the same. 
The generator makes a grinding noise when the 
points are closed. 

Causes: The initial current from the generator flows through 
the binding-post of the cut-out marked “To + Gen.,” through 
the metal framework of the cut-out and through the cut-out 
core, 

The fine winding (V) of the cut-out core, termed the voltage 


or shunt coil, is connected to the core at one end and to the 
binding-post marked (2) at the other (see Fig. 53). 


Binding-post (2) is grounded, that is to say, to be attached 
to some part of the metal of the chassis. 


Fig. 53. Overland “4” cut-out. 


As the opposite side of the generator is also grounded, it is 
apparent that so long as there is no break in the cireuit the 
initial current will flow through the shunt winding of the cut- 
out and, energizing the core, cause the points (P) to be closed. 


Next, examine the other circuit. From the binding post to 
the left, the current flows through the iron frame of the cut-out, 
through the movable arm—called the armature—which carries 
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one of the cut-out points. When these are brought together, 
the path of the current.is through the loWer, stationary cut-out 
point, through the heavy winding of the cut-out, called the 
series or current winding (S), to binding-post (3), and thence to 
the battery. 

As the cut-out remains closed after having been closed by 
hand, it is apparent that this circuit as well as the generator 
is normal, providing the ammeter indicates ‘‘charge’”’ with the 
points closed. 

It is likely there is either a break in the fine winding of the 
cut-out or that the ground connection between binding-post 
(2) and the chassis is either broken or dirty. 


The winding (S) can be tested with a 110-volt test-line wired 
in series with a 110-volt bulb. Do not attempt to make the 
test without using the bulb. 


Apply one test-point on the binding post to the left, and the 
Chee binding-post (2). The lamp should light, although 
not up to full candle power. Should it light and burn up to 
full brilliancy, the probability is that the fine winding is short- 
circuited or in contact with the iron of the core somewhere with 
its coils. On the other hand, if the lamp should fail to light at 
all, a break in the winding is indicated. 

The remainder of the test had best be made with a 6-volt 


battery, as the high-voltage current is quite likely to overcome 
the resistance of a dirty connection and give a clear indication, 


. chassis. 


With two wires connected to a test battery—not the one on‘ 
the car—test between terminals (2) and any clean part of the 
There should be a flash. If there is not, the proof is 
conclusive that the ground connection between terminal (2) 
and the chassis is at fault. 


To corroborate this, attach a wire to terminal (2), fastening 
the other end underneath the head of an engine bolt or nut. 
Start the engine and bring it up to speed. If the generator is 
operative and the cut-out has tested normally, current should 
flow. The points should close and everything should operate 
satisfactorily. 


The fact that a new cut-out is installed would indicate that 
the trouble will be found in the ground connection. 


The noise of the armature is caused by one of three things: 
(1) the generator is not charging, and when the points are 
brought together by hand the battery current discharging back 
through the apparatus causes it to drag, knock, and growl; 
(2) the new armature is short-circuited in one or more coils; 
(3) the bearings are not all that they should be. So long as the 
generator is not delivering current, it simply runs idle, absorb- 
ing very little power, but as soon as it begins to generate, an 
extra load is thrown upon the bearings; and if these are not in 
good condition and in perfect alignment, the noise will result. 
(Motor Age. 


~~ CONNECTING CUT-OUT WHEN TERMINALS ARE NOT MARKED 


Every cut-out has three terminals: One of these terminals 
may be invisible, as it is connected to the ground of the cut- 
out case (see Fig. 50, page 504, and Fig. 54 below). 


“S$ SERIES WINDING 
\) = 


POINTS 


VOLTAGE 
WINDING 


TO GEN. TOGROUND TO BAT’Y. 


Fig. 54. Internal wiring of a typical form of cut-out (see 
also Fig. 24, page 520). The core on which the two windings 
(V and S) are wound, and which becomes magnetized and 
draws the armature blade (blade at top with upper point P) to 
it is not shown. ‘The core is shown in Fig. 50, page 504, and 
page 333. 


ADJUSTING OUTPUT OF 


The third-brush type of generator is the type used most, and 
the adjustments of the different makes of third-brush regulated 
generators are shown on pages as follows: 


Delco third-brush regulated EDOLALOL. Seat pages 407-409 
Remy third-brush regulated RONELA LON wenn dn ie page 363 
North East third-brush regulated generator. ....pages 374, 375 
Bijur third-brush regulated SOUerAbOK NT Kiows x ke oe page 364 
Ford third-brush regulated Generator ges ccc dee. page 516 


Adjusting the charging rate of generators using an electro- 
magnetic vibrator regulator instead of a third brush to increase 
or decrease the output is usually by means of an adjusting 
screw which increases or decreases the spring tension of the 
regulator. Some of these regulators control the voltage out- 
put of the generator and some control the current output, and 
some makes control both the current and voltage, as explained 
on pages 346-348, See also page 350. : 


The average amperage charge of the generator to the battery, 
with lights off for winter use, 1s approximately 18 amperes, and 
in summer 12 to 14 amperes. In some instances the generator 


The lower part of the illustration shows the connections to 
the base of the cut-out. These terminals are not always 
marked. 


To locate terminals of voltage coil (V): Use a 110-volt A.C. test 
light. Connect terminals of test light to various combinations 
of two terminals on the cut-out. When those two terminals 
are touched, which give a dim light’and a buzzing of the cut- 
out points, the test points are across the voltage coil. 


The reason why the light dims is that there is great resist- 
ance in the fine-wire voltage winding (V). The reason of the 
buzzing is the magnetization of the current flowing through 
the voltage coil (V), which causes the cut-out points (P) to 
close, but owing to the alternation of the current the cut-out 
core is rapidly magnetized and demagnetized, as the current 
flows alternately in opposite directions. Thus the points 
are closed and released rapidly, causing the buzzing effect. 


To locate terminals of current or series coil (S): Use the 110- 
volt test light. Close cut-out points by hand. Place test light 
on terminals, and test as above. Those two terminals which 
give a bright light with the cut-out points closed, and no light 
with the cut-out points open, are connected to the current coil. 


This is due to the low resistance of the heavy winding of 
the current coil (S). The lamp goes out when the cut-out 
points are open because the circuit is then open. 


Determination of terminals: The on> terminal which was 
used in both tests above should be connected to the generator, 
The other terminal of the voltage coil should be grounded, 
The other terminal of the current coil should be connected to 
the ammeter and battery (see Fig. 50, page 504). 


The reason why the one terminal which was used during 
both tests above should be connected with the generator is 
that this terminal is connected to both the current coil (S) 
and voltage coil (V) (see Fig. 50, page 504), 


DIFFERENT GENERATORS 


is set to give 1 ampere for each plate, that is, if the battery 
pee 13 plates, the rate is set for 13 or 14. amperes with all lights 
off, 


Too high a charging rate will produce sparking at the brushes, 
which will pit and burn the commutator and will also necessitate 
talang up on the chain tension which often produces a singing 
noise. ‘The bearings will also feel the effects In time of a higher 
charging rate, owing to the increased tension of drive chain. 


When increasing the charging rate, be sure it is not enough 
to produce sparking. If sparking is produced, see if brushes 
and commutator are in proper condition, and if so, and sparking 


continues, then the charging rate should be set back. 


The main point is to keep the battery charged without over- 
charging, and this can be determined by testing the battery 
which should show around 1280 8.g.; the temperature of the 
solution should not rise above 105° F. (see page 572), 


To tell when a battery needs charging and when to increase 
the generator output, see page 563. 
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EXAMPLE OF A MODERN METHOD OF MAKING ELECTRICAL TESTS 
(Ford Generator, Motor and Cut-Out as an Example)! 


The F.B. Test Stand, designed for testing the 
Ford starting motor and third-brush regulated 
generator and the cut-out, as described, will be used 
as an example in the following discussion. 


Most all generators of the present day are of the 
third-brush type. Tests of other makes of genera- 
tors would, therefore, be similar in principle to 
the test of the one selected as an example. They 
differ however in the amperage generated and in 
the speed at which the cut-out cuts in and cuts out. 


MODERN ELECTRIC 


Testing equipment is divided into two distinct 
classes: (1) equipment for testing and repairing the 
starting and lighting system while it is installed on 
the car; (2) equipment for testing and repairing the 
various units of the system after they have been 
removed from the car. 


The first tests are made with a combination volt- 
meter and ammeter, such as the F.B. test set (or 
the Weston, described on page 464, or other makes 
of instruments). 


The second tests are made with a testing stand, 
an example of which will now be given. 
The F. B. Test Stand? 


This stand is designed solely for use with the F.A. 
starting and lighting systems used on the Ford car. 
The illustration (Fig. 1) and parts will give an idea 


of how a modern testing stand is constructed. ' 


Parts for Testing Starting Motor 


B is the starting switch connected between battery 
(P) and the wires leading to the top of the stand 
for testing the starting motor on a “free-running” 
test. 


D is the motor ammeter connected in the circuit 
just mentioned, and shows the amperes of current 
used in the test. It reads 0 to 1,000 amperes. 


A is a swinging shelf for the scale (Q) which is used 
for the “torque” or “kick’’ test of the starting 
motor. When a torque test is made, the motor 
is placed in stand (C) and connected with the 
battery. 


A brake-arm, one foot long, is attached to a sleeve 
which slides over the motor shaft. The swinging 
shelf with scale is pulled out and an extension from 
the brake arm rests on the scale. 


1 We are indebted to the Service Station Equipment Co., 
Chicago, Ill., for data and information concerning the Ford 
tests given in the pages following. 


2The later model of this test stand is now equipped with a 
bench lathe, attached to the front of the stand, and driven by 
the universal motor and a jack shaft on the stand. The lathe 
has a swing of 7”. Extreme distance between centers, 12”. 
It is furnished with slide rest, slotted face plate, arbor clamp 
dog, 14” drill chuck, and saw arbor. Both head and tail stock 
are provided with centers. The lathe can be used for turning, 
sanding, and under-cutting mica of armature commutators and 
for many other jobs which are necessary to do around a service 
station. Price $241. Can be secured of A. L. Dyke, Electrical 
Dept., Granite Building, St. Louis, Mo. 


It is impossible in this book to give data for the 
test of all generators. We recommend therefore 
that the repairman purchase the Service Manuals 
which give data concerning the speed, amperage, 
and voltage to test different makes of generators, 
cut-outs, starting motors, etc. See also the adver- 
tisements in the back of this book, describing these 
data books. ~The Wiring Manual as mentioned in 
the advertisements is also very necessary for general 
automobile electrical work. 


TESTING EQUIPMENT 


Pit tino koe 


: _ Figure 1 


The starting-switch (B) is pressed, and when the 
motor stalls or cannot turn because of the resistance 
to rotation by the scale, the pound pull on the 
scale indicates the torque of the motor armature 
shaft. 


If the motor is in good condition, the scale (Q) 
should read 12 to 14 pounds and the ampere-meter 
should show a current draw of 600 to 750 amperes. 


As the gear ratio between the Bendix gear on the 
motor and the gear on the flywheel on the engine is 
12 to 1 (Ford starting motor), this means that the 
motor under these conditions is exerting a turning 
effort of 168 pounds on the end of the starting crank 
1 foot long (12 [gear ratio] x 14 pounds= 168 pounds), 
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Parts for Testing Generator 


C is a stand for holding the motor or generator. If 
the generator is given a ‘‘free running” or “motor- 
ing”’ test as a motor, it is connected with a battery 
in the same manner as a starting motor. 


H is a universal motor, so called because it will 
operate on any 110-volt lighting circuit, either 
alternating or direct current. 


When the generator is given a “driven” test, it is 
placed in stand (C) and connected to the universal 
motor which drives it, by means of a flexible coup- 
ling. 

M is the toggle-switch which connects with the 
lighting circuit (110-volt) and the universal motor. 


N is the rheostat connected with the universal 
motor which varies the speed of the latter. The 
generator is driven at the same speed as the uni- 
versal motor which drives it. 
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E is the tachometer, connected by a flexible shaft 
(J) with the universal motor and indicates the 
speed in revolutions per minute of the generator 
which is being driven. The tachometer readings 
are from 0 to 2,500 rev. 


F is the ammeter used in connection with the gener- 
ator tests, and reads from 0 to 30 on the “charge 
and ‘“‘discharge’”’ sides. 


T are test-points connected with the 110-volt light- 
ing circuit, and using a ‘‘tell-tale” red light (K) 
- mounted flush with the test-stand. 


L is the switch connecting the test-light (K) with 
the test-points (T) and the lighting circuit. 


All instruments are protected by 10-ampere fuses 
mounted under the test table. 


A cut-out is provided and mounted on the test 
stand so that the generator can be connected up and 
tested as if on the car. 


GENERAL INSPECTION OF GENERATOR AND MOTOR TROUBLES 


Before going into the details of the location _of 
the various faults of the generator and motor, which 
are the two main units of the starting and lighting 
system, and the ones that generally cause ninety 
per cent of the trouble, we will explain the general 
effects of the more common troubles on the various 
parts of the machine. A careful inspection of the 
machine, having in mind these effects, will often 
instantly locate the trouble so that no electrical 
tests are necessary. 


Ninety per cent of generator and motor troubles 
are indicated by the condition of the commutator. 
If the commutator is burned and blackened uni. 
formly over its entire circumference, it is due, as a 
Tule, to dirt and grease which have collected on the 
commutator, or to carbon or copper dust from the 
commutator itself, or from the brushes, which cause 
sparking and burning of the commutator. 


The collection of carbon or copper dust on the 
commutator is generally due to the commutator 
becoming roughened and starting to cut, or by the 
use of a brush which is not of the proper composi- 
tion and which acts more or less like a file against 
the commutator. 


_ Poor contact between the brushes and the com- 
mutator, due to insufficient spring pressure or stick- 
ing brushes, will cause the commutator to burn 
pretty uniformly, due to the constant arcing between 
the brushes and the commutator. The same effect 
of a burned commutator will also be caused by a 
loose connection somewhere in the circuit which is 
constantly making and breaking the circuit. The 
flame of the arc resulting from the causes named 
above is generally of a reddish color, and is very dis- 
tinct from the bluish tinge in the are resulting from 
other causes. 


An open circuit in the armature is nearly always 
detected by a “flat” on the commutator, because 
every time the brush comes in contact with the 
commutator bar which has an open coil attached to 
it, an intense blue spark is made as a result of the 
breakage of the circuit at this point under the brush 
and the*segment is burned away, causing what is 
commonly known as a “flat.” 


The burned bar as well as the “flat” indicates 
the nature of the trouble, hamely, an open circuit, 
and immediately locates the coil in which the trouble 
exists, 


Short circuits in armature coils are indicated by 
flashing at the commutator and also by the smell of 
burning insulation. 


A short-circuited field-coil is also liable to cause 
sparking, but not undue heating of the armature. 
However, the particular field-coil that is shorted 
will become much hotter than the other field-coils. 


The windings of the generator, both on the arma- 
ture and field, consist of many turns of fine wire as 
compared with the motor windings which have only 
a few turns of heavy wire in both armature coils and 
field coils. 


The result of this construction is such as to give 
rise to many more sources of trouble in the generator 
than in the motor. 


In addition, the troubles of the generator are fur- 
ther influenced by open circuits or grounds in the 
wiring system, including the cut-out, which con- 
nects it to the battery. All of these affect the 
behavior of the generator and are the immediate 
cause of generator troubles. 


On the motor side, a ground or short in the wiring 
has no bad effect on the motor proper. The con- 
clusion is that the majority of troubles experienced 
will be with the generator, as it is so vitally affected 
by the proper operation of a number of other things, 
while motor troubles should be very few, and in 
general confined to mechanical troubles, and on 
the electrical side almost solely to commutator and 
brush troubles. 


No repairs should be attempted on armatures on 
which grounded, shorted, or open windings have 
been located, but the complete armature should be 
returned to the factory for repairs or replacement. 
If the trouble is such that it can be easily located 
and repaired, such as an open circuit due to poor 
contact between the ends of the coil and the commu- 
tator bar, ora short due to copper dust between bars, 
there is no need of returning the armature to the 
factory. Any troubles, however, that involve re- 
winding of the armature should be remedied by 
returning the armature to the factory. 


Most of the troubles experienced with the cut-out 
will be caused by the contact points becoming cor- 
roded and pitted so that the cut-out points will fail 
to make a contact, thus leaving an “open” inthe 
generator circuit, or else they will stick and fail to 
open, causing the battery to discharge back through 


METHOD OF MAKING ELECTRICAL TESTS 


the generator. This trouble is easily taken care of, 
as explained under “‘cut-out troubles,’ by cleaning 
the contact points. 


If, on making a test of the cut-out, it is found that 
there are open or shorted or grounded coils in it, the 
instrument should be returned to the factory for 
repairs or replacement, and under no circumstances 
should the service man attempt to rewind the coils. 


When the cut-out is installed on the car when it 
leaves the factory it is in perfect condition, and if it 


509 


fails to operate from causes other than dirty contact 
points, as just described, the chances are that the 
trouble lies in a defective magnet winding. Any 
attempts to increase or decrease the spring tension 
on the cut-out points or adjust the opening between 
them will only make matters worse. 


No attention other than cleaning the contact 
points should be required for the cut-out, and if it 
will not work properly under these conditions return 
it to the factory for repairs. 


USE OF TEST-POINTS 


The F.B. Test Stand is equipped with a set of test- 
points consisting of two brass points insulated with 
fiber handles attached to a flexible cord which is 
fitted with a Hubble plug. 


On the front of the stand is a Hubble socket into 
which this plug is inserted, and when this is done it 
connects into the circuit the standard 110-volt lamp 
which is attached to the under side of the table and 
which lights the red “‘tell-tale” glass whenever the 
circuit is completed through the test-points. 


Whenever these points are touched together, or 
whenever a circuit is completed by holding the 
points on any electrical circuit that is complete or 
continuous, a circuit is established allowing the cur- 

~ rent to pass through the lamp, in this way indicating 
that there is a continuous and complete circuit. 
This principle is utilized to locate open circuits, 
grounds, and shorts. 


For example, if it is desired to test an open circuit 
in the field-windings, hold one of the test-points on 
either terminal of the field. If the field-winding is 
not open, that is, if there is not a broken wire or con- 
nection in it, the circuit will be complete, and it will 
be indicated by the lighting of the bulb. 


For testing for grounded field-coil, hold one test- 
point on one terminal of the field-cojl and the other 
terminal on the frame of the machine. 


If there is no ground, that is, if there is no contact 
between the field-coil and the frame of the machine, 
there can be no circuit. Consequently the indicator 
will not light. On the other hand, if there is a 
ground, the circuit will be completed to the lamp 
and it will indicate the ground by the lighting of 
the bulb. 


Test points with a high-voltage lamp are shown 
in Fig. 2 and with a low-voltage lamp in Fig. 3. 


MOTORING TEST 


A considerable number of the first installations of 
the F. A. Starting and Lighting Equipments on 
Ford cars were assembled with the Ward-Leonard 
automatic cut-out assembled on the dash, while in 
the later systems the cut-out is assembled on top of 
the generator. 


If the generator to be tested is from one of the 
systems where the cut-out is mounted on the dash, 
the generator lead is connected directly to the gen- 
erator terminal marked (T) (Fig. 4). 


If, however, the generator has a cut-out mounted 
on it, the terminal lead is connected to the terminal 
eon the cut-out (Fig. 5). 


Do not put the flexible coupling on the generator, shaft for 
making the ‘‘motoring”’ test. This is a ‘free running test, 
and the generator must not pull any load while making it. The 
coupling is used for driving the generator and is not needed for 


this test. 


WOVOLT 

MS ORE 10 VOLT 

—=—_ LAMP 
TEST POINTS 


Fig. 2. Test-points and lamp for use with a 110-volt circuit. 


The test-points furnished with the F.B. equip- 
ment are designed for use on 100-volt circuit, either 
A.C. or D.C., and the advantage of this higher 
voltage over a lower voltage is very considerable. 
For example, if there is a partial ground due to 
copper or brush dust which has settled between the 
commutator bars, the higher voltage tends to show 
it up more clearly and often burns out the foreign 
substance which is causing a ground and thus clears 
up the trouble. Fig. 2 shows the test-point circuit 
using 110 volts. 


BATTERY: 


‘6-VOLT LANP 
x Zt 2ce 

TEST POINTS 

Fig. 3. Test-point and lamp for use with a 6-volt storage 
battery. 


The same principle of using test-points can be 
utilized with a 6-volt battery, using a standard 6-volt 
bulb in the place of 110-volt lamp. Such a set as 
this is often very convenient, especially in making 
tests around the car where it is not always possible 
or convenient to utilize a 110-volt set. Fig. 3 
shows the method of connecting up the test-point 
set with a 6-volt battery. 


OF GENERATOR 


MOTORING 
GENERATOR 


Ty : 
Fig. 4. Generator to be tested where cut-out is mounted 
on dash of car. 
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Fig. 5, Generator to be tested where cut-out is mounted on 
generator. <s 


By this connection the generator is connected to 
battery and meter and cut-out on the F. B. Test 
Stand in the same way that it is wired up on the car. 


The generator is now ready for the motoring test, 
that is, to send the current through it as a motor 
and to note its performance. The results will 
indicate whether the generator is in good condition, 
and if not, it will to a great extent indicate the 
troubles that may be looked for in it. 


The generator motoring test can be conducted 
under two different conditions, namely: when the 
generator is not equipped with a cut-out mounted 

_ on top of it, and when it has a cut-out mounted on it. 


Motoring Test Without Cut-Out on Generator 


After the generator has been set up as described 
for the motoring test, it is necessary only to press 
the starting-motor switch, clearly indicated in Fig. 1, 
which action short-circuits or cuts out the Ward. 
Leonard cut-out on the Test Stand so that the cur- 
rent from the battery passes directly through the 
generator and causes it to run as a motor. 


The generator ammeter mounted on the right- 
hand side of the instrument board will indicate the 
amount of current being taken to motor the genera- 
tor, and is indicated by the needle on this instrument 
reading to the left of the zero center.. The amount 
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of current taken should be about 4 amperes, and ° 
the generator should turn in a clockwise direction, 
looking at it from the drive end, without any 
undue noise or sparking at the brushes. 


Motoring Test With Cut-Out Mounted on 
Generator 


For making the motoring test when the cut-out is 
mounted on the generator the same procedure is 
followed and the same results should obtain, but it 
is first necessary to short or cut out of the circuit the 
cut-out which is mounted on the generator. This 
is done by using the special wire j umper which has a 
snap connector on either end, and is provided with 
the outfit. One of the connectors is snapped on the 
main terminal of the generator marked (A), and 
the other connector is snapped on the terminal 
marked (C) in Fig. 6. By attaching this jumper 
in this way it has the effect of taking the cut-out out 
of the system. 


Fig. 6. Method of shorting or cutting out the cut-out on 
the generator when making the motoring test of the generator. 


The starting-motor switch is then pressed, as in 
making the test without the cut-out mounted on the 
generator, and the same readings on the ammeter 
will apply to this method of installation. 


GENERATOR TESTS 


TACHOMETER 
GEN. AMMETER 


MOTOR AMMETER 


INSTRUMENT 
PANEL 


PRIVEN.PINION FLEXIBLE CONNECTOR 
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Fig. 7. Hooking up the generator with the drive motor 
for the generator driven test. 


UNIVERSAL MOTOR 


The next hook-up is for making the complete 
generator test, The first thing that is necessary is 
to make a connection between the generator and 
the universal motor, so that it can be driven at the 
desired speeds. : 


.. When the generator is taken off the car for test, 
it has a gear keyed to its shaft on the driving end. 
It is not necessary to take this gear off to make the 
test, but rather this gear is used as part of a flexible 
connector to hook the generator to the universal 
motor. The generator half of the flexible connector 
shown in Fig. 7 is slipped over this gear and locked 
to it by tightening the screw (S) shown in Fig. 7, 


The flexible coupling is of the conventional type, 
driving through a leather washer. _ The other half 
of the coupling is attached permanently to the uni- 
versal motor shaft. Put the generator in the gener- 
ator stand, as .previously described, turning the 
flexible connection until the three driving pins on 
the motor half of the connector fit into the leather 
washer and then lock the generator in position, 
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If the generator has no cut-out mounted on it, 
the generator lead is connected directly to the main 
generator terminal, as shown in Fig. 4. If there is 
a cut-out on the generator, the generator lead is 
connected to the main terminal on the cut-out, as 
shown in Fig. 5. 


The generator will then be connected into the 
system electrically, the same as it would be in the 
car, except that the motive power will be furnished 
by the universal motor instead of the Ford engine. 


The first test to make on the generator is to 
determine whether it is cutting in at the proper 
speed; that is, whether or not it starts to generate 
sufficient voltage and current to operate the cut- 
out, which action connects it to the battery. This 
is done by starting the universal motor by throwing 
in the starting switch and then slowly increasing the 
_ speed until the cut-out operates. The operation of 
the cut-out can be noted in two ways: first, a dis- 
tinct click will be heard when it closes and also 
the generator ammeter will show a reading of about 
1 ampere which will be indicated by the needle of 
the ammeter to the right of the zero center the in- 
stant that it operates. This is probably the best 
way of noting the action of the cut-out. 

If the generator is in good condition, the cut-out 
should close at about 650 r.p.m., which speed will 
be shown by the tachometer. 
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It may be that in the case where the cut-out is 
mounted on the generator the cut-out is defective 
and will not close the circuit, so that no reading will 
show in the ammeter. If this happens, the cut-out 
can be cut out of the circuit by putting the Jumper 
across the two terminals (C) and (A) (Fig. 6), as 
described under ‘‘Motoring Test.’”’ The generator 
tests can then be completed as described, and the 
cut-out tested independently, as described under 
“Test for cut-outs.” 


The next test 1s to see if the generator is delivering 
10 amperes at a speed of 1,400 r.p.m. This test is 
made by slowly increasing the speed of the genera 
tor and noting its output on the ammeter at this 
speed. 


Next, the test for regulation is made to see that 
the third-brush type of regulation with which the 
generator is equipped is controlling the output of 
the generator properly at high speeds. ‘This test is 
made by moving the controlling handle on the rheo- 
stat to the right until a speed of from 1,700 to 1,800 
r.p.m. is reached. At this speed the generator 
should not be delivering more than 12 amperes, as 
will be indicated by the ammeter, as this is the maxi- 
mum current that the generator is supposed to give. 
It should be held constant at this rate by means of 
the third-brush regulation. 


STARTING-MOTOR TESTS 


First take off the Bendix gear, and place the motor 
in the generator holder, locking it in place by follow- 
ing the same methods as were used with the gener- 
ator. See that the heavy terminal again comes on 
’ top, and that the motor shaft now extends to the left 
instead of to the right. 


It will be noted that the motor has a square flange 
on the drive end, and one of these four sides should 
be placed flush against the upright projection on 
the back and left-hand side of the generator stand. 
This actually prevents the motor frame from turning 
in the stand when the torque test is being made. 


Then connect the heavy motor lead to the motor 
terminal, being sure to make a good connection. 
The motor is now attached electrically to the storage 
battery under the same conditions as on the car, 
and connection is made by pushing the starting 
switch on the front of the table, allowing current 
from the storage battery to pass through the motor. 


Motor ‘“‘Free-Running Test’’ 


The motor mounted for the free-running test is 
shown in Fig. 8. Press the starting-switch lever 
and the motor will spin rapidly, making what is 
known as a “free-running” test. The behavior of 
the motor under this test will, as explained later, 
indicate clearly any trouble which may exist in It. 


Free running test of starting motor. 


Fig. 8. 


If the motor is in good condition, it should spin 
over without any undue sparking at the commutator 
and should draw about 75 amperes, as indicated by 
the motor ammeter on the left-hand side of the 
instrument board. 


Torque or “Kick’’ Test of Motor 


Attach the brake arm to the motor shaft by simply 
sliding it on until the inner end of the brake arm 
enters the bearing housing on the end of the motor 
housing. This will bring the thumb screw on the 
other end of the brake arm in the same plane as the 
counter bore in the end of the motor shaft used for 
holding the Bendix gear onit. Then turn the brake 
arm until the thumb screw fits this counter bore and 
tightens snugly, as shown in Fig. 9. 


“kick”? test of the 


Method of making a torque or | ki t 
(Note that the word ‘break arm’ in the drawing 
should read ‘‘brake arm.’’) 


Fig. 9. 
motor. 
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Next pull the swinging shelf out into its extreme 
position, as shown in Fig. 9, and attach the scale to 
the shelf by sliding it on the scale holding clip 
mounted on top of the shelf. N ow when the brake 
arm is placed on the scale it will bring the finger on 
the end of the brake arm approximately in the center 
of the scale. If the scale needle does not point 
exactly to the zero mark, it can be adjusted by the 
adjusting thumb screw on the upper part of the 
scale. We are now ready to measure the torque or 
“kick” of the motor in foot pounds. 


How to Make Motor Torque Test 


Press the starting switch, which will send the full 
current from the battery through the motor, causing 
it to try to rotate. Resistance to rotation is fur- 
nished by the scale, and the motor can make only a 
very small part of a turn when it will stall, which 
also gives a name to this test known as the “stall- 
ing test.’~ Note the reading on the scale, and 
then quickly note the reading on the motor 
ammeter. 
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If the motor is in good condition, the scale should 
read 12 to 14 pounds, and the ammeter should show 
a current draw of between 600 to 750 amperes. 


As the gear ratio between the Bendix gear on the 
motor and the gear on the fly wheel on the engine 
is 12 to 1, this means that the motor under these 
conditions is exerting a turning effort of 168 pounds 
on the end of a starting crank one foot long, which is 
sufficient to turn over any Ford engine under ex- 
treme conditions of stiffness. 


In making this motor test do not hold the starting 
switch closed any longer than is necessary to take 
the readings, otherwise the battery will be unduly 
run down. It might be well to add at this point 
that in making a test on both the generator and 
motor, it is taken for granted that the battery is 
fully charged. The best method of determining 
this is by the use of a hydrometer. 


In making the generator tests, and especially the 
final running test, sufficient charging will be given 
the battery to keep it in proper shape for all the 
motor tests that are made, but if it should run down 
it should be fully recharged before making the test. 


LOCATING AND REPAIRING GENERATOR TROUBLES (MECHANICAL)! 


The results of the generator tests given under this 
heading are those that should be expected when 
the machine is right in every detail. It is taken for 
granted that the generator is removed from the car 
because it is defective and will not successfully pass 
the generator tests, and it is now necessary to locate 
and repair the trouble within it. 


All troubles with the system can be classed under 
two headings: ‘mechanical troubles,” and “elec- 
trical troubles.” 


We will take up the mechanical troubles first, as 
it is not only necessary to correct them to get the 
proper results in the generator, but furthermore, 
the generator could not be run properly to make the 
electrical tests unless it is right mechanically. The 
mechanical troubles experienced are as a rule con- 
fined to the following: 


1. Loose driving gear. 

2. Broken bearing. 

3. Armature off center. 
4. Shaft bent. 

5, Commutator burst. 


It is very apparent that a visual inspection and 
examination will locate any of these troubles. First 
take hold of the gear by hand; see that it is properly 
and firmly keyed to the shaft. Turn the armature 
by hand and see that it runs freely and noiselessly. 
If it sticks or turns hard, examine the machine to see, 
first, if there is a broken bearing. The only remedy 
for this is, of course, a new bearing. 


If the armature is off center, and the bearings 
are all right, it may be due to a loose pole-piece, 
and this can be caused by the heavy screws (S) 
(Fig. 10) which hold the individual pole-pieces to 
the generator frame having become loosened. 
Under either conditions the magnetic pull on the 
pole-pieces will cause them to be drawn toward the 
armature and will have the same effect as if the 
armature was off center. The remedy for such 
trouble is to pull the field-piece back into its proper 
position by tightening up on the screws which hold 
it in place, 

1See also “Digest of Troubles,” page 454. 


A bent shaft will be a rather unusual source of 
trouble. The remedy is a new armature, it being 
impossible to straighten for an alignment of bearings. 


The final trouble, namely, a burst commutator, 
can be repaired only by putting in a new one. It 
has been our experience, however, that when a 
commutator bursts or throws the pieces, a great deal 
of other damage is done, such as broken brushes 
or brush-holders, and very considerable damage as’ 
a rule to the armature windings. Our recommenda- 
tion in a case of this nature is the installation of a 
complete new armature, instead of attempting to 
put on a new commutator and to do the work of 
connecting up the armature leads to it. 


In making the mechanical inspection, it will be 
necessary to get at the various parts of the generator 
to do so. The brushes are located at the rear end 
of the generator and can be inspected by removing 
the rear-end cover band. This is done by taking 
out two screws which hold this housing to the gener- 
ator frame, shown in Fig. 10, marked (A). 
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Fig. 10. Tlustration 


of generator, 
screws, frame screws, etc. 


showing pole-piece 


In order further to disassemble the generator, lift 
the brushes clear from the commutator by pulling 
them up in the holders by means of the brush pig- 
tails. They will be held in this position free from 
the commutator by the pressure of the springs 
against the side of the brushes. 
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Next take out the screws (B), which attach the 
front end-cover to the generator frame, and pull this 
cover free ‘from the frame. The front end-cover 
and armature will then disassemble completely from 
the frame. 


At this point we are in position to examine the 
generator completely for all mechanical troubles, 
but if it is necessary further to disassemble the 
generator to get at the brush rigging in the rear end- 
cover, this can be done by taking out the four screws 
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Fig. 11. Longitudinal section of generator. 


(F) which hold it in place and then loosening the 
cover from the frame. It will be noted, however, 
that the cover can be moved away a short distance 
only as governed by the length of the wires which 
are attached to the brushes. If it is desired to 
remove it completely, wires can be disconnected. 


Figs. 11 and 12 show the detail construction of 
the F.A. generator with all parts clearly marked. 
A study of this drawing will assist the service man 
to understand the complete construction and enable 
him to disassemble and rebuild the machine properly. 
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LOCATING AND REPAIRING GENERATOR TROUBLES (ELECTRICAL)? 
OPEN CIRCUITS 


Open Circuits 


Having inspected and repaired the generator for 
mechanical troubles, we then locate the electrical 
defects, which are nearly always the cause of our 
troubles. All electrical troubles-are the result of: 
1. An open circuit or partially open circuit. 

2 A ground or short circuit. 

In case of an open circuit, or partially open circuit, 
which is generally caused by poor contact, the more 
common sources of trouble are as follows: 

. A dirty commutator. 

Worn commutator. 

Brushes stuck. 

No spring pressure on brushes. 

Brushes too short or broken. 

Broken brush connection. 

The more uncommon sources of trouble in open 

circuits are caused by: 

1. An open field. 

2. Open armature. 

3. A broken connection between commutator and 
armature winding. 

To locate the electrical troubles in the generator, 
we first make use of the motor test which gives us a 
good indication of where to look for our difficulty. 

If the generator fails to motor and there is no cur- 
rent passed through it, as indicated by no reading on 
the generator ammeter, we know immediately that 
we have an open circuit. 

If the generator motors very slowly and we have 
a reading of less than 4 amperes on the scale, it shows 
that there is a partial open circuit or a poor connec- 


Oo ON 


1 See also “Digest of Troubles,” page 454. 


tion in the generator, which does not allow the proper 
amount of current to pass through it. This, then, 
puts our trouble in the cpen eeu class, and we go 
after the locating and loce/izing of this trouble in 
the following manner: 


Locating Open Circuits 


Using the test-points, first test for an open circuit 
between the main generator terminal marked (T), 
(Fig. 13), and the insulated brush marked (B). This 
will test the connection between these two points. 

Then test between the insulated brush (B) and 
the commutator (C). 


X 
GROUNDED 


INSULATED 
BRUSH 


BRUSH 


Fig. 13. Testing generator for open circuits with test- 
points and lamp. The test-lamp and points (Fig. 2, page 509) 
are used for making the tests. (The brush holder is shown 
removed and turned over.) 


Next disconnect the lead from the grounded brush 
(E). Then by following out the same line of test 
as can be clearly seen in Fig. 13, we test between the 
commutator (C) and the third brush (D) and then 
between the commutator and the grounded brush. 

If the open circuit is in any one of these connec- 
tions or between any of the brushes and the commu- 
tator, it can be localized in this way. 
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Commutator and Brush Troubles 


Commutator troubles, such as dirty or burned 
commutators, high mica, etc., are fully treated on 
pages 491 to 493. 


Brush troubles are treated on pages 493 to 496. 


Open Field 


This test is for testing the shunt field of the 
generator, by holding one of the test-points on the 
third brush at (D) (Fig. 14), and the other on the end 
of the connection (1) which has been taken off the 
grounded brush-holder (E). _ This will show us 
whether the shunt field is all right. 


If the test indicates an open circuit, first inspect 
the joints (2, 3, 4) between the field-coils to see that 
they are not broken, and then test each field sepa- 


rately by holding the test-points on the ends of each: 


coil. In this way the open circuit can be located 
in one particular field-coil. 


To repair, it will be necessary to disconnect this 
coil from the other coil and take it out of the machine 
for further examination. To do this, the pole-piece 
will have to be removed by taking out the two 
screws which clamp it to the generator frame. 
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Fig. 14. Testing generator for open field-coils. 


It will then be necessary to locate the exact point 
of the break b unwinding the coil until the rupture 
is located. arefully make a good connection at 
this point, and rewind the field and replace, and 
reconnect, and then repeat very carefully the test 
to see peat the open circuit has been properly taken 
care of, 


Open Circuit in Armature Coil 


There are a number of methods of testing for open 
We particularly recommend 


tained shunts for giving three ranges of readings on 
each Instrument and special leads and connectors 
adapted exclusively for Ford work, 


With this instrument are given very careful in- 
structions for easily and accurately locating arma- 
ture and field troubles on various units of the F, A, 


LOCATING AND REPAIRING GENERATOR TROUBLES 
SHORT CIRCUITS AND GROUNDS 


Short Circuits and Grounds 
If, when the motoring test is made, taking it for 
granted that all mechanical troubles have been 
eliminated as instructed, the generator does not run 


reading on the ammeter, or if it runs very slowly 
and still shows a larger current draw than it should 
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starting and lighting system, as well as locating 
grounds and other troubles in the wiring and battery 
system. 


The following is a simple method for locating open 
circuits in the armature, requiring the use of an 
ammeter and one cell of any storage battery, which 
must be in first-class condition. An ammeter with 
a range 15 to 25 amperes best answers the purpose 
for this test. 


| ANMETER 


< conmuraror 


Fig. 15. Method of connecting the ammeter and battery 
for locating open circuits in armature coils. 


The method of using the ammeter and battery 
and how to wire them up is shown in Fig. 15. ‘The 
two wires which come with the meter with test- 
points (T) are preferable, similar to those furnished 
with the F. B. Test Stand, but any No. 14 or 16 
wire with contact-points attached to the end to act 
as test-points will answer the purpose. 


The theory of the test is to send a current through 
each of the armature coils, one at a time, by holding 
one each of the test-points on adjacent commutator 
bars (SS). The current from the battery will pass 
through the armature windings, and the ammeter 
will indicate the amount of this current. If the 
armature winding is not open in any case, all of the 
readings will be approximately the same. 


If, however, the ammeter should show very mueh 
less on one set of bars than on the others, it indi- 
cates that the circuit in that coil is open, caused 
either by the burning out of that coil or by a broken 
connection in the wire or a broken connection or 
poor contact between the commutator bar and the 
armature coil. 


Readings are taken on adjacent commutator bars 
all the way around the commutator, and if they all 
read the same there is neither an open circuit nor 
any other trouble with the armature. 


If one or more, however, show a low reading, the 
cause of an Open. circuit resulting from one of the 
causes Just mentioned must be located. 


if the trouble exists in a broken or burned-out arma- 
ture coil, the complete armature must be returned 
to the factory for repairs. 


(ELECTRICAL); 


for proper running, it indicates that the current 
from the battery is not passing through the windings 
of the field and the armature in the proper way, 
but that all or part of it is being lost or shunted 
through Some grounded connection or some short 
ol and in this way is not doing any effective 
work. 
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Again the common sources of this trouble are: 

1. Grounded brush rigging. j 
2. Grounded main generator terminal. 

And the more uncommon troubles are: 
. Grounded commutator. 
. Grounded armature coil. 

. Grounded field. 
. Short-circuited armature. 
. Short-circuited field. 


or WN Re 


Brush Rigging Grounded 


To test insulated brush rigging, either lift the 
brush clear of the commutator, holding it in this 
position by allowing the brush spring to press against 
the side of the brush, or place a piece of paper under 
the brush to insulate it from commutator (Fig. 16). 


Then test between the brush-holder and the 
frame. If this shows a ground, the trouble is in 
poor insulation between this brush-holder and the 
cover to which it is attached. It can be found only 
by proper inspection, and must be repaired by re- 
placement with proper insulating parts. 


"GROUNDED 
BRUSH 


INSULATED 
BRUSH 


Fig. 16. Insulating the brushes from the commutator with 
paper preparatory to testing for grounded brush rigging. 


Main Terminal Grounded 


To make the test for the main terminal, disconnect 
the lead from it (T) (Fig. 17) to the insulated 
brush-holder (B), holding one of the test-points (7) 
on the end of this lead; the other on the frame of 
the generator (6). 


If this shows a ground, carefully examine the 
insulation on the lead which has just been discon- 
nected and also the insulating bushings and washers 
that insulate the generator terminal (T) from the 
frame. 


The test on the third brush is made in the same 
manner, by first disconnecting the field-lead to it, 
insulating it from the commutator by the paper 
method or raising it free from the commutator, and 
then making the test. The grounded brush-holder, 
of course, is grounded permanently, and this test 
does not apply to it 


Grounded Field 


Disconnect the field-lead to the grounded brush 
(E) (Fig. 17), as well as the lead to the third 
brush (D), as shown. This then leaves the field 
with no electrical contact with the rest of the sys- 
tem, and one test-point placed on either one of these 
terminals and the other on the frame of the generator 
should show clear. 


If it shows a ground, follow the same method of 
testing for an open field, that is, disconnect the fields 
from each other where they are soldered together 
(2, 3, and 4), and test each field-coil separately for a 
ground. When it has been located, take the pole- 
piece out and endeavor to locate by inspection just 
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INSULATED 
BRUSH 


Fig. 17. Tests for grounds in the field-coils and in the com- 
mutator. 


where the wire is touching the frame. After it has 
been located, insulate it properly with tape, and 
replace. Be sure to make test after replacing, first 
on the individual coil and then on the entire field- 
system before permanently connecting up. 


Grounded Commutator 


The commutator (C) is entirely insulated from 
the armature shaft (S) to which it is permanently 
attached by mica or other suitable insulating 
material, and there should be no electrical contact 
between it and the shaft. 


The test for a grounded commutator can be made 
while the armature is in place in the generator frame, 
or preferably while it is disassembled completely 
from the machine. 


In order to make the test while the armature is in 
place in the generator, it is first necessary to lift the 
brushes free and clear of the commutator and to 
hold them in this position, or else to place pieces 
of paper between the brushes and the commutator 
so as to insulate them from it, as in Fig. 16. 


Then hold one test-point on the commutator (C) 
and the other on the armature shaft (S), and if the 
commutator is free from grounds no current will 
pass, as indicated by the lamp not lighting. 


This test will show whether the commutator as well 
as the armature windings are free from grounds; 
but if this test shows a ground, it may be a ground 
between the commutator and the shaft or between 
the armature windings and the armature core. If 
the ground cannot be located and easily repaired by 
a careful examination, the complete armature should 
be returned to the factory for repairs or replacement. 


Grounded Armature Coils 


In addition to a grounded commutator, one or 
more of the armature coils may be grounded to the 
armature core. If the ground cannot be detected 
by visual examination the test-points can again 
be brought into use for localizing the grounded coil. 


AMIMETEFe 


COMNUTATOR : 
Fig. 18. Testing for a grounded armature coil. 
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The proper connection for making these tests is by 
using one cell only of any storage battery connected 
to a set of test-points with the 30-ampere scale 
ammeter in circuit, as shown in Fig. 18. 


Hold one test-point on the armature shaft and the 
other on one bar of the commutator. The ammeter 
will give approximately equal readings on all commu- 
tator bars successively, if there are no grounded 
coils in the armature. 


If there is a grounded coil, the ammeter will show 
a larger reading when the test-point is touched to 
the bar to which the grounded coil is connected. 
In this way any grounded coil is quickly detached 


and located. 


The ground may be between the individual com- 
mutator bar (S) and the shaft (SH), or between the 
armature coil and the armature core. If the ground 
is in the commutator, it can usually be detected bya 
visual examination, and often it can also be located 
in the coil in the same way. Unless it can be easily 
repaired, the complete armature must be returned 
to the factory for repairs or replacement. 


If the ground is not in the windings, but is in the 
commutator, it will have to be repaired, as instructed 
under “‘Grounded Commutator.”’ 


Short-Circuited Armature Coils 


The same method for locating a short circuit in 
the armature windings in the generator is followed 
as was used for locating open circuits in armature 
windings. Fig. 15 shows the method of connecting 
up for this test. The test-points are held on adja- 
cent bars and current from the cell passes through 
the armature coils, and the amount is indicated by 
the ammeter. 


If all the readings between the adjacent bars are 
approximately equal, it indicates that the coils are 
all in good shape, but if one or more of the readings 
show higher than the average, it indicates that this 
coil is short-circuited. 


The trouble is caused by defective insulation on 
the coils, allowing the different sections or layers of 
the coil to come in contact, thus cutting out more or 
less of the turns in the coil and rendering them use- 
less. The effect is an increase of current through 
the shorted coil due to the reduced resistance and 
constant heating of the coil and sparking at the 
commutator bar connected to the defective coil. 


Do not attempt to repair a shorted armature, but 
return it to the factory for repairs. 


Short-Circuited Field 


It is possible that one or more of the field-wind- 
ings may be shorted, resulting from defective insula- 
tion, so that the full effect of the field-turns are not 
being utilized. 


A diagram of the field-windings and means for 
sending a current through the coils by the use of 
test-points attached to any standard 6-volt storage 
battery with an ammeter in circuit is shown in Fig. 
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19. The ammeter preferably should read up to 
30 amperes. 


“INSULATED 
BRUSH 


Fig. 19. Testing field-coils by sending current through them 
from a battery. 


First, as will be noted from the illustration, the 
field-winding connection has been disconnected from 
the grounded brush (E) and also from the third brush 
(D). Test-points are then held on the two winding 
connections that were just disconnected and the - 
current from the 6-volt storage battery passes 
through the fields and is indicated on the ammeter. 


The normal resistance of the field windings on | 
the F. A. generator varies from 275 to 33; ohms, 
depending on whether they are wound with single 
cotton enameled wire, in which case the resistance 
is about 2;; ohms, while if it is wound with double 
cotton-covered wire, the resistance is about 3 ohms. 


With a standard 6-volt storage battery in good 
condition the ammeter should show from 2, to 
1,5 amperes passing through the fields when the, 
test is made. If the reading is noticeably higher 
than this, it indicates that some of the Windings on 
the field-coils are cut out of circuit by being shorted, 
and it is then necessary to determine in which coil 
the short occurs. 


To do this, take off the insulating tape at the point 
where the join is made between the individual field- 
coils, and then measure each coil separately in the 
same way as above. 


The amount of current shown on the ammeter 
by this test should be four times as great when 
measuring a single coil instead of four of them in 
series. Consequently, for a good coil the reading on 
the ammeter should show from 8,5 to 74; amperes. 
If any of the coils show a decidedly higher reading 
than this or than any of the other coils, it indicates 
that it is shorted. 


Having located the shorted coil, it will be neces- 
sary to take it out of the machine, unwind it until 
the defective spot in the insulation has been located, 
then insulate it properly and rewind. Be sure and 


retest after the coil has been reinstalled in the 
generator. 


THIRD-BRUSH SETTING 


The current generated by the F. A. generator 
should be 10 amperes at a generator speed of about 
1,400 to 1,500 r.p.m. Any increase in the speed of 
the generator beyond : this point would tend to 
Increase the current very rapidly, if it were not for 
some system of regulation for holding this current 
down to a maximum. 


Third-Brush Regulation 


On the F. A. generator the system of regulation 
used is known’as the “‘third-brush” system, so called 
because a third brush is used in this system. 


Just how this third brush is connected to the 
generator field so that the voltage across the field 
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erminals is equal to the voltage generated between 
he generator brush and the third brush, is shown 
n Fig. 13, also Fig. 12. 


As the current generated in the machine in- 
reases, due to the increase of speed, the magnetic 
eld becomes distorted or twisted out of line, so that 
he voltage between the third brush and the genera- 
or brush is decreased. Consequently the field 
trength is decreased approximately in proportion 
o the increase of speed, and the current is held by 
his method to a maximum value of approximately 
(2 amperes. 


The output or the current developed by the gener- 
itor may be varied by shifting the third brush which 
s held in place by a bolt in a slotted opening in the 
rush-holder ring. The bolt is held permanently in 
osition by a hexagonal nut, which is turned with a 
special wrench furnished with the F. B. equipment. 


To increase the output of the generator, loosen 
the hexagonal nut and move the third brush in the 
direction of rotation of the armature by tapping 
a brush-holder, then tighten firmly in this posi- 
ion. 


_ To reduce output of generator, move brush-holder 
in direction opposite to rotation of armature. 


After any adjustment of the third brush, the brush 
should be sanded. Follow the same instructions 
and methods given for sanding the regular brushes 
(page 494). It is very important that the contact 
between the third brush and the commutator be 
pretty nearly perfect in order to get proper regula- 
tion. After the adjustment and sanding in of the 
brushes have been made, the generator should then 
be run through the regular generator test, and a 
readjustment of the brush should be made if it does 
not come up to the generator test specifications. 


LOCATING AND REPAIRING MOTOR TROUBLES (MECHANICAL)! 


Motor troubles are classified the same as genera- 
‘or troubles, namely: “mechanical” and “‘eleetrical.” 


Before proceeding with the location of any elec- 
rical troubles in the motor, it is first necessary to be 
sure that all mechanical difficulties are taken care of. 
Practically the same mechanical troubles can exist 
n the motor as are possible in the generator, namely: 


1. Broken or worn bearing. 
2. Armature off center. 

3. Shaft bent. 

4. Commutator burst. 


Bearing Trouble 


The motor, unlike the generator, is equipped with 
solid bearings, the front one of a high grade of bronze 
pushing and the rear bearing of a soft composition 
bearing metal. As the motor is actually run only a 
few hours during the course of the year, there is no 
occasion for these bearings showing any great 
amount of wear, especially if no dirt is allowed to 
get in them whenever they are taken down. 


If, however, either one or both become badly 
worn they should be replaced with new bushings. 
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Fig. 20. Longitudinal section of motor. 


Armature Off Center 


A broken or worn bearing will allow the armature 
to locate itself in an off-center position in respect to 


1Sece also “Digest of Troubles,’ page 454. 
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Fig. 20A. Cross-sectional view of front of motor. 


the pole-pieces to such an extent that it is possible 
that the armature will rub against the pole-pieces. 
The remedy is new bearings to center up the arma- 
ture, or it is possible that one or more of the pole- 
pieces may become loosened, having the same effect 
as placing the armature off center. The remedy is 
to pull this pole-piece sungly back into place by 
tightening screws which hold it to motor frame. 


Shaft Bent 


There is likely to be more trouble from a bent 
shaft in the motor than in the generator, especially 
if the operator is careless when starting his car and 
gets a “kick back” from having his spark lever 
advance too far, or from the engine being in bad 
condition. A severe back-kick is liable to bend the 
shaft. Asa general rule, the shaft cannot be prop- 
erly straightened and the complete armature should 
be returned to the factory. 


Commutator Burst 


This trouble is a very unlikely one, but if the com- 
mutator should burst it always does considerable 
damage, especially to the brushes and brush rigging. 
Our suggestion is the same as on the generator, 
namely, the return of the complete armature to 
the factory for repairs and substitution of a new 
armature, 


The assembly of the F. A. motor is shown in Fig. 21. 
Figs. 20 and 20A show the details of its construction. 
A careful study of these will enable the operator to 
understand its construction and the proper method 
of assembling and reconstructing. 
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LOCATING AND REPAIRING MOTOR TROUBLES (ELECTRICAL) 


Electrical troubles on the motor are classified as 
on the generator: 


1. Open circuits. 

2. A ground or short circuit. 
An open circuit may be caused by: 
. Dirty commutator. 

. Worn commutator 

. Brushes stuck. 

. Insufficient spring pressure. 
. Brushes too short or broken. 

. Broken brush connections. 

. Open field. 

. Open armature. 


. Broken connection— between commutator and 
armature windings. 


OCOANAaKwWNDEH 


Open. Circuits 


To locate the electrical troubles in the motor, we 
first determine whether there are any open-circuit 
troubles. To do this make a free-running test on 
the motor as previously described. 


If the motor fails to run and there is no reading 
shown on the motor ammeter, it indicates that there 
is no current passing; consequently the circuit is 
open. 


Or, if the motor runs very slowly and takes con- 
siderably less than 75 amperes, it indicates that there 
is a partial open circuit or poor connection or con- 
tact at some place in the motor circuit. 


S- SCREWS SUPPORTING FIELD POLES 
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Fig: 21. 


Assembly of starting motor. 


Take off the motor cover band by taking out the 
two screws (A) which hold it to the frame so that 
the brushes and commutator can be examined and 
tested, as shown in Fig. 21. Using the test-points, 
the open circuit can be localized by the same method 
as was used with the generator. 


Diagrammatic connections of the motor are 
shown in Fig. 22. First, either raise all the brushes 
free from the commutator, or else insulate them by 
putting paper between them and the commutator. 


GROUNDED BRUSH 


ae 22. Connections of the motor showing where to make 
sts, 


Hold one test-point on (T) and the other test- 
peint on the brush pigtail at (B1), which will test 
one-half of the motor field-circuit from the main 
terminal (T) up to the brush (B1). 


Still holding the test-point on (T), put the other 
test-point on (B2). This will test the other half of 
the motor field-circuit. 


If either one or both show an open circuit, it is 
either in the lead to the brushes or in the field-wind- 
ings, which is easily localized by narrowing the test 
down. 


Using the test-points, proceed in the same way to 
test between (B1) and the commutator, first lifting 
the brush (B2) off the commutator and seeing that 
brush (B1) makes a good contact on the commu- 
tator. Then make the same test on (B2). 


The open circuits in the fields, brushes, brush 
rigging, etc., are all taken care of in the same manner 
as has previously been described for generator 
troubles. The commutator should be cleaned and 
repaired, as should the brushes and brush rigging 
according to these same instructions. 


Short Circuits or Grounds 


If, when making the free-running test, the motor 
fails to turn or turns very slowly and a much larger 
current than 75 amperes is shown by the ammeter, 
it indicates that there is a ground or short circuit in 
the motor connections. These troubles are the 
result of the same causes as in the case of the genera- 
tor, namely: 


1. Grounded brush rigging. 

. Grounded main motor terminal. 
. Grounded armature. 

. Grounded fields. 

. Short-circuited armature. 

. Short-circuited field. 
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Test for Motor Grounds 


First make a combination test for a ground in the 
main terminal, the field coils, the two insulated 
brush-holders, and the connections between the coils 
and brush-holders. 


To do this first insulate the two grounded brushes 
shown in Fig. 22, by placing paper between the 
brushes and the commutator, or by raising them in 
the brush-holders so that they will be held free from 
the commutator. 


Then hold one test-point on the main terminal 
(T) and the other test-point on the frame of the 
motor. If no ground is indicated, it will show that 
all of the parts are clear. If a ground is indicated 
it will then be necessary to localize it. ‘ 


P é 

_ Disconnect the two leads that are attached to the 
insulated brush-holders (B1 and B2), and hold them 
clear of the motor frame. Then test for a ground 
with one point on the main terminal (T) and the 
other on the motor frame. If a ground is still indi- 
cated, it is in the field coils or the main terminal. 


In order further to localize the ground, the fields 
must be disconnected from the main terminal (5) 
and the field and the terminal must be tested sepa- 
rately for a ground. 


A ground in the main terminal will be due to 


defective insulating bushings, which bushings must 
be replaced with new ones, 


METHOD OF MAKING ELECTRICAL TESTS 


A ground in the field-coils is more likely to be due 
to the field connectors which connect the various 
coils together (2, 3, and 4) touching the motor 
frame, as they are not insulated at the point where 
the connection is made between each coil. All of 
the wire used in the motor construction is very 
heavy, and when once bent or pushed in place clear 
of the frame and metal parts of the motor, there is 
practically no danger of a ground. 


The remedy for a ground in any of. the various 
parts of the motor is the proper insulation of the 
grounded part. The field-coils are taken out of the 
frame and handled in the same way as described for 
the generator coils. Be sure to make a good job of 
reconnecting the coils when replacing, as they carry 
a very large current when cranking the motor, and 
a defective joint would offer a high resistance and 
cut down the efficiency of the motor. 


Brush Rigging Grounded 


On the motor two of the brush-holders marked 
(B1) and (B2) are insulated from the motor frame 
as shown in Fig. 22, while the other two brushes 
marked (6) and (7) are grounded to the frame. 
(B1) and (B2) can be tested for grounds by holding 
the brushes off the commutator and using the test- 
points. 


Grounded Commutator or Grounded 
Armature Coil 


The test for a grounded motor commutator is 
made in the same manner as a test for a grounded 
commutator on the generator, namely, by using the 
test-points and holding one point on the commutator 
segments and the other on the armature shaft. 


If a ground is indicated on this test, it may be 
either in the commutator or in the armature coils. 
Usually it can be located by visual inspection, as 
the motor windings consist of only a few turns of 
bare wire to a coil and are well exposed for examina- 
tion. 


If the ground cannot be easily located and re- 
paired, the armature should be returned to the fac- 
tory for repairs. 
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Short Circuits in Armature Coils 


On account of the very low resistance of the motor 
armature coils, it is not practical to locate a shorted 
armature by the same methods as are suggested for 
the generator armature. In fact, if the trouble can- 
not be located visually, as indicated by burned or 
flattened commutator bars, the only practical method 
is the use of a specially designed instrument com- 
monly known as a “growler.’’ 

The F-.B. growler is specially designed for use with the F.A. 
motor and the F.A. generator, and a grounded or shorted coil 


is instantly detected and located in either the generator or 
motor armature with it. See page 500, 


Open Circuits in Motor Armature 


The motor armature, being wound with only a 
few turns of heavy copper wire, has a very low resist- 
ance, and consequently the methods used for test- 
ing for open circuits in the generator armature 
cannot be used satisfactorily for the motor armature. 


On account of the few turns in the motor armature 
coils and the very large size of wire used, there is 
practically no trouble experienced from ‘‘open coils.”’ 
The only point at which there is danger of an open is 
at the point of connection between the ends of the 
coils and the commutator bar. An open at this 
point can always be detected by visual examination. 
It is generally caused by defective soldering. The 
remedy is to pull the leads out of the slot in the 
commutator riser, clean them thoroughly, and 
resolder properly. 


An open motor armature coil can also easily and 
quickly be detected by a “‘flat”’ on the commutator, 
caused by the constant arcing due to an open coil. 
Such arcing burns the commutator continuously 
at one point until it has made a flat spot. A flat 
further increases the trouble by causing the brushes 
to jump at each turn of the armature when they 
come in contact with the defective spot on the com- 
mutator. 


In all cases of armature trouble due to shorts, 
grounds, or open circuits, the complete armature 
should be returned to the-factory for repairs. 


LOCATING AND REPAIRING CUT-OUT TROUBLES 


Automatic Cut-Out 


The function of the cut-out is automatically to 
connect the generator to the battery when the 
generator has attained sufficient voltage to charge 
the battery, and to disconnect the two when the volt- 
age of the generator falls below that of the battery 
so as to prevent the battery discharging through it. 


This action is accomplished by the circuit being 
made and broken by the two contact points of special 
metal. Normally these points are open or sepa- 
rated. The points are brought in contact by the 
action of the magnet which has two windings on it, 
one very fine winding called the voltage coil and 
connected across the generator terminal, and the 
other a heavy winding called a series coil and con- 
nected in the main line between the generator and 
the battery. These connections and the details of 
the cut-out are shown in Figs. 23, 24, and 25. 


Action of the Cut-Out 


When the generator has attained sufficient voltage 
it will send a current through the voltage coil (Fig. 
23) which will energize the electromagnet and draw 
the contact points together. This action will close 


the main circuit between the generator and the bat- 
tery, through the heavy winding or series coil. 


: CURIE, POINTS 


/, 
SEES Ee “SPRING 


GENERATOR WIFE 


VOLTAGE CO/L —~—. 


GROUND Y BATTERY WIRE 


Curour BASE = BATTERY 


\ GENERATOR 


GROUND = 


—= GROUND 
Fig. 23. Circuit of cut-out. 

When the voltage in the generator decreases to a 
point lower than the voltage of the battery, the 
current from the battery will flow backward through 
the series coil, but the current through the voltage 
coil will still be in the same direction. The result is 
that the two opposing currents will demagnetize 
the electromagnet and the spring pull on the con- 
tact-point lever will separate the points and break 
the circuit. 
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The cut-out is one of the most important units in 
connection with the starting and lighting systems, 
since its failure to operate either in closing the cir- 
cuit or not opening it at the proper time can easily 
put the entire system out of commission. 

Two types of cut-outs are in use on Ford cars. 
The first is known as the dash type, because it is 
mounted on the inside of the dash. This type has 
now been discontinued permanently. 


The second type is known as the generator type 
and is mounted permanently on top of the generator. 
It is the standard cut-out now being installed on all 
jobs equipped with F. A. starting and lighting sys- 
tems. 


Both cut-outs are identically the same in action, 
but slghtly different in construction. Fig. 24 
shows the dash type, and Fig. 25 shows the genera- 
tor type. 


Cut-Qut Troubles 


Troubles due to cut-outs are caused, first, by 
failure to close and, second, by failure to open. 


Failure to close may be caused, first, by an open 
circuit in the voltage coil, or a shorted voltage coil, 
and, second, by failure of the contacts to make a 
connection due to dirty or corroded points. 


The cut-out fails to open because the points be- 
come welded together, and this welding action is 
caused, first, by continual opening and closing of 
the contact points and excessive sparking due to 
imperfect operation of the generator, and, secondly, 
fails to open by the sudden breaking of the circuit 
in the voltage cojl, thus killing the demagnetizing 
effect of it and allowing the current through the 
series coil to energize the magnet and keep the con- 
tact points together. 


How to Locate Troubles 


First take the cover off the cut-out for inspection; 
see that the contact points are open, and that they 
are bright and clean. If they are dirty or corroded 
they can be cleaned with very fine emery cloth or 
with a very fine jeweler’s file. 


Generator Type 


With the test-points, first try out the voltage coil 
to see that it is not open, by holding one point on 
the ground at (G) (Fig. 25), and the other on ter- 
minal (M). The lamp should light and the cut-out 
points should close with a decided click if the voltage 
coil is in good shape. If it is shorted or grounded, 
the light will still indicate a closed circuit, but the 
cut-out points will not close. 


Fig. 24 Fig. 25 


Fig. 24. Dash type of cut-out; 


laced the insi 
SPE a aaa placed on the inside of 


Fig. 25. Generator type of cut-out; placed on top of the 
generator. 


Then test the series coil, by holding one test-point 
on terminal (M) and the other at point, (B). No 
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current should pass between these two points, as 
the circuit is broken by the fact that the cut-out 
points are separated. ‘Then test for a ground in the 
series coil by holding one test-point at (B) and the 
other test-point on the base of the cut-out. 


If the open circuits or grounds cannot be readily 
located and easily fixed by a visual inspection of the 
cut-out, we recommend the substitution of a new 
instrument instead of any attempts to rewind the 
cut-out. 


Dash Cut-Out 


The same inspection and tests are made on this 
type of instrument (Fig. 24), except that the test- 
points are held at the points (M) and (G) for making 
the voltage coil test, and on (M) and (B) for making 
the open-circuit test on the series coil, and at (G) 
and (B) for making the grounded test on the series 
coil. 


To test the generator type it is not necessary to 
dismount it from the generator, but the battery 
lead should be disconnected from it until after the 
tests have been made and the instrument repaired, 
because if the cut-out is accidentally or intentionally 
closed the battery will discharge through the genera- 
tor. 


After the tests on the generator type have been 
made and the trouble eliminated if possible, the bat- 
tery..connection should be made for the regular 
generator test, and the cut-out should be tested to 
see that it cuts in at the proper speed and opens 
py when the speed of the generator falls too 
ow. 


On the dash-type instrument after inspection and 
repairs have been made, or to test a new instrument, 
ee is made for this test on the F. B. Test 

tand. 


J 
fo Xoenrer 
TESTING DASH 


TYPE CUFOUT 4 
A 


Fig. 26. Method of connecting the dash type of cut-out 
with the generator for testing the cut-in and cut-out speeds 
when driving the generator on test. 


How to connect the dash-type cut-out to the SyS- 
tem on the stand is shown in Fig. 26. The middle or 
ground terminal is attached to the copper strip 
fastened to the generator base (G) (Fig. 26). The 
battery lead is then connected to the battery termi- 
nal on the cut-out and, using the jumper, the gener- 
ator terminal on the cut-out is connected to the 
main terminal on the generator. This hook-up 
then puts the cut-out in the circuit, identically the 
same as if it were attached to the dash of the car, and 
it can then be tested for the cutting-in speed and 
for proper opening at low generator speeds. 
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GENERAL DESCRIPTION AND DATA 


Storage batteries are described as being devices for 
storing electrical energy, which may be used for 
various purposes. ‘They do not store the current, 
however, but generate electricity chemically, as 
will be explained farther on. 


Storage batteries are also called “accumulators,” 
and, under certain conditions, they are called 
secondary” batteries. 


The storage battery is used on automobiles for 
starting, ignition, lighting, operating the electric 
horn, and for various other purposes. The storage 
battery is used for starting the gasoline engine, by 
supplying current to an electric motor which causes 
the crank shaft of the engine to revolve. 


Storage battery for ignition: Where a storage bat- 
tery is used for ignition purposes alone, it is usually 
smaller; its capacity being from 40 to 60 ampere- 
hours. Its rate of discharge is about 2 to 5 amperes. 


A storage battery designed for ignition and lighting. 


Fig. 1. 


Storage battery for ignition and lighting: Where 
used for ignition and lighting, and not for starting 
purposes, the capacity ranges from 40 to 120 ampere- 
hours. ‘The sizes in general use are of 40, 60, 80, 
100, and 120-ampere-hours capacity. 


The lighting and ignition battery is never sub- 
jected to a greater discharge than 5 to 15 amperes. 
For this reason, the connectors which connect one 
cell with another are of lighter construction than 
those of a battery used for lighting, ignition, and 
starting. 


Lighting-battery plates are heavier and. thicker 
in construction, being designed for service of low- 
discharge rates. 


Storage battery designed for ignition, lighting, 
and starting: The usual capacity of a battery used 
for this combined purpose is from 90 to 100 ampere- 
hours. A generator operated from the engine keeps 
the battery charged, otherwise it would have to be 
recharged from an outside source. 


The connectors on a battery of this type are very 
heavy, as the discharge, when operating a starting 
motor, sometimes runs as high as 450 amperes; the 
usual rate being from 150 to 200 amperes. 


Fig. 2. A storage battery designed for starting, lighting, 
and ignition. Note the heavy construction of the connectors. 
One end is opened in order to show the plates of one cell. 


The more plates per cell, or the greater the plate 
area, the greater is the batteries’ capacity. There- 
fore, where batteries are designed for starting, light- 
ing, and ignition, there are several thin plates; but 
a large plate area is used. Hence the large capacity 
that is essential where a high discharge is required. 


Meaning of Amperes and Volts and Ampere- 
Hour Capacity 


The meaning of “amperes” and ‘‘volts” is ex- 
plained on page 175. The standard measure of the 
energy put into a battery isin terms of ampere-hours. 


A volt is the unit of pressure which is necessary 
to cause electric current to flow. 


A coulomb is the unit of electrical quantity: such 
a quantity of electricity as would pass in one second 
in a circuit whose resistance is one ohm, under an 
electromotive force of one volt. 


An ampere is the practical unit of electric current 
—such a rate-of-flow of electricity as transmits 
one coulomb per second. The current rate-of-flow 
of 10 coulombs per second is 10 amperes; 50 cou- 
lombs per second is 50 amperes, etc. The amount 
of electricity is not of so much interest as the rate- 
of-flow—the ampere. Therefore this term is the 
one more generally used. 


A higher electrical pressure (voltage) is required 
to force the same current through a small wire than 
through a larger one or through one of increased 
diameter. A higher voltage is required to force 
the same current through a long wire than through 
a shorter one. 


The capacity of a battery is measured in ampere- 
hours. The volume of current flow is measured in 
amperes. A current of one ampere, flowing for one 
hour, is the unit by which capacity is measured, 
and is called ‘‘ampere-hour.”’ 
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The ampere-hour capacity obtainable from a bat- 
tery depends upon the amount of current, consumed 
by the ignition, starting, or lighting system, and the 
capacity or quantity of electricity the battery is 
made to deliver. Lowering the consumption and 
increasing the capacity of the battery increases the 
ampere-hour capacity. The capacity of a battery 
is independent of its electrical pressure. Thus, a 
flow of 10 amperes, maintained for 8 hours, amounts 
to 80 ampere-hours. 


The ampere-hour capacity of a battery, as stated, 
is dependent upon the rate of discharge. The lower 
the rate, the greater will be the capacity. 


The same battery that has a capacity of 100 
ampere-hours, at the 10-ampere discharge rate per 
hour, will have a capacity in excess of 100 ampere- 
hours if discharged at a lower rate, say of 5 amperes 
per hour. 


An example: A certain battery will develop the 
following ampere-hour capacities at the. indicated 
rates: 

50.4 ampere-hours at a 3-ampere discharge rate for16.8 hours, 
42.5 ampere-hours at a 5-ampere discharge rate for 8.5 hours. 


36. ampere-hours at a 714-ampere discharge rate for 4.8 hours. 
30.0 ampere-hours at a 10-ampere discharge rate for 3.0 hours. 


Ampere-Hour Discharge Rate of Battery for 
a Starting Motor 


Let us take as an example a starting motor which 
requires 200 amperes for 3 seconds to crank the 
average engine. This means that. 600 ampere- 
seconds (200 x 3) are taken from the battery. This 
is one-sixth of an ampere-hour. 


If, when running the car, the generator delivers 
6 amperes to the battery, it will require 2 minutes of 
running to replace the current taken out. 


The voltage per cell of a fully charged battery 
during discharge at the 200-ampere rate will drop 


to 1.8 to 1.6, depending on the kind of plates and | 


separators used. 


If a battery has thick, heavy plates and rubber 
Separators instead of wood, the acid cannot act as 
readily on the plates as it can when there are more 
plates but thinner. Acid cannot circulate as readily 
through the hard rubber as through porous wood. 
Furthermore, if the active evtertAT on the plates is 
ae then the acid cannot act as readily as when it 
is soft. 


For these reasons, the plates and separators used 
for the starting battery, which has a very heavy dis- 
charge, are not as thick, and the separators are more 
porous, and the active material is somewhat softer. 
The life of the starting battery of course is not as 
great as with a battery designed for a very low rate 
of discharge. 


Voltage of Battery Cells 


The voltage of a storage battery is determined by 
the number of cells. Each cell gives, on open cir- 
cuit, from 2.1 to 2.2 volts when charged, no matter 
how many plates or what the size of the plates. If 
there are 3 cells to a battery, then the voltage would 


be 6.6 volts; that is, on open circuit, immediately 
after charging. 


Ona discharge, a charged battery will drop to 2 
volts per cell, and if, say, an 80-ampere-hour battery 
is discharged for 8 hours at a rate of 10 amperes per 
hour, the voltage would gradually drop from 2 volts 
per cell to 1.7 volts at the end of the 8 hours, at 
which time it is discharged. 
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After this period, the voltage rapidly drops to 
zero voltage, In a manner similar to that in which 
the pressure of compressed air in a tank dies down 
if the air is drawn off. 

The usual practice in determining the voltage of a 
storage battery is to count the number of cells. If 
there are three cells connected in series, which they 
usually are, each cell is considered as 2 volts, no 
matter how large or how small they may be. 


A 3-cell battery would therefore be termed a “‘6- 
volt battery,” a 6-cell battery would be termed a 
“*12-volt battery,” and soon. The 3-cell, or 6-volt 
battery represents the number of cells in general use 
on most cars. The Dodge uses 6 cells, or a 12-volt 
battery. 


Capacity of a battery: The length of time a bat- 
tery will maintain a certain current output, or am- 
pere-hour discharge, depends upon the capacity of 
the battery, and the capacity depends upon the 
plate area exposed to the electrolyte. For instance, 
an ordinary Jump-spark coil requires approximately 
2 amperes. Therefore a 60-ampere-hour-capacity 
battery would operate the coil for approximately 
30 hours, as the discharge rate is low. If the dis- 
charge rate was high, the ampere-hour capacity 
would be less. 


Battery rating: It is customary for battery manu- 
facturers to rate the battery as a ““60-ampere-hour 
battery,” or as a “100-ampere-hour battery,” ete. 
This means that the battery is capable of giving 
1 ampere for 60 or 100 hours respectively, if fully 
charged, and is discharged at a rate of 1 ampere. 


The voltage of a battery does not entirel depend 
upon the size of the cell or the plate area of the cell. 
A battery is usually rated at 2 volts per cell, but the 
voltage varies slightly under certain conditions. We 
are of course considering a fully charged cell. The 
internal resistance of a cell is what governs the 
voltage. 


If the battery is discharged, the internal resistance 
is greater, because the electrolyte, being less dense, 
offers resistance, and consequently less voltage. 
The higher the gravity up to a certain point, the 
less is the resistance. Too higha gravity (too much 
acid) is detrimental to the plates. When a very 
high discharge is made upon a cell, this calls for 
rapid circulation of the acid. Therefore, if separa- 
tors are not porous, the internal resistance would be 
affected. : 


The capacity of a battery is usually rated in 
ampere-hours, meaning that a fully charged battery 
will discharge at a certain rate a constant current 
for a certain time until the voltage drops to a certain 
value (1.8). The rate of discharge is found by 
dividing the ampere-hour capacity by the hours, as, 
ee example, 8 hours: 90--8=1114 amperes for 8 

ours. 


The capacity depends upon the plate area ex- 
posed to the electrolyte. Ifa Square foot of positive 
plate surface is exposed to the electrolyte, the capa- 
city is usually rated at from 40 to 60 ampere-hours, 
that is, at an 8-hour rate. This, however, varies. 
Temperature, as well as free circulation of the elec- 
trolyte, also affects the capacity of a battery. 


Determining What Capacity of Battery to Use 


Suppose a battery is to be selected for lighting 
purposes alone: 


The first step in determining the proper size of 
battery for “lighting duty” is to decide upon the 
voltage of the lamps. Tungsten lamps, which con- 
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sume about one-third the current required by carbon 
lamps, should invariably be used. 


The second step is to determine the amount of 
current that the battery will be required to deliver. 
Do this by ascertaining, first, the number of lamps 
to be used, the voltage of each, and then determine 
the quantity of current each will take. Then add 
the total, which will give the total amperage re- 
quired. 


In some cases not all the lamps will be operated 
at the same time, and this should be taken into con- 
sideration. Allowance should also be made for an 
other current-consuming devices that may be used. 


Knowing the amount of current that the battery 
will be required to deliver, you can select a battery 
tp - os proper capacity by referring to the table 

ig. 3). 


How to Determine Number of Cells and Plates 
to a Cell by Number on Battery 


In the U.S.L. battery lists, the first letter stands 
for a certain general type or construction. 


For example, in type C-607, the letter “‘C”’ indi- 
cates the use of “‘C” plates, ‘‘C’”’ jars, “‘C’”’ covers, 
etc. The last two figures signify the number of 
plates per cell, and the first figure signifies the num- 
ber of cells in the battery. Thus, battery type 
C-607 has 6 cells of 7 plates each; type A-317 has 3 
cells of 17 plates each. 


The suffix, or right-hand letter, indicates a partic- 
ular assembly or arrangement of the jars in the bat- 
tery box. For example, the letter “B” in type 
C-607-B indicates that the 6 jars are assembled side 
by side in the battery box. 


Exide starting, lighting and ignition batteries: 
Take, for instance, the 3-XC-13-1 battery. The 
number “3” signifies that the battery is made up of 
3 cells; the letters “XC” signify that the plates, 
separators, jars, covers, etc., which go to make up 
the battery, are of the type known as “XC”; the 
number “13” signifies that there are thirteen plates 
in each cell; the figure ‘‘1”’ signifies that the cells are 
assembled in the wood case side to side, this being 
known as No. 1 assembly. 


When the cells are assembled end to end, the 
assembly is known as No. 2. 


The same method of designation is followed out in 
the LX and 8X batteries, also listed in the table of 
““Hxide” batteries. 


Types of Batteries (Exide as an Example) 


Types JX, LX, LXR, LXRV, MHA, PHA, PHC, 
SX, and XC have been designed and built to meet 


the particular requirements of starting, lighting, and 
ignition service for passenger automobiles and power 
boats. 

Types KXD, LXRE, and XE have been especially 
developed to meet the requirements of the exacting 
starting, lighting, and ignition service on motor 
trucks and tractors. 


Types KZ and ZA have been produced particularly 
for motorcycle lighting and ignition service. 


$ Capacity of Exide Batteries 


The ampere-hours obtainable from a battery are 
greater for a long low-rate or intermittent discharge 
than for a short high-rate discharge. By an inter- 
mittent discharge is meant discharges of a few hours 
each spread over a period of three days or more. 
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The following table shows the capacities at differ- 
ent discharge rates for the various Hxide types of « 
batteries. 


LIGHTING CAPACITY 
(IN AMPERE-HOURS) 


TYPE 
AND SIZE OF CELL re 


Fig. 3, Capacity of Exide batteries. 


Age of Batteries 


The age of batteries can be told by repairmen, as 
many of the manufacturers have codes which give 
the date from which time-adjustment can be made. 
These codes are letters or figures stamped on the 
connector, the name plate, or the battery box. 


Some of the codes as supplied to us by the manu- 
facturers are: 


EXIDE AGE OR DATING CODE 


Menth Stamp 
Oct el Ol emacutecnts > xe 
Nove, 108 Gn were as Z 
Deen LOL peti. set & 
Jams mel Ol Sian enemas. A 
Helos; 2100S eaaed B 
Marke LOLs aimee C 
April lO US: sete D 
May LOWSm es eee E 
SUMO LOW Sie ctw a4 0 F 
cpeibie, Aloe 3 Sis aon G 
Aig: ONS a cctecctaist= oi H 
Bepte nl OU Sietercs tere I 
Ooh nl 1S ae eerie J 


EXIDE AGE OR DATING CODE—Continued 


= : - = 
Month Stamp Month Stamp 
Deer LO UO as eeeewieiie & Amit, SRP AVI: Ss Raa a M-1 
ating LO ZO prreeinkere A-1 Feb., (920.0%. ore O-1 
Beb:, 1920 ss iuestet B-1 Mier 10210 anv ctu Q-1 
Wither, WOW, cogs ndueel) Cat Mpril,) LO 2 ny anreeraae R-1 
April, 1920.20... « D-1 ay, O21) emer S-1 
Miay,, 19200 enn E-1 Sunes O21 eens T-1 
June, 1920.5 aacn. F-1 Abie Alen ocanse a U-1 
Sualiye LO 20 renee G-1 ii CPs hn bool 4 V-1 
ING ay OCPD sn coat oe H-1 Sept: VO2L. wanreacie W-1 
Sept., 1920........+: I-1 Oct; TSE OTe cer Y-1 
Oct O20) mae neat J-1 INOWs; LOZ emabennncens Z-1 
Nowy e920 eens sane or K-1 Dee. 192) e0 7 ota &1 
Dec., 1920 L-1 
Note. Since October, 1917, the date of shipment 


from the Exide factory has been stamped on the top 
of the first inter-cell connector link from the negative 
end of the battery and not on the nameplate. 
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VESTA AGE CODE 
‘ ere 

1918 1919 1920 1921 
Saasee thier cans AV AU AT AS 
We biaiaewrn Es Won + BV BU Ba BS 
IV Deare eet s resend aa aees CV CU CT CS 
MAN oral Riess cee encaciaseee DV DU iDyat DS 
Maistre tants eae EV EU ET ES 
JUNEsy citys oe FV FU EE FS 


VESTA AGE CODE—Continued 


1918 1919 1920 1921 
GV GU GT GS 
HV HU sie HS 
IV IU Vey Is 
JV JU dar JS 
KV KU eG) KS 
LV LU bie LS 

Willard 


When batteries are put into service, the date is 
shown in plain figures for the month and year on top 
of the connector. The customer can have his bat- 
tery registered at the Willard service stations. 

The Willard code uses the first letter as the year since 1916, 
using A for 1916, and so on alphabetically. The second letter 


indicates the month in alphabetical order except that I has 
been dropped. 


Prest-O-Lite 
Wet storage batteries shipped from the factory 
are branded with numerals, for example: ‘9-21,’ 
which is September, 1921. 


ASSEMBLY OF STORAGE-BATTERY CELLS 


The arrangement of the cells in the battery box 
can be across the battery box, termed ‘side assem- 
bly,” or lengthwise with the battery box, termed 
“end assembly.” 


ONE OF THREE CELLS 


—BATTERY BOK 


CONNECTOR 


TERMINAL 
COMPLETE BATTERY LINK 
Fig. 4 Fig. 5 


Fig. 4. Side view of a complete storage battery. 


Fig. 5. Top view of a 3-cell battery (6 volts) with one row 
of cells arranged as a ‘‘side assembly.” 


TERMINAL NUT 
CABLE PLUG 


Fig. 6. Top view of a 3-cell battery (6 volts) with one row 
of cells arranged as an “end assembly,”’ 


UN if Fig. 8 


Fig. 7. Top view of a 6-cell battery (12 volts) with one row 
of cells arranged as a “side assembly,” 


Fig. 8. Top view of a 6-cell battery (12 volts) with two rows 
of cells arranged as an ‘“‘end assembly.”’ 


Green seal or bone-dry batteries, when shipped to 
distributors, are not branded. Distributors are 
supplied with plates, with a space on them for in- 
scribing the battery’s date of service. This is on 
the side of the battery, and is usually inscribed by 
the distributor by means of a set of dies. 


How to Tell if a Battery Has Been Repaired 
or Rebuilt 


A rebuilt or repaired battery can usually be deter- 
mined by noticing if the connectors have been 
removed. When these have been replaced and 
burned, a bright spot will appear in the end of each 
connector, and usually the numbers which were 
moulded on the connector will have been taken off. 


Standard Size of a Starting and Lighting 
Battery as Determined by the S. A. E.2 


Overall width, from side to side of case, not to 
exceed 714”. 


Overal]l height, from bottom to top of handles, 
not to exceed 914”. 


Overall length, measured from end to end of case, 
including handles, shall vary according to capacity 
and details of design. Handles shall, as standard, 
be placed at the ends of the battery. The space 
occupied by the handles, hold-down devices, shall 
be in the direction of width of battery. Terminals 
and connections shall not extend above handles. 


See 
ise. s}a.o18 915 
eer 


Fig. 9. Top view of an 8-cell battery (16 volts) with one 
row of cells arranged as a “‘side assembly.” 


Baeee st 
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Fig. 10. Top view of a 9-cell battery (18 volts) with one 
row of cells arranged as a ‘‘side assembly.” 


Fig. 11. Top view of a 9-cell batter 18 volts) wi 
rows of cells arranged as an “end pee ore) epics 


& 
Cell Connections 


The battery voltage is determined by the number 
of cellsit contains, each cell being of a 2-volt capacity. 


a 


Fig. 12. Arrows show dineoeen of current flow f, 
cell during discharge on a 6-cell, 12-volt battery, Sune 
cots poe by atta (oe flow out from the (++) 
al to the circui en back to the (— i 
All cells are connected in series, wae rate ater 


1 Society of Automotive Engineers. 


THE STORAGE BATTERY; GENERAL DESCRIPTION 


Cells are usually connected in series, that is, the 
(—) terminal of one cell is connected with the (+) 
terminal of the next cell, and so on, as shown in Fig. 
12. It is possible to connect cells so that a lower- 
voltage lamp or ignition circuit can be used on a 
higher-voltage battery. 


Pr SPSL. 


Fig. 13. Arrows show path of current from cell to cell on a 
battery during discharge, on a 3-cell, 6-volt battery. All cells 
are connected in series. 


When a battery is discharging into a circuit, the 
current flows from the (+) terminal of the battery 
to the circuit, back to the (—) terminal of the bat- 
tery. The arrow points in Fig. 12 show the path of 
the current when discharging. 


When a battery is being charged by a generator, 
the current path through the battery is in the oppo- 
site direction. 


€1L10A 21 


Fig. 14 Fig. 15 


Fig. 16 


Fig. 14. A 6-cell (12-volt battery) supplying current for 
one circuit of 12-volt lamps. Lamps are connected parallel 
across the circuit or line. If each lamp takes 1 ampere, the 
discharge of the battery would be 3 amperes. 


Fig. 15. A 6-cell (12-volt) battery supplying current for 
two lamp circuits of 6 volts each circuit. The third wire is the 
neutral wire, and connects with a neutral link or connection of 
the battery. Thus a neutral wire divides the battery circuit 
into three cells on each side. 

The lamps are connected parallel across the line. If each 
lamp takes 1 ampere, then 3 amperes would be taken from the 
three cells on the right and 3 amperes from the three cells on 
the left, or 3 amperes from the six cells. Therefore it is plain 
that the load on each side should be divided equally, so as not 
to discharge one side more quickly than the other. 

This battery would be charged by connecting the end termi- 
nals (-++) and (—) with a 12-volt charging circuit. 


If one lamp burns out, it would not affect the other lamps. 


The circuit of 3 lamps on the right would be from the (+) 
terminal of the battery to the lamps on the right, to the neutral 
wire, to the (—) terminal of the third cellin the center (right). 

The circuit of 3 lamps on the left would be from the (+) 
terminal (top center cell at the left), to the neutral wire, 
through the lamps, to the (—) terminal of the battery. 


Fig. 16. <A 6-cell (12-volt) battery supplying current for one 
circuit of 12 volts. Two lamps are connected in series and 
then parallel across the line. Hach lamp is 6 volts and two 
in series would operate on 12 volts. 

If each lamp required 1 ampere, each of the two lamps across 
the line would draw 1 ampere; thus 3 amperes would be the 
battery discharge. If one of the two lamps across the circuit 
should burn out, the other lamp would go out, as its circuit 
would be open. The other lamps, however, would not be 
affected. 

Amperes do not express quantity. It willno doubt appear to 
the reader that the battery in Fig. 15 or Fig. 16 would be dis- 
charging 6 amperes. ‘This is the result of considering amperage 
in terms of quantity of electricity; whereas it should be con- 
sidered as expressing rate of flow, or speed of current. 

In order to produce light, it is necessary to have power, and 
in Figs. 15 and 16, we have assumed that each 6-volt lamp 
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draws 1 ampere. Therefore, the power required to light each 
lamp is 6 volts X1 ampere=6 watts per lamp. 


In Fig. 15, we have six lamps, each requiring 6 watts power, 
or a total of 6 X6=36 watts are necessary to cause the six lamps 
to burn. The battery supplies power at a pressure of 12 volts; 
consequently the current discharging from the battery would 
be 36 watts+12 volts=3 amperes. For the same reasons, the 
current in Fig. 16 would also be 3 amperes. 


6 VOLT DISCHARGE 
FOR LIGHTS 


\8VOLT 
DISCHARGE FOR MOTOR 


ST. SWITCH 


STARTING MOTOR 


Fig. 16B. A 9-cell (18-volt) battery connected so that it 
will discharge at 18 volts for a starting motor and at 6 volts for 
: lighting circuit. The battery is charged by an 18-volt genera- 

or. 


The charging circuit is from the (+) brush of the generator, 
through the cut-out points when closed, to the (++) terminal of 
the battery, through the nine cells connected in series, to the (— ) 
terminal of the battery, to the (—) brush of the generator. 


The discharging circuit of the starting motor is from the (-++} 
terminal of the battery, to the starting switch, to the motor 
brush, through the motor field and armature, to the (—) brush, 
to the (—) terminal of the battery. This circuit is never on 
when the generator is charging the battery. 


The discharging circuit for 6-volt lights: The lead wire for 
the lighting circuit is tapped on to the connector which connects 
with the lower cell at the left. Thus (+) current is derived 
from this lower left cell. The circuit is then through the lamp 
to the (—) terminal of the cell on the lower right. Note that 
there are 3 cells, or 6 volts used for the lighting circuit. 


DOUBLE POLE 
3 WAY SWITCH 


n } 


6VOLT 
GENER ey R 


= G3 


Fig. 17. A 6-volt generator charging a 6-cell (12-volt) bat- 
tery. 


Circuit of generator charging battery: We shall assume that 
we have a double-pole switch and that it is thrown to the right, 
so that 10 and 6 and 13 and 14 are connected, 


The circuit for the three lower cells would then be from the 
(+) brush of the generator to (6), to (10), to the (+10) terminal 
of the battery, then through the three lower cells to the (— 13) 
battery terminal, to (13) on the switch, to (14) which is 
grounded (G1), to the (—) grounded brush of the generator 


(G3). 
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The circuit for the three upper cells would be from the (+) 
brush of the generator to (6), through a permanent connection 
to (12), to the (+12) terminal of the battery, through the three 
upper cells, to the (—) grounded terminal of the battery (G2), 
to the (—) ground of the grounded brush of the generator (G3). 


This would be termed a series and multiple connection. 
There are two sets of three cells of batteries connected in series} 
then the two sets are connected in multiple with the generator. 
This is the principle used on the 1917 “Maxwell 25,” where a 
6-volt generator and a 12-volt starting motor were used (see 
Index for Maxwell diagram). 


The starting motor circuit is shown below (Fig. 17A). We 
shall assume that the switch lever has been thrown to the left, 
thus connecting 10 and 11, and 12 and 13; 6 and 14 have been 
cut out, opening the generator circuit. 


The starting-motor circuit is then from (+12) of the battery, 
to (12) on the switch, to (13) on the switch, to battery terminal 
(—13), through the three lower cells to (+10), to (10) on the 
switch, to (11), to the (+) brush of the starting motor, through 
the starting motor field and armature, to the (—) grounded 
brush of the starting motor (G3), to the (—) grounded terminal 
of the battery (G2), through the three upper cells, to (-++12), 
where we originally started. 


This would be termed a straight series connection. The six 
cells of the battery are connected in series with the starting motor. 


ca 


12 VOLT 
MOTOR 
- Rt 


STORAGE BATTER 


G3 


—S-— - - =  S 


Fig. 17A. This illustration presents the same 12-volt bat- 
tery as shown in Fig. 17. It is now being used on discharge 
to operate a 12-volt motor. Note how the battery connections 
are changed at the switch, in order to place the six cells in series, 
thus obtaining 12 volts from the battery. 


Fig. 18. A 6-cell (12-volt) battery with cells connected in 
series. In this case we should have a voltage of 12 volts at 
the battery terminals. 


Tf each cell had a capacity of 80 ampere-hours with this 
straight series connection, we should obtain only an 80-ampere- 
hour capacity from the six cells at 12 volts. 


Watts=volts Xamperes; 12 volts X80 amperes=960 watts. 
Therefore the watt capacity is 960. 


Fig. 18A. A 6-cell battery with two sets of three cells con- 
nected in series, which would be 6 volts for each set. The two 
sets are then connected to the line in multiple. At the (-+) 
and (—) terminals of the wires, we should have 6 volts, or the 
voltage of three cells in series. If the cells are of 80 ampere- 
hour capacity, we should have an 80-am pere-hour capacity for 
each set of three cells in series, or a 160 ampere-hour capacity 
for the two sets connected in multiple at 6 volts, 


The watt capacity would be the same as in Fig. 18; for 
example, 6 voltsX160 amperes=960 watts. Therefore the 
total output or capacity, as shown in Figs. 18 and 18A, is the 
same, the only difference being the rate of output. 


PARTS OF A MODERN STARTING, LIGHTING, AND IGNITION BATTERY 
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80 AMPERE-HOUR 
CAPACITY 


160 AMPERE-HOUR 
+ CAPACITY = 


Fig. 18A 


6 VOLTS 


240 
AMPERE-HOUR 
CAPACITY 


t8 VOLTS 


80 
AMPERE-HOUR 
CAPACITY 


Fig. 18B Fig. 18C 


Fig. 18B. A 9-cell (18-volt) battery with cells connected 
in series. The terminal voltage is 18 volts. The ampere- 
hour capacity is 80 ampere hours, assuming that each cell is an 
80 ampere-hour capacity bat tery. 


Watt capacity would be 18 volts X80 amperes =1,440 watts. 


Fig. 18C. A 9-cell (18-volt) battery with three sets of three 
cells connected in series, which would be 6 volts for each set. 
The three sets are then connected to the line in multiple. At 
the terminals, or wires, we shxald have 6 volts, or the voltage 
of three cells in series. : 


If cells are of 80 ampere-hour capacity, we should have an 
80 ampere hour Capacity for each set of three cells in series, or 
240 ampere-hour capacity for the three sets connected in multi- 
ple, at 6 volts. 


The watt capacity would be the same as in Fig.18B. For 
example, 6 volts 240 amperes =1,440 watts. 


_ The capacity of the battery, as will be observed in the examples 
given, 1s greater when the cells are connected in multiple than 
when connected in straight series. The voltage, however, is 
less; thus the watt capacity is equalized, 


(THE EXIDE 


USED AS AN EXAMPLE) 


‘The external parts of the Exide type “3-XC-13,” 
manufactured by the Electric Storage Battery Co., 
Philadelphia, Pa., are shown in the illustration 
(Figs. 20 and 21). By referring to page 523, we 
find that 3-XC-13 means 8 cells usin plates, separa- 
tors, jars, covers, ete., of the XC type; the 13 
signifies that there are 13 plates in each cell. If 
there are 13 plates in each cell, then there would bé 
7 negative plates and 6 positive plates, as there are 
always more negative than positive plates. 


The internal parts consist of, first, a wooden case 
for holding the cells. The cells are then placed in 
the wooden case, made of hard wood, thoroughly 
coated with an acid-proof paint. The jars in which 
the plates are placed are made of hard rubber. 
There are three jars or cells in this case; thus it isa 
6-volt battery. 


Note in Fig, 21, that a section is cut away to show 
the parts of the cell in the jar at the end of the case. 


THE STORAGE BATTERY; GENERAL DESCRIPTION 


Fig. 20. 
connections. 


Starting and lighting battery. Note the heavy 
(Exide type 3-XC-13.) 


Observe, first, that there is a negative plate, then a 
separator, then a positive plate, and so on, until 
there are 13 plates per cell (Fig. 21). 


Cell 
Connector 


Filling Plug 
Seal Nuf = 


Cover 
Positive 
Jt 


rap 


Jar 


“3-XC-13,” 


Fig. 21. The Exide 8-cell battery; 


shown in section. 


type 


Jar:! The cell container is a rubber jar of special 
composition which will withstand the vibration of 
the car and any ordinary handling without breakage. 
The plates rest on stiff ribs or bridges in the bottom 
of the jar (Fig. 27), allowing space for the gradual 
accumulation of “sediment.” 


The plates are different in color, the positive (lead 
oxide) being a deep chocolate color, and the negative 
a gray (pure lead). 


The plates are pasted and formed in groups. A 
positive and a negative plate of the Exide make are 
shown in Figs. 22 and 23. 


Group: -A set of plates burned to a strap is known 
as a “group,” either positive or negative. 


Fig. 24 shows a negative group of seven negative 
plates. 


1 The Exide battery is now using a composition ease called 
Gummite, which is a very hard and durable substance in which 
some of the batteries are being assembled. ‘This case takes 
the place of the rubber jars formerly used with each cell and of 
the wood case. The case is made with three compartments so 


that the plate elements are put right in these compartments 
and then sealed with the regular cover. 
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Lug 


658 70 19a 


Fig. 23 


€58 co 196 


Fig. 22 
Fig. 22. 
Fig. 23. 


“Positive” plate, brown or dark. 
“Negative” plate, gray or light color. 


Strap> 


£S.8c0 1203 


Fig. 24. A group consisting of seven negative plates and 
post and strap burned to lugs of plates. 


A positive group would be arranged in the same 
manner, except that there would be one less plate of 
the positive group, or six plates. 


Positive ares 


group 


v 


aca (goa 
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Fig. 25. Two groups, or the negative and positive plates, 
are called ‘‘elements.”’ he two groups are interleaved, that 
is, the positive group of 6 plates is placed between the negative 
group of 7 plates, with wood separators between them. Thus 
two of the negative plates are always on the outside. 


Element: A positive and a negative group 
together with the separators constitute an “ele- 
ment,’’ as explained above. 
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Fig. 26. Separators, which are placed between the plates. 


Fig. 27. Jar with side open to show ribs at the bottom on 
which the element rests. 


Separators: When the positive and negative 
groups are assembled together, the adjoining plates 
are insulated, or kept out of contact with each other, 
by means of wood separators, ribbed side against the 
positive plate. The separators (Fig. 26) are made 
of wood particularly adapted for the purpose and 
given a special treatment to remove harmful sub- 
stances (explained farther on). 


Lugs: Both the positive and negative plates are 
provided with an extension or “Jug” at the top of 
each plate (see Fig. 23). The positive lugs come at 
one side of the jar and all the negative lugs at the 
other, thus enabling each set to be burned together 
with a connecting “strap,” giving one positive and 
one negative pole. The burning is done by a hydro- 
gen flame, or an electric arc, which melts or fuses 
the metal of both lugs and strap into an integral 
union, 


Straps: The straps (Fig. 24) are made of a hard 
lead alloy and are burned to the lugs on the plates. 
The straps are provided with “posts” to which the 
cell connections are made. 


Connectors are then placed so as to join the posts 
of one (—) group to the post on a (+) group in the 
next cell. See Fig. 21, “cell connector,” showing 
how the connectors are placed. The connectors are 
burned to the posts. Sometimes they are not 
burned well, and a loose connection which causes 
heating and resistance is the result. 


Electrolyte: The fluid, known as ‘ ‘electrolyte,”’ 
is dilute sulphuric acid. The element (explained 
above, see Fig, 25) is placed in the jar with the elec- 
trolyte. This is also termed the “battery solution” 
(explained farther on), 
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Fig. 28. Exide filling plug and sectional view of cover with 
plug removed. 


Illustration (Fig. 28) shows the filling plug, together with a 
section of the ee with the plug out. The filling tube is the 
opening in the cover throug which water may be added to 
replace evaporation, and through which hydrometer readings 
may be taken. The plugis so arranged as to catch electrolyte 
spray and return it to the cell, thereby keeping the top of the 
battery dry. It should always be kept tightly in place, except 
when adding water or testing. 


When the complete element is placed in the jar 
and the electrolyte is in the jar, before the connectors 
are burned or welded in place, the cover and vent 
tube are placed over the top of the jar and sealed. 
The connectors are then burned to the posts. 


Cover: The jar cover and method of sealing and 
venting is very important. The cover on the 
“Exide” battery (Fig. 28) is flanged in such a way 
as to give a more perfect seal to the jar than the old 
flat type of cover, and each cell is a separate sealed 
unit. 


Vent or filler plugs are made of hard rubber, and 
screw into an opening in the cover. They are neces- 
sary in order that the gases generated in the battery 
when charging or discharging may escape, but the 
acid cannot splash out. They are also removed for 
the purpose of refilling, or putting water into the 
jar. 


The small vent-hole should be kept open, as it 
is very necessary that the gases escape. 


By looking down into the filler tube when adding 
water, it can be seen when the electrolyte is at the 
bottom of the tube, which is the correct level, 


There are a number of different methods used for 
refilling and for ventilation. The purpose is the 
same in all, however, 


Terminals: The positive terminal is marked (+), 
and can always be determined by the dark color. 
The negative terminal is a light-gray color, and is 
marked thus (—). 


For directions for testing a wire. ead from a generator or 
battery for its polarity, if not marked, see Index under ‘‘Polar- 
ity, how to find.” 


THE DRY STORAGE BATTERY 


The difference between the “wet storage battery” and the 
Ae forage battery” lies chiefly in the method of preparing 
the acid. 


The “wet storage battery” uses liquid electrolyte, and it is 
the sulphuric acid in this electrolyte which conducts the 
current, or, in other words, the sulphuric acid in the solution 
between the plates allows the current to flow through it. For 
a certain amperage discharge a certain amount of sulphuric 
acid must be used. The less acid, the greater the resistance. 


When a battery is charged, the acid is mostly in the solution. 
When a battery is discharging, the acid is diffused or circulated 
through the separators into the plates, and the plates gradually 
absorb the acid from the solution. The capacity of a battery 


therefore depends upon the diffusion or circulation of the acid. 


__ bite battery is discharging at a slow rate, the diffusion action 
is slow; if discharging at a high rate, as, for example, when 
used for Operating a starting motor, the discharge is heavy 


When a charged battery is put on discharge, the diffusion 
action is more rapid because there is very little sulphate to 
clog the pores of the active material. As the discharge pro- 
gresses, sulphate begins to form on the active material on the 
plates and fills up the pores, and diffusion is slower. Badly 
sulphated plates or clogged separators will cause slow diffusion. 

Where batteries are used for stationary work and discharge 
rates are moderate, as with farm lighting batteries, etc., the 
diffusion action ig slower, and it is thus possible to use larger 


cells and a greater quantity of solution with a lower acid gravity, 
which is easier on the plates and separators, 


With a battery for automobile use, for lighting and starting 
work, the battery must be very compact, and only a limited 
space is provided for the solution. Thus a higher acid gravity 
must be used in order to obtain rapid diffusion, because at a 
half-discharged point, most of the acid would be in the plates 
and not in the solution, 


The “dry storage battery” does not use liquid electrolyte. 
Usually, sulphuric acid is mixed with some kind of silicate 
base which, after being poured into the cells, turns to a jelly 

d the principle or action is then similar to the 


This type of battery is not a new idea, and it would appear 
to be a very satisfactory battery for low-rate discharge. For 
a high rate of discharge, however, as with a starting motor, the 
question arises as to whether or not the diffusion action would 
be rapid enough. 


It is claimed by some of the dry-storage battery manu- 
facturers that this type of battery is an advantage, in that no 
peas are used, and that there being no liquid, it will not 
reeze, ete 


As we are unable to obtain sufficient information from 
manufacturers of this type of battery, it is not our intention 
to condemn it, but inasmuch as the majority of automobiles 
are using the “wet storage battery,” it is with this type that 
we shall deal in our instructions. : 
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THE STORAGE BATTERY; 
OF ACTION: 


INTERNAL CONSTRUCTION; PRINCIPLE 
Electrolyte; Hydrometer Tests 


GLOSSARY TO THE STORAGE BATTERY INSTRUCTION! 


This glossary is provided for reference, in case the 
reader 7s not familiar with words or terms used. 

Acid: As used in this book, this word refers to 
sulphuric acid (H,SO,), the active component of the 
electrolyte. 

Active material: The active portion of the battery 
plates: peroxide of lead on the positives, and spongy 
metallic lead on the negatives. 

Alternating current: Electric current which does 
not flow in one direction only (like direct current), 
but rapidly reverses its direction or “alternates” in 
polarity, so that it will not charge a battery. 

Ampere: The unit of measurement of the rate of 
flow of electric current. 

Ampere hour: The unit of measurement of the 
quantity of electric current. Thus, 2 amperes flow- 
ing for 14 hour, equals 1 ampere-hour. 

Are burning: Making a joint by means of electric 
current which melts together the metal of the parts 
to be joined. ‘ 

Battery: Any number of complete cells assembled 
in one case. 

Battery terminals: Devices attached to the posi- 
tive post of one end-cell and the negative of the 
other, by means of which the battery is connected to 
the car circuit. 

Buckling: Warping or bending of the battery 
plates. 

Burning strip: A convenient form of lead in strips, 
for filling up the joint in making burned connections. 

Case: The containing box, which holds the bat- 
tery cells. 

Cell: The battery unit, consisting of an element 
complete with electrolyte in its jar, with cover. 

Cell connector: The metal link which connects the 
positive post of one cell to the negative post of the 
adjoining cell. 

Charge: Passing direct current through a battery, 
in the direction opposite to that of discharge, 1n order 
to put back the energy used on discharge. 

Charging methods: ‘‘Series” method and ‘‘Constant Poten- 
tial’? method—see page 579. 

Charge rate: The proper rate of current to use in 
charging a battery from an outside source. It is 
expressed in amperes and varies for different sized 
cells. 

Corrosion: The attack of metal parts by acid 
from the electrolyte; it is the result of lack of clean- 
liness. a. 

Cover: The rubber cover which closes each indi- 
vidual cell; it is flanged for the sealing compound, 
to insure an effective seal. 


Diffusion: The act of spreading or circulating in every 
direction. The action of the acid mixing with the water that is 
left in the pores of the plates and at the surface of the plates 
from discharge, is explained as follows: When the battery 1s 
being discharged, the acid in the pores of the plates and right 
at the surface of the plates breaks up into water and sulphates, 
the sulphate going into the plates as lead sulphate. This 
leaves water in the pores of the plates and at the surface of the 
plates. In order for the storage-battery action to continue, 


1 From Exide Manual except sections in smaller type. See 
page 556 for ‘Storage Battery Troubles” and page 454 for 
“Digest of Troubles.’ 


fresh acid must be obtained from the reserve outside of the 
plate or in the cell, and this is accomplished by this outside 
acid diffusing or mixing with this water and forming acid 
again in the pores of the plates and at the surface of the plates. 


_ Dry-storage battery: A type of battery using a paste or 
jelly substance instead of liquid electrolyte. See page 528. 
The “wet” battery is in general use, and is the type dealt with 
in these instructions. 

Discharge: The flow of electric current from a 
battery through a circuit. The opposite of “charge.” 

Electrolyte: The fluid ina battery cell, consisting of 
specially pure sulphuric acid, diluted with pure water. 

Element: One positive group, and one negative 
group, with separators, assembled together. 

Filling plug: The plug which fits in and closes the 
orifice of the filling tube, in the cell cover. 

Flooding: Overflowing through the filling tube. 
With the ‘Exide’ automatic filling tube, this can 
usually occur only when a battery is charged, with 
the filling plug out. 

Freshening charge: A charge given to a battery 
which has been standing idle, to insure that it is in a 
fully charged condition. 

Gassing: The bubbling of the electrolyte caused 
by the rising of gas set free toward the end of charge. 

Generator system: An equipment, including a 
generator, for automatically recharging the battery; 
in contradistinction to a straight storage system 
where the battery has to be removed to be recharged. 

Gravity: A contraction of the term “specific 
eravity,” which means the density, compared to 
water asa standard. See ‘Specific gravity” below. 

Grid: The metal framework of a plate, supporting 
the active material, and provided with a lug for con- 
ducting the current and for attachment to the strap. 

Group: A set of plates, either positive or negative, 
joined toastrap. Groups do not include separators. 

Hold-down clips: Brackets, for the attachment 
of bolts, for holding the battery securely in position 
on the car. 

Hydrogen flame: A very hot and clean flame of 
hydrogen gas and compressed air, used for making 
burned connections. 

Hydrogen generator: An apparatus for generating 
hydrogen gas for lead burning. 

Hydrometer: An instrument for finding the spe- 
cific gravity of the electrolyte. 

Hydrometer syringe: A glass barrel enclosing a 
hydrometer and provided with a rubber bulb for 
drawing up electrolyte. 

Jar: The hard-rubber container, holding the ele- 
ment and electrolyte. 

Lead burning: Making a joint, by melting to- 
gether the metal of the parts to be joined. 

Lug: The extension from the top frame of each 
plate connecting the plate to the strap. 


Maximum gravity: The highest specific gravity 
which the electrolyte will reach by. continued char- 
ging; indicating that no acid remains In the plates. 


Oil of vitriol: Commercial name for concentrated 
sulphuric acid (1.835 specific gravity). This 1s 
never used in a battery and would quickly ruin It. 
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Plates: Metallic grids, supporting active material. 
They are alternately positive (brown) and negative 
(gray). 

Polarity: Electrical condition. The positive 
terminal of a cell or battery, or the positive wire of a 
circuit, is said to have positive polarity; the nega- 
tive, negative polarity. 

Post: The portion of the strap extending through 
the cell cover, by means of which connection is made 
to the adjoining cell, or to the car circuit. 


Rectifier: Apparatus for converting alternating 
current into direct current. 


Resistance: Material (usually lamps or wire) of 
low conductivity, inserted in a circuit to retard the 
flow of current. By varying the resistance, the 
amount of current can be regulated. 


Rubber sheets: Thin, perforated hard-rubber 
sheets, used in combination with the wood separa- 
tors in some types of batteries. They are placed be- 
tween the grooved side of the wood separators and 
the positive plate. 


Sealing compound: The acid-proof compound, 
used to seal the cover to the jar. 


Sealing nut: The notched round nut which screws 
on the post and clamps the cell cover. 


Sediment: Active material which gradually falls 
from the plates, and accumulates in the space below 
the plates, provided for that purpose. 
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Separators: Sheets of grooved wood, specially 
treated, inserted between the positive and negative 
plates to keep them out of contact. 


Short circuit: A metallic connection between the 
positive and negative plates within a cell. The 
plates may be in actual contact or material may 
lodge and bridge across. If the separators are in 
good condition, a short circuit is unlikely to occur. 


Spacers: Wood strips, used in some types to 
separate the cells in the case, and divided to provide 
a space for the tie bolts. 


Specific gravity: The density of the electrolyte 
compared to water as a standard; often abbreviated 
as “gravity” or “sp. gr.” or “S. G.” 

Starvation: The result of giving insufficient 
charge, in relation to the amount of discharge, result- 
ing in poor service and injury to the battery. 


Strap: The leaden casting to which the plates of a 
group are joined. 

Sulphated: The condition of plates having an ab- 
normal amount of lead sulphate, caused by “starva- 
tion,” or by allowing the battery to remain dis- 
charged. 


Tie bolts: Bolts which, in some types, extend 
through the battery case between the cells, and 
clamp the jars in position. 

Top nut: The hexagon nut which, in batteries 


with belted connections, screws on the post, and 
holds the connectors and sealing nut in place. 


ELECTROLYTE 


Electrolyte (also termed battery solution) is put 
into the jar in which the plates are submerged. It 
consists of chemically pure sulphuric acid having a 
specific gravity of 1.835 (H.SO,),! diluted with 
water (H,0), the proportion being about 1 part of 
sulphuric acid to 2/4 parts of water, by volume, this 
proportion of water and acid being such that the 
density of the solution will have a specific gravity of 
about 1.300 at 70° F. See table, Fig. 5, page 535. 


Concentrated sulphuric acid (full strength) is a 
heavy, oily liquid having a strength or specific grav- 
ity of about 1.835. 
quickly ruin it, and must, therefore, first be diluted 
with pure water to the proper strength for the 
aed type of battery cells to which it is to be 
added. 


Chemically pure electrolyte: Both the water and 
the sulphuric acid used in making electrolyte should 
be chemically pure to a certain standard. This is 
the same standard of purity as is usually sold in 
drug stores as “CP” (chemically pure), or by the 
chemical manufacturers, as “battery acid.” 

In this connection, the expression ‘‘chemically pure” acid is 
often confused with acid of “full strength,’ Acid may be of 


full strength (approximately 1.835 sp. gr.) and at the same time 
not chemically pure. . 


If this chemically pure acid of full strength be mixed with 
chemically pure water the mixture would still be chemically 
pure, but not of fullstrength. On the other hand, if a small 
quantity of some impurity be introduced into chemically pure 
acid, it would not materially reduce the strength, but would 
make it impure. 


The usual method of determining the strength or 
density of electrolyte is by taking its specific gravity. 
The method is possible on account of the fact that 
sulphuric acid is heavier than water. Therefore 
the greater the proportion of acid contained in the 
electrolyte, the heavier the solution, or the higher 
its specific gravity. The mixing of electrolyte is 
explained on page 534. 


1See page 536 for meaning of H2SO,, etc. 


If put into a battery, it would. 


Specific Gravity 

By specific gravity is meant the relative weight of 
any substance compared with water as a basis. 
Pure water, therefore, is considered to have a specific 
gravity of 1, usually written 1.000, and spoken of 
as “ten hundred.” One pound of water is approxi- 
mately one pint. An equal volume of concentrated 
sulphuric acid (oil of vitriol) weighs 1.835 pounds. 
It therefore has a specific gravity of 1.835, and is 
spoken of as “eighteen thirty-five.” Acid of course 
is much heavier and denser than water. 


If water is mixed with the sulphuric acid, it will 
reduce its specific gravity from 1.835. The more 
water that is added, the nearer its specific gravity 
will come to that of water (1.000). Thus when a 
hydrometer reading is taken, and shows the specific 
gravity to be 1.100, it will be seen that it is almost 
water. 


Why Four Figures Are Used in Reading Specific 
Gravity 


As stated, water is taken as a standard unit, or as 
1, or if divided into one thousand parts, it would 
then be expressed decimally as 1.000 ( 1,000/1,000), 
and if mixed with acid to a certain proportion, say 
1.400, it would mean 1,400/ 1,000, or 1.4 (154). 


_, Hf acid, which is heavier than water, is mixed with 
it, 1t will increase the weight or gravity of the solu- 
tion or mixture. 


If a sufficient amount of.acid is used to make a 
1.400 specific-gravity solution, it simply means that 
instead of the volume weighing 1 lb. , Which it would 
do if pure water, it will weigh 1,4) lbs., which, 
reduced to a decimal fraction, would be 1.4, 


A solution often tests in fractions, which necessi- 
tates carrying out the decimals to a greater length, 
in_ order accurately to express the gravity of the 
solution, as, for instance, 1.275. Therefore quite 
often, in fact more often than not, four figures are 
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necessary with most of the readings. Thus instead 
of expressing a reading as 1.4, the two extra ciphers 
are added so as to make any gravity be expressed 
uniformly in thousandths, instead of in tenths. 


Farther on, explanations will be given, showing 
that when a battery is fully charged, the specific 
gravity is 1.275 to 1.300. This is as strong a mix- 
ture as dare be used ina battery. When the battery 
is fully charged, the acid and water are combined in 


the solution. But when the battery is being dis- 
charged, the acid goes into the plates; when it is 
fully discharged, there is very little acid left in the 
solution. If its specific gravity were tested under 
these conditions, it would be found that it is almost 
water, and (when the battery is fully discharged) 
would have a specific gravity of about 1.120 or 1.150. 
This explains the fact that the solution in a battery 
freezes when the battery is discharged. 


A STORAGE-BATTERY HYDROMETER 


A hydrometer is used to test the specific gravity of 
the electrolyte when it is being mixed, and also for 
testing the specific gravity of the solution in a cell 
to see if it is charged or discharged. 


If a battery is fully charged, the specific gravity 
will be between 1.275 and 1.300. 


If fully discharged, the specific gravity will be 
between 1.150 and 1.120. See table in Fig. 1. 


Note. Where a battery is used for starting motors, 1.275 to 
1.300 sp. gr. at 70° F. is the ‘‘full charge,’’ or.top mark for bat- 
tery specific gravity. A battery with gravity below 1.225 can 
hardly inject the requisite energy into the starter to spin the 
engine, so that 1.225 is practically the low mark. Then 1.280 
minus 1.225=.055, termed ‘55 points,’ covers the range 
between full charge and complete discharge. 


Of course, a battery with gravity below 1.225 can operate the 
lights at a lower gravity. Suppose you try a hydrometer diag- 
nosis and find the reading to be 1.255. Then 1.280 minus 1.255 
=221% out of the 55 points of full range, from which you know 
that your battery is half-charged or half-discharged. 1.260 
indicates three-quarters charged or one-quarter discharged. 


A battery’s capacity is considerably less during zero weather 
than in summer heat. Hence the importance of seeing that it 
is kept fully charged. 


HYDROMETER SYRINGE 


HYDROMETER FLOAT ~~ 
FREEZING POINTS: 
1.120--20 ABOVE O 
1.160 ----------- 0 
1.210--20 BELOW O 


1.260--60 BELOW O 
=< 1.300 --90 BELOW O 


FULLY DISCHARGED 1.120 
3/4. DISCHARGED 1.160 


1/2 DISCHARGED 1.210 — 
1/4 DISCHARGED 1.260 
FULLY CHARGED:1.275- 1.300 — 


ACID LEVEL IS NOW- 
SHOWN AT 1.300 
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Fig. 1._ A hydrometer syringe for testing the specific gravity 
of electrolyte or battery solution. Note the table showing 
“charged” and “discharged” readings and “freezing points 
of electrolyte. 


Construction of a hydrometer syringe: This 
device consists of a closed glass tube with a rubber 
bulb at one end and a rubber or glass tube (R) at 
the lower end, termed the nozzle. Inside of the 
glass tube a hydrometer is provided, with a gradu- 
ated scale. A reading of this scale shows the specific 
gravity of the electrolyte. 


Method of use: To test the specific gravity of the 
electrolyte in a cell, the vent plug is removed and 
nozzle (R) is inserted. The rubber bulb is de- 
pressed, which draws the electrolyte into the glass 
tube when released. Thus if a sufficient quantity is 
drawn into the tube, the hydrometer will float in 
the electrolyte. A small quantity of small shot is 
placed in the bottom of the hydrometer in order that 
it may sink to a certain depth, and to cause it to 
stand upright. 


It will be observed that the highest specific grav- 
ity readings of the scale are at the lower part of the 
hydrometer, whereas the lowest readings are toward 
the top of the hydrometer. 


The denser the electrolyte, the less will the hy- 
drometer sink into it; therefore the specific gravity 
reading will be higher. 


The less dense the electrolyte, or the nearer it 
approaches the density of water, the deeper the 
hydrometer will sink into the electrolyte; therefore 
the specific gravity reading will be lower. 

To prevent the hydrometer from sticking to the side of the 
barrel, it is necessary that the syringe be held in a vertical 


position. The reading is taken at the surface of the electrolyte 
and when there is no compression on the bulb. 


When the specific-gravity readings of electrolyte 
are taken, the temperature of the latter is supposed 
to be at 70° F. If the electrolyte is warmer or 
colder than this, it will affect the reading, as will be 
explained farther on under ‘Temperature correc- 
tions of hydrometer readings.” 


Pointers on the Use of the Hydrometer 


When to take a hydrometer reading: Take a 
reading of each cell with the hydrometer syringe at 
least once a week, and just before adding water. 


Electrolyte should be kept above the level of the 
plates. If not above, add pure water. 


If hydrometer readings are taken after adding 
water, they are of no value, as only water or very 
weak electrolyte will be drawn into the syringe. 
This is due to the water being lighter than the 
electrolyte, and therefore remaining on the surface. 


If the electrolyte is below the top of the plates, or 
so low that enough cannot be drawn into the barrel 
to allow of a proper reading of the hydrometer, fill 
the cell to the proper level by adding pure water; 
then do not take a proper reading until the water 
has been thoroughly mixed with the electrolyte by 
the gassing at the end of a recharge. 


Take hydrometer readings at any time that any 
part of the electric system does not work properly, 
as they may indicate the trouble in the battery. 


In using the hydrometer, certain points should be 
kept in mind: In the first place, the liquid taken up 
by the hydrometer from one cell should never be put 
into another cell, as this will be likely to cause some 
trouble, because of “high acid” in one cell, or weak- 
ened electrolyte in another. 
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Also care should be taken, when using the hydrom- 
eter, not to have any air bubbles form in the cell, 
as it 1s very difficult to get these out, and, as a result, 
the extra electrolyte is spilled. When heated up, 
the bubbles disappear and the level of the electrolyte 
sometimes falls below the tops of the plates. 


When all cells are in good order, the specific 
gravity will test about the same (within 25 points) 
ineach cell. (Note: gravity readings are sometimes 
expressed in “points”; thus the difference between 
1.275 and 1.300 is 25 points.) 


Some of the Troubles of a Battery as Indicated 
by a Hydrometer Reading 


The storage battery is heir to many troubles, to so 
many, in fact, that a “Digest of Storage Battery 
Troubles” is provided on page 556. A few of the 
most common tests of a battery with a hydrometer 
are given below. 


When the gravity will not rise above 1.225 or 
1.250 from the generator charge on the car, this may 
be due to excessive use of lights, together with slow 
running of the car, which cuts down the charging 
current from the generator; or it may be due to 
trouble in the system. See “Digest of Storage 
Battery Troubles.” 


The remedy for the first-mentioned case is to use 
the lights sparingly, until the gravity rises above 
1.250. If the gravity will not rise above 1.250 
within a reasonable time, look for trouble in the 
system. See also page 478, under “Examine 
battery.” 


If, after the battery has been fully charged, the 
gravity again falls to 1.250 or less, it indicates that 
there is trouble somewhere in the system which must 
be located and corrected, and the battery should be 
charged from an outside source. 

A cadmium test or high-ampere discharge test should then be 
made to find out if the trouble is within the battery and which 
one of the cells is causing the trouble. This subject is treated 
farther on. 

The specific gravity readings of all cells of a bat- 
tery should normally rise and fall together, as all 
cells of a battery, as used with most systems, are 
connected in series so that the charging and discharg- 
ing current passes through all alike. 


If the hydrometer reading of one cell should be 
considerably lower than the readings of the other 
cells in the battery, and if this difference should 
increase from week to week, it is an indication of 
trouble in that cell. 


The trouble may be due to an internal short cir- 
cuit in one of the cells, causing the cell to discharge 
itself, or it may be due to a leaking jar, as a slight 
leak will allow electrolyte to escape, and if the leak is 
not noticed, the addition of water to replace its loss 
will lower the gravity. 


_ A discharged _battery should be recharged 
immediately, for if it is left discharged, the plates 
will become sulphated (explained farther on). 


How the Temperature Affects the Hydrometer 
Readings 
Electrolyte, like most substances, expands when 
heated. Its specific gravity is affected, therefore, 
by a change in temperature, and the hydrometer 
readings will be affected accordingly, 


Standard Temperature 


The temperature adopted as the standard for a 
basis of comparison of specific gravities of electro- 
lyte is 70° F. Thus, when we say that a specific- 


DYKE’S INSTRUCTION No. 47 


gravity reading of 1.280, taken by a hydrometer, 
indicates full charge, and that 1.225 or 1.220 indi- 
cates practical discharge for starter purposes, or 
that 1.150 indicates a total discharge, we mean that 
these are the specific gravities when the electrolyte 
has a temperature of 70° F. 


Suppose a hydrometer reading is taken when the 
temperature of the electrolyte is much warmer, say 
100 degrees Fahrenheit (expressed as 100° F.), above 
zero, instead of 70° F. What is the result? As 
previously stated, the electrolyte expands as it gets 
warmer. ‘Thus it becomes lighter aud less dense, 
and therefore the hydrometer will sink deeper into 
the solution, thus causing a lower specific gravity 
reading. 


For example: See Fig. 1. Note that the lower 
readings are toward the top of the hydrometer, and 
that the higher readings are toward the bottom of 
the hydrometer. 


Assume that a test is made at a temperature of 
100° F. above zero, and the electrolyte level was 
even with the figure 1.270, on the hydrometer. This 
would indicate that the specific gravity of the elec- 
trolyte was 1.270. As a matter of fact, it would be 
1.280, arrived at by what is termed “temperature 
correction.” 


Temperature Corrections 


It has been found that if 70° F. is taken as a stand- 
ard temperature for making hydrometer specific- 
gravity readings, then for every 3 degrees rise in 
temperature above 70° F. it will be necessary to add 
1 point on the hydrometer reading, because the hy- 
drometer sinks 1 point deeper into the solution with 
every 3 degrees of rise in temperature above 70° F. 


Therefore with a temperature of 100° F. above 
zero, there would be a difference of 30 degrees (100— 
70=30), and if 1 point must be added for every 3 
degrees of rise in temperature above 70° F., we 
should have to add (30+3= 10) 10 points; thus the 
corrected reading would be 1.270+10=1.280. 


When colder than 70° F., the electrolyte becomes 
thicker, or more dense. In this case, the hydrometer 
will rise, thus giving a greater specific gravity read- 
ing. f Hence, we should deduct, instead of adding, 
points. 


For example : Refer again to Fig. 1. Note that 
the higher readings are toward the bottom of the 
hydrometer. 


Assume that a hydrometer test is being made at 
40 degrees Fahrenheit (40° F.) above zero, and that 
the electrolyte level is even with the figures 1.290. 
In this case the actual reading would be 1.280, 
arrived at by the “temperature correction” rule. 


For every three degrees of temperature below 70° 
F., 1 point is deducted, because the hydrometer 
rises 1 point higher in the electrolyte with every 
three degrees of drop in temperature below 70° F. 


Therefore with a temperature of 40° F. above zero, 
there would be a difference of 30 degrees (70—40 = 
30), and if 1 poimt must be deducted for every three 
degrees of drop in temperature below 70° F., we 
should have to deduct (30+3= 10) 10 points; thus 
the corrected reading would be 1.290—10=1.280, 


Although the two actual readings (1.270 and 
1.290) differ by 20 points, the difference is all due 
to temperature. If the temperatures were the same, 
the readings would be the same. Thus, when the 
temperature 18 much above or below the normal 
(70 Pe the hydrometer readings should be “cor- 
rected for temperature,” 
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Since the change of temperature does not alter 
the actual amount of acid in the electrolyte, but 
changes its specific gravity only, the readings taken 
with a hydrometer should be corrected, as stated 
above, by adding or deducting, as the case may be, 
one point for each three degrees of change in tem- 
perature above or below 70° F. 


Temperature corrections are unnecessary when 
you compare the gravities of the different cells of a 
battery at any one time, since all have about the 
same temperature when in health, and affected alike. 


Temperature corrections are also unnecessary, 
when you use the hydrometer, for testing, say, the 
middle cell, which we will call the “‘pilot cell,” to 
secure an approximate index of the battery’s condi- 
tion. That is, corrections are in general unneces- 
sary, except when there is reason for a really critical 
study of the battery’s condition, as when you suspect 
things are not going well with the battery. 


Note too that the actual proportion of water in the 
electrolyte slightly affects the gravity independently 
of the state of charge. That is, the more water 
there is, the lower the gravity. Therefore to derive 
the greatest benefit from the hydrometer readings, 
try to keep the electrolyte surface between a point 
4" above the plates and the electrolyte level desig- 
nated for the battery, either on the name plate or in 
the instruction pamphlet that you receive with the 
battery. Use the glass tube level-tester (page 562) 
consistently in conjunction with the hydrometer, 
and add water promptly when it is needed. 


Battery Thermometer 


For convenience, a thermometer (Fig. 2) 
has been designed with a special red ink 
scale opposite the temperature scale, and 
a glance at it tells how many points to add 
or subtract from the hydrometer reading 
when making tests of the electrolyte at 
different temperatures, in order to correct 
for temperature. 


For example, an electrolyte temperature 
of 94° above zero means: add 8 points 
to the actual hydrometer reading. 


An electrolyte temperature of 46° above 
zero means: deduct 8 points from the 
actual hydrometer readings. 


An electrolyte temperature of 70° above 
zero indicates that no correction is to be 
made, as this is the normal temperature. 


ElEL_EeLeLs 


Electrolyte in Tropical Climates 


Electrolyte is weaker in batteries used 
in tropical climates, and is purposely made 
so, because batteries operated in tropical 
climates give better results if the solution 
is weaker than that used in batteries for 
cooler climates. 


Places where freezing of water never 
occurs are regarded as tropical climates. 


Specific Gravity and Temperature 
Table 


A table showing the variation of the 
specific gravity with temperature is given 
above. Note that instead of using 70° F’. 
as a standard temperature, 60° F. is used 
in this table. Some manufacturers use 
60° F. and others 70° F. 


The specific gravity of the acid in a fully 
charged battery should not exceed 1.300 
at 60° F. If hydrometer readings are 


Fig. 2 
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taken at other acid temperatures than 60° F. allow- 
ance must be made for the temperature of the acid. 


The figures in black are acid gravities at 60° F. 
The others represent readings of these same gravi- 
ties at the different temperatures shown at the top of 
each column, i.e., 1.300 at 60° becomes 1280 when 
the electrolyte temperature is raised to 110°, etc. 


Read the temperature—read the hydrometer— 
then follow down that temperature column below 
which is nearest the observed acid temp., find the 
figures nearest the observed specific gravity reading, 
and trace horizontally across to the black column— 
these black figures are the true acid gravity and 
should form the basis for any acid adjustment. 


0° 10° 20° 30° | 40° | 50° | 60° 70° | 80° | 90° | 100° | 110° 
—— — p= 

1170 | 1166 | 1163 | 1160 | 1157 | 1153 | 1150 | 1147 | 1143 } 1140 | 1137 | 1134 
1180 | 1177 | 1173 | 1170 | 1167 | 1163 | 1160 | 1157 | 1153 } 1150) 1146 | 1143 
1190 | 1187 | 1184 | 1180 | 1177 | 1173 | 1170 | 1167 | 1163 | 1160 | 1156 | 1153 
1201 | 1198 | 1194 | 1190 | 1187 | 1183 | 1180 | 1176 | 1173 | 1169 | 1166 | 1162 
1211 | 1208 | 1264 | 1201 | 1197 | 1194 | 1190 | 1186 | 1185 | 1179 | 1176 | 1172 
1222 | 1218 | 1214 | 1211 | 1207 | 1204 | 1200 | 1196 | 1193 | 1189 | 1185 | 1182 
1232 | 1228 | 1225 | 1221 | 1217 | 1214 | 1210 | 1206 | 1203 } 1199 | 1195 | 1192 
1242 | 1239 | 1235 | 1231, | 1227 | 1224 | 1220 | 1216 | 1213 | 1209 | 1205 } 1201 
1253 | 1249 | 1245 | 1241'| 1238 | 1234 | 1230 | 1226 | 1222 | 1219 | 1215 | 1211 

1263 | 1259 | 1255 | 1251 | 1248 | 1244 | 1240 | 1236 | 1232 | 1229 | 1225 | 1221 
1273 | 1269 | 1265 | 1261 | 1258 | 1254 | 1250 | 1246 | 1242 | 1238 | 1235 | 1231 
1283 | 1279 | 1275 | 1271 | 1268 | 1264 | 1260 | 1256 | 1252 | 1248 | 1245 | 1241 
1293 | 1289 | 1286 | 1282 | 1278 | 1274 | 1270 | 1266 | 1262 | 1258 | 1254 | 1250 
1303 | 1300 | 1296 | 1292 | 1288 | 1284 | 1280 | 1276 | 1272 | 1268 | 1264 | 1260 
1314 | 1310 | 1306 | 1302 | 1298 | 1294 | 1290 | 1286 | 1282 | 1278 | 1274-| 1270 
1324 | 1320 | 1316 | 1312 | 1308 | 1304 | 1300 | 1296 | 1292 | 1288 | 1284 | 1280 
1334 | 1330 | 1326 | 1322 | 1318 | 1314 | 1310 | 1306 | 1302 | 1298 | 1294 | 1290 
1344 | 1340 | 1336 | 1332 | 1328 | 1324 | 1320 | 1316 | 1312 | 1308 | 1304 | 1300 
1355 | 1351 | 1347 | 1343 | 1338 | 1334 | 1530 | 1326 | 1321 | 1317 | 1313 | 1309 


Average cell voltage at 80° usually falls between 2.5 ,and 
Ot “4992 OO te nye ol 


ao" “ “ 120° 235 “ 


Baume Seale 


On some hydrometers another scale is sometimes 
used, called a Baume scale. It also is sometimes 
used for ascertaining the specific gravity of electro- 
lyte. The hydrometer scale as shown in Fig. 1is in 
general use. 


BAUME ~y SPGR} 


=< 


E 


Fig. 4. Fig. 


A comparison of the Baume scale and specific- 
gravity scale is given in the accompanying table, and 
also in the scale of the hydrometer in Fig.3. Note 
the scale at (X). If the hydrometer is level in the 
electrolyte at this point, the Baume reading would 
be 25, or the equivalent of a 1.208 specific-gravity 
reading. 


e 
COMPARISON OF THE BAUME AND SPECIFIC GRAVITY 
SCALES AT 60° FAHRENHEIT. 


Degrees ‘Specific Degrees Specific Degrees Specific Degrees Specific 
Baume Gravity® Baume Gravity Baume Gravity Bauns Grayity 
i} 1,000 7 DBRS Ee 34 1.306 51 1,542 
1 1,007 18 1,142, 35 1.318 62 1.559 
2 1.014 19 1.151 36 1.330 53 1.576 
3 1.021 20 1,160 37 1.342 54 1.593 
4 1.028 21 1,169 38 1.355 BS 1.611 
6 1.036; 22 1,179 39 1.368 56 1.629 
G 1.043 23 1.188 40 1.381 57 1.648 
7 1.061 24 1,198 Al 1.394 58 1.666 

“8 1.058 25 1.208 42 1.408 69 1.686 
3 1.066' 26 1,218 43 1,421 60 1.707 
10 1.074 27 1,229 44 1.436 61 1.726 
11 1.082 28 1.239 45 1.450 62 1.747 
12 1.090 29 1,250 46 1,465 63 1,768 
13 1.098 30 1.261 47 1.479 64 1,790 
14 1.107 31 1,272 48 1.495° G5 1.812 
5 1.115 32 1.283 49 1.510 6 1.836 

16 1,124 33 1,295 50 1,526 
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Ball Electrolyte Tester 


An electrolyte tester (seldom used) is shown in Fig. 4. 


If the acid is at its proper strength (30° to 32° Baume, or 
1.260 to 1.280 specific gravity), both balls will remain in the 
center of the tube when the battery is fully charged. 


If both balls float, the acid is too strong and it should be 
reduced by adding water. 


If both balls sink when the battery is discharged, the battery 
should be fully charged, and then if the white ball does not float, 
stronger acid should be added. 


Voltmeter, Cadmium, and High-Rate 
Discharge Tester 


A voltmeter is also used for testing the voltage of 
batteries on charge or discharge, as is also a “cad- 
mium test meter,” and a “high-rate discharge’”’ test. 
These tests are generally_used by repairmen, and 
will be explained under the discussion devoted to 
the repair of storage batteries. 


DYKE’S INSTRUCTION No. 47 


Freezing of Electrolyte 

The freezing point of electrolyte depends upon 
its specific gravity. There is little danger of freezing 
except with a discharged battery. 

Water will freeze at 32° F. Hence, if the battery 
were to be discharged by some means to the point of 
where the electrolyte is near the gravity of water, 
the electrolyte would of course freeze near this point. 

In order to avoid freezing of the electrolyte, the 
battery should always be kept in a fully charged 
condition. A table is given in Fig. 1 which shows 
the freezing points of electrolyte. 

When a battery is stored away for a period of time, 
care should, therefore, be taken that the battery is 
kept in a fully charged condition. 

If the electrolyte becomes frozen, the expansion 
will sometimes break the jar. If it does not, simply 
place it in a warm place and it will come back to its 
normal charge. It is best, however, to recharge it 
first, and then pour out the old electrolyte and put 
in new electrolyte of a specific gravity of 1.300. 


MIXING ELECTROLYTE 


On page 530 we discussed the meaning of electro- 
lyte and what it is composed of. We shall now deal 
with the mixing of electrolyte. 


When mixing electrolyte, the following precau- 
tions should be observed: 


1. A glazed stone vessel or a lead-lined tank should 
be used. Never use tin or any metal other than 
lead. Glass, porcelain, stone, rubber, or glazed 
earthenware can be used. 


2. Put the water in the vessel first. 


3. Fill the hydrometer syringe with chemically pure 
sulphuric acid and add it to the water by holding 
the nozzle under the surface. Stir the solution 
with a glass rod or clean piece of wood. 


4. Rinse the syringe and test the strength of the 
solution. Ifit shows only about 1.160 sp.gr., allow 
it to cool, when it will be stronger. 


5. If not strong enough, add more acid. 
6. If too strong, add water. 


7. The pure acid should not be allowed to remain 
in the syringe. 


Specific Gravity of Electrolyte to Be Mixed 


If the specific gravity of full-strength sulphuric 
acid were tested with a hydrometer it would show 
approximately 1.835, which of course is too strong 
to put into a battery cell. Therefore its density and 
strength must be reduced by diluting it with pure 
water. 


The density or specific gravity of electrolyte! that 
should be put into a cell should never exceed 1.400 
sp. gr. In fact, this might be termed the standard 
density or specific gravity of electrolyte sold by sup- 
ply houses, and which should be kept on hand by 
battery service stations. In other words, the usual 
practice is to mix the acid and water in such propor- 
tions that the density of the solution will have a 
specific gravity of 1.400. 


1 The Gaselli Chemical Co., Cleveland, Ohio, with branches 
in all large-cities, carries electrolyte ready prepared in densities 
of 1,100, 1.300, 1.400, and 1.800. 

1.400 is the bes& Proportion to purchase. The electrolyte is 
usually shipped in ¢2rboys, weighing about 150 Ibs, 
_ The General Storage, Battery Co., St, Louis, Mo., also sup- 
lies electrolyte in smal} or large quantities, as well as separa- 
tors, plates, and other p2ttery supplies. 


The 1.400 sp.gr. electrolyte can then be reduced to 
1.300, 1.280, 1.275, 1.260, or to any density or 
specific gravity desired. 


When to Use Electrolyte 


When at the desired density, it is used to adjust 
the specific gravity of the solution in a battery which 
is on charge, providing the specific gravity fails to 
rise to its proper value. 


It is also used to refill batteries after repairing, 
and also to restore any lost through slopping and 
leakage. 


The loss of solution from evaporation, occasioned 
during charging and discharging, consists ordinarily 
entirely of water, and pure distilled water is used to 
replace it. 


_Loss due to slopping or leakage is a loss of solu- 
tion, and must be replaced with solution. 


Too much acid strength will reduce the life of the 
battery. 


Proportions of Water and Acid to Mix 


For the proper proportions in which to mix full- 
strength concentrated acid and pure distilled water, 
in order to make a mixture of 1.400 specific gravity 
(or any other gravity) electrolyte, reference should 
be made to the chart (Fig. 5). It will be noted 
that the curve shows the proportion by weight and 
also by volume.! 


Meaning of “By Volume’? and “By Weight’ 


The term “by volume,” as used in the curve (Fig. 
5), refers to the use of measurements, such as pints, 
quarts, etc. If 114 parts of water is the “volume” 
called for in the curve at the left, then use, say, 114 


pints of water and 1 pint of acid. See expl i 
under Fig. 5. : seme 


The term “by weight,” used in the curve, refers 
to the use of weight measurements, as on a scale. 
An example of mixing 1.400 sp. gr. electrolyte by 
weight would be, to follow the vertical line from 1.400 
(Fig. 5) to the curve marked “Parts by Weight”; 
then follow the horizontal line to the left, which will 


1 This chart, or curve, is taken by permissi Exi 
(copyrighted) instruction book. Yer igo, the eade 
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Fig 5. Curves showing the proper proportions of distilled water that should be used with one part of sulphuric acid; the parts 


are given by volume and also by weight. 


How to read: If, for example, a solution of 1.400 sp. gr. electrolyte is desired, first find the 1.400 on the bottom line of the 


chart; then follow the vertical line until the curved line (parts by volume) is reached. 


Follow the horizontal line to the extreme 


left of the scale, and it will be found to indicate 1.5. This shows us that, for electrolyte solution of 1.400 sp. gr., 114 parts of pure 
water is the quantity to be used with 1 part sulphuric acid, and a test with the hydrometer should show a reading of 1.400, if the 


temperature of the solution is 70° F. 


If the temperature is more or less, then corrections in the hydrometer reading should be made in accordance with direc- 


tions given under ‘‘temperature corrections” (page 532). 


show that 9/10 is the amount of water by weight 
to use with 1 part by weight of acid. Therefore, 
take 1 Ib. of acid, and then 9/10 Ib. of water, which, 
by volume, would be 114 times 1 part of acid. 


FOR 1.400 SPECIFIC 

GRAVITY ELECTROLYTE: 
|2 PARTS WATER_BY 
VOLUME AND 9/0 OF ONE 
PART BY WEIGHT 


1} PART ACID BY VOLUME. 
OR WEIGHT 


Fig. 6. 


A careful reference to the illustration (Fig. 6) will 
probably assist in making the meaning clear. 


Why Electrolyte of 1.275 to 1.300 Sp. Gr. Is 
f Used 


The reason why 1.275 to 1.300 specific gravity 
acid is used in a charged battery may briefly be 
stated as follows: 


The resistance of the electrolyte to the passage of 
current internally in the cell is greater when the 
electrolyte is eats The resistance is less when the 
electrolyte is stronger, or more dense (up to a cer- 
tain point). 


The horizontal lines in the chart are divided into tenths. 


Since density, or a higher specific gravity, is a 
better conductor than a lesser density, or lower 
specific gravity, the voltage increases with the 
increase of eonductivity (i.e., the strengthening of 
the electrolyte). Therefore the internal resistance 
of a cell is less when the gravity is higher. 


With too high a gravity (too much acid), the lead 
part of the plates will be attacked, and the active 
material on the plates would be changed to lead 
sulphate when idle. 


Thus it will be clear that the proper proportion of 
acid to use is a highly important detail. 


‘‘Adjusting”’ the Specific Gravity of the Elec- 
trolyte or Solution in a Battery—also Termed 
‘“‘Balancing’’ Electrolyte 


Many batteries have been ruined by having the 
electrolyte too strong, or by adding acid at the wrong 
time to bring up the gravity—termed “doping” the 
battery. Sulphuric acid does not evaporate; the 
water evaporates. Therefore when the electrolyte 
falls below the level of the plates, pure water only 
should be added. And, as previously stated, when 
water is being added, the battery should have a 
charging current run through it to mix the water 
with the electrolyte before taking a hydrometer 
reading. The reason for this will now be explained. 
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When through a hydrometer reading, the specific 
gravity is shown to be 1.150, the battery is dis- 
charged, meaning that the acid is in the plates, and 
the solution consists mostly of water. If acid should 
be added under these conditions, the solution would 
show a higher specific gravity reading, yet the bat- 
tery would be discharged. Then when the battery 
was charged, the acid in the plates would mix with 
the acid that was added, and thus a very high 
specific gravity reading would result. The excess 
acid would attack the plates and cause sulphation. 


The addition of a stronger acid solution, or elec- 
trolyte, should be made only under certain condi- 
tions. 


When and How to Adjust the Gravity of the 
Solution 


When a battery is fully charged, the specific 
gravity reading should be 1.275 to 1.300—usually 
about 1.280. 


When the battery is charged, the acid is out of the 
plates into the solution; this is the proper time to 
adjust or balance the electrolyte, and not when the 
acid is in the plates, at which time the battery is dis- 
charged. It is customary to adjust the electrolyte 
in a battery two or three times a year. 


Therefore an adjustment of the specific gravity of 
the solution in a battery should be made only when 
the battery is fully charged. 


When the specific gravity of the electrolyte is 
tested with the object of balancing or adjusting the 
electrolyte, the battery should be charged under its 
normal rate (usually specified on the plate on the 
battery). Then test the electrolyte with the hydrom- 
eter, from time to time as the charging progresses, 
until after four or five hours no further increase of 
the specific gravity is noticed. When the charge is 
complete, as indicated by the gravity remaining 
constant for five hours, the gravity in all the cells 
should be between 1.275 or 1.280 to 1.300. If the 
gravity in one or more cells does not come between 
these limits, it should be adjusted or balanced. 


If the gravity reads over 1.300, withdraw some of 
the electrolyte and replace with distilled water, using 
a syringe for the purpose. The amount of water to 
be added depends upon how much the gravity ex- 
ceeds 1.300; ability to judge comes with experience. 


If the gravity reads less than 1.275, some of the 
electrolyte should be withdrawn and replaced with 
diluted acid of 1.400 sp. gr., until the solution in all 
cells tests 1.280. The battery is then placed on 
charge at the finish rate, until the gravity remains 
constant. : 

If at the end of the charge the gravity of the elec- 
trolyte is above or below the limit, acid or water 
should be added as required, and the battery should 
be put on charge again. 
__ if the adjustment necessary is considerable, or 
if the solution is suspected of having been ‘“‘doped,”’ 


STORAGE BATTERY: 

HO: Water, a liquid which is made up of hydrogen 
two parts (H.), and oxygen one part (0). 

H,SO,: Sulphuric acid, a liquid chemical compound 
of hydrogen (a gas) 2 parts (H,) ; sulphur (a 
solid) 1 part (S); and oxygen (a gas) 4 parts (O,). 

Pb: Lead, which is a solid. 

PbO: Litharge, consisting of lead 1 part, and oxy- 
gen | part. 


PbO;: Lead peroxide (a solid), made up of lead 1 
part (Pb), and oxygen 2 parts (O.). 


— 
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it will be found more convenient to empty out the 
solution and refill with electrolyte of specific gravity 
estimated to bring it right, allowing for the effect of 
the old solution held in the cells. Experience will 
enable the operator to gauge this quite accurately. 


When emptying a battery of its solution, it is best 
to draw the solution out instead of turning it up- 
side down to pour it out, because the sediment in 


* the bottom of the jar will work its way between the 


plates. 


After any adjustment, charge for some minutes to 
allow the gassing to mix the solution thoroughly 
before taking hydrometer readings. 


If the temperature is far from normal, correct the 
hydrometer readings by adding one point (.001 sp. 
gr.) for each 3 degrees above, and subtracting one 
point for each 3 degrees below 70°F. (See page 532). 


Always wipe off the top and sides of the battery 
with weak ammonia after adjusting electrolyte. 


If the electrolyte of one cell tests lower than the 
others, it indicates that this cell is not in good order. 
It may have an internal short circuit, or a leaky jar, 
or perhaps new separators are required. See 
“Digest of Storage-Battery Troubles.” 


The activity of the electrolyte increases as its 
temperature increases. Thus in warm or tropical 
climates it. is advisable to use electrolyte of lower 
gravity than that specified for temperate zones. 


The subject of using a battery solution over again 
after installing new plates, as well as the proper 
strength of acid to use after overhauling a battery, 
is discussed farther on. 


Exide Instructions for Adjusting Electrolyte 


It will be unnecessary to adjust the strength of the 
solution except in the cases called for, otherwise 
harm may result. 


To adjust the strength to between 1.270 and 1.300 
(1.200! and 1.230), the simplest procedure is as 
follows: 


i. Be sure the battery is completely charged. 


2. Have ready some electrolyte with a strength of 
1.285 (1.215).1_ This may be prepared as out- 
lined on page 534. ° 


3. Dump the solution out of the cells, and at once 
fill the cells with the prepared electrolyte. Do 
not allow the battery to remain empty. 


4, Charge for an hour at the charging rate given in 
the table on page 577 (‘Initial Charge and 
Repair Charge’’). 


. If the hydrometer reading is still below 1.270 
(1.200),1 or above 1.300 (1.230), adjust again 
until it is between these limits. 


CHEMICAL TERMS 


PbSO,: Lead sulphate (a solid), made up of lead 1 
part (Pb); sulphur 1 part (8), and oxygen four 
parts (O,). 


Litharge: Oxide of lead. 


Oxide: A compound of oxygen and a base. 


or 


Peroxide: The oxide of a base which contains the 
largest portion of oxygen. 


These alternative figures apply to tropical climates. 


THE STORAGE BATTERY: INTERNAL CONSTRUCTION 


Sulphate: When speaking of storage batteries, it is 
lead sulphate that is meant, the substance into 
which the active material of both positive and 
negative plates is charged or discharged. 


There are four elementary substances as follows: 
H: Hydrogen, a gas. 
O: Oxygen, a gas. 


INTERNAL CONSTRUCTION 


The pasted plate: A grid for the Faure type of 
plate is shown in Fig. 7. It is the plate now used for 
automobile storage-battery work. 


The Plante type of plate (Fig. 8) is not used very 
much for automobile starting and lighting purposes, 
as the Faure plate is much lighter and delivers a 
much greater capacity per pound of weight, and is 
also easier to manufacture. 


Fig. 7. A lead grid for a pasted type of plate ready for the 
paste. 


Each cell is composed of a certain number of 
negative plates and a certain number of positive 
plates. There is always one more negative plate 
to a cell than there are positive plates. 


Fig. 8. Plante type of plate. 


The reason there is an odd number of plates in a cell is that 
there is one more negative plate than positive. A negative 
plate is placed at each end, so that there will be action on both 
sides of all positive plates. The positive plates are thicker and 
have more active material. The positive plates also have a 
tendency to recede from the negative, and if a positive plate 
were placed at either end, it would buckle and bend away from 


the negative plate. 

The positive plate and the negative plate are each 
made of lead (Pb), and are cast in the form of grids 
(Fig. 7) so that paste can be inserted into the grids. 
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S: Sulphur, a solid. 
Pb: Lead, a solid. 
Two of these are gases and two solids. The sul- 


phur which is used to form the compounds men- 
tioned above as H.SO,, and PbSO, does not entirely 
separate itself from them, but remains with Ou. 
The compounds, however, split up into H, and 
SO, Pb, and SOx. 


OF A STORAGE BATTERY 


The paste which is set into the lead grids goes 
through a forming process of charging and discharg- 
ing, and is hardened and is converted into what is 
termed active material. 


There are many different formulas for making 
this paste which are trade secrets of different manu- 
facturers. The base, however, for forming the active 
material for the plates is an oxide of lead, usually 
red lead (Pb;0.) (lead 3 parts, oxygen 4 parts) for 
the positive plate, and litharge (PbO) (lead 1 part, 
oxygen 1 part) for the negative plate. 


The litharge for the negative plate is formed into 
a paste by combining it with diluted sulphuric acid 
(H.SO,), and then working it up to a desired putty- 
like consistency for applying to the grid. 


Owing to the tendency of litharge on the negative 
plate to contract, when subjected to the electro- 
chemical action which takes place in the cell, it is 
necessary to use what is termed an ‘‘expander.” 
Barium sulphate (BaSo,.) or magnesium sulphate, 
lamp black, or graphite are also used by some bat- 
tery manufacturers. 


The red lead is likewise made into a paste for the 
positive plate, by mixing with diluted sulphuric acid 
(H.SO,). Itis necessary to use a “‘binder’’ with this 
paste in order to prevent shedding. Ammonium 
sulphate [(NH4).SO,] is largely used for this purpose. 


After the paste is applied to the grids of the plates, 
the plates are dried. The paste will then harden 
and turns to lead sulphate (PbSO,) on both the 
negative and positive plates. 


FROM CHARGING SOURCE 
=NEGATIVE POSITIVE + 


Joe 
=e 


Forming the plates. 


Fig. 9. 


Forming: The plates are then placed in the charg- 
ing tank (Fig. 9) with the negative and positive 
plates alternating, and with plenty of space between 
them. All the positive plates are connected with 
the positive terminal of a direct-current charging 
source, and the negative plates are connected with 
the negative terminal of the charging source. There 
is, of course, electrolyte in the tank, of about 1.100 
or 1.200 specific gravity, when used for forming. 
The passing of the charging current through the 
plates forms peroxide of lead (PbO,) on the positive 
plate which turns to a dark-brown color, and to 
gray, spongy, porous, soft lead (Pb) on the negative 


plate. 
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Fig. 10 Fig. 11 
Fig. 10. A positive group of 5 plates. 
Fig. 11. A negative group of 6 plates. 


The illustrations are taken from the catalogue of the General 
Storage Battery Co., St. Louis, Mo., and are the plates of type 
116, 11-plate starting and lighting battery. 


The average starting and lighting batteries use 
either 11 or 13 plates, of about 80 to 100 ampere- 
hour capacity. 


In a 13-plate battery, there would be 7 negative 
(gray) plates and 6 positive (dark-brown) plates. 
In an 11-plate battery, there would be 6 negative 
plates (Fig. 11) and 5 positive plates (Fig. 10). The 
negative plates are always on the outside, as shown 
in Fig, 18. 


The positive plate lugs are burned to a positive 
strap and post (P) (Fig. 10), and the negative plate 
lugs are burned to a negative strap and post (N) 
(Fig. 11), forming two groups of plates. 


Fig. 12. Separators are placed between the positive and 
negative plates. The illustration represents a set of California 
redwood separators used in the General storage battery. 


Separators (Fig. 12) are placed between the nega- 
tive and positive plates, which are then interleaved 
as in Fig. 13, and this forms an element ready to be 
placed in the jar which contains the electrolyte. 


Fig. 13. An element, consisting of the positive and negative 
plates (Figs. 10, 11) interleaved: with separators Gig 12) 
between the positive and negative plates. 


The electrolyte for a new battery, where plates 
have been formed, is of about 1.300 specific gravity. 
In some cases it is stronger and in others weaker, 
depending on the condition of the separators. If 
new, they will soak the acid up; hence the reason for 
using an electrolyte of higher specific gravity (ex- 
plained farther on). 


The element (Fig. 13) is then placed in the hard 
rubber jar (Fig. 14) in which the electrolyte was 
placed first. The cell cover and vent tube (Fig. 15) 
are then placed over the top of the plates. 


The cells are then placed in the battery box (Fig. 
16) and are then connected together with connectors 
(Fig. 17), which are burned on to the posts. Some- 
times this joint between connector and post is not 
welded perfectly and the loose connection offers 
resistance and reduces the voltage and causes heat- 
ing. 


Each cell, when charged, gives approximately 2 
volts, therefore 3 cells connected in series would 
give 6 volts; thus it would be termed a “6-volt 
battery.” If there are 6 cells connected in series, 
then the terminal voltage would be 12 volts; if 8 
cells in series, 16 volts; if 12 cells in series, 24 volts. 


The battery is then charged by being connected 
in series with a source of “direct”? current. The 
electric current flows from the positive (+) brush of 
the generator to the (+) terminal of the battery, to 
the positive plates, to the negative (—) plates (in- 
ternally), out through the (—) plates, back to the 
(—) brush of the generator, through the armature, 
to the (+) brush again. 


When the battery discharges, the current flows 
from the battery positive (+) plates, to the (+) 
terminal, through the circuit, to the negative (—) 
eee: and plates, to the positive plate (inter- 
nally). 


ON ee 
2 SETS OF 3 CELL BATTERIES IN MULTIPLE 


Fig. 18 Fig. 19 


Series connections of one cell with another, as 
shown in Fig. 18, form the usual method of connect- 
ing batteries. In this example, there are 3 cells 
connected in series; therefore it is a 6-volt battery. 
Note that the arrow points show the direction of 
current flow when the battery is discharging. If it 
were being charged, the current flow would be in 
the opposite direction. The ampere-hour capacity 
would be that of one cell. 


Two 6-volt (or any other voltage) batteries could 
be connected in multiple, on the principle shown in 
Fig. 19. In this instance, there are two 3-cell 
batteries of 6 volts, as in Fig. 18. Each set is con- 


‘ nected in “series,” and the two sets are connected in 


4 


“multiple.” Therefore we have a terminal voltage 
at (+A) and (—B) of 6 volts, or the voltage of 3 cells. 


—_— 
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The ampere-hour capacity would be twice that of 
the battery (Fig. 18). 


A 12-volt battery could be charged, by a 6-volt 
generator, if ‘multiple’? connections were made as 
in Fig. 20, by connecting the two halves in multiple, 
as shown. The dynamo (generator) voltage, of 


course, must always be slightly higher than the bat- 
tery voltage, otherwise the generator would have a 
tendency to operate as a motor. 


Note that the generator current starts at the (+) 
brush, thence to (+) terminals (A) of battery, 
through each set of 3 cells, out through (—) battery 
terminals (B), to (—) brush of generator. 


A 6-volt lighting circuit or ignition circuit could 
be operated from this circuit, by connecting with 
the circuit at (A) and (B). See also page 525, 
showing how a 12-volt starting motor operates from 
a 12-volt battery, and how a 6-volt generator 
charges the battery. 


PRINCIPLE OF THE ACTION OF A STORAGE BATTERY WHEN DISCHARGING AND 
CHARGING! 


Under the subject of “Electromagnetic Induction” 
(page 183) the fact is brought out that when a con- 
ductor or closed loop of wire is passed through a 
magnetic field at right angles to the field, an electro- 
motive force (e.m.f.) will be set up at the terminals of 
the wire, which will cause electricity to flow in the 
wire if the circuit is completed. This action is 
called generating electricity ‘magnetically,” or by 
“Gnduction.”’ 


In a storage battery, the electricity is not stored, 
but, through a “chemical action,” electromotive 
force (electric pressure): is created between the 
plates, causing electricity to flow. In other words, 
the storage battery converts chemical energy into 
electrical energy when discharging, and electrical 
energy into chemical energy when charging. For 
instance, if two different metals are placed m a 
liquid which will produce a chemical action more 
on one than on the other, an electromotive force 
(electrical pressure) will be produced which will 
cause electric current to flow. 


This flow of current will continue until the metals 
or substances are entirely changed. If these 
chemical changes which split up the gases and solids 
form gases, the gases escape and are lost, whereas if 
they form solids by combining with the metal, they 
are not lost. When a battery is charged at too 
high a rate, or is overcharged, or when it is fully 
charged, it will be noticed that there will be an 
excessive passage of the gases. 


Primary cells (Fig. 21), such, for example, as the 
gravity cel? used for telegraph work, consisting of 
a negative zinc plate and a positive copper plate, 
produce, just as soon as they are immersed in a 
solution of blue stone and water, an electrical pres- 
sure between the plates when the circuit is closed. 
Thus chemical energy is converted into electrical 
energy. It cannot, however, convert electrical 
energy into chemical energy. 


The chemical action of the electrolyte on the zinc 
sets free gas bubbles which are charged with elec- 


Fig. 21. <A gravity cell: one form of a primary cell. 


1 Those who desire to go deeper into this subject should 
see the advertisenjent in the back of this book describing a good 


book on the Storage Battery. 
2 Called ‘‘gravity. cell” because the two fluids separate from 
each other by gravity. 


tricity and which deposit themselves on the copper 
plate. The copper plate serves merely to collect 
the bubbles, and is thus termed a positive (+-) plate. 
The zinc, which is acted upon by the solution, is 
termed the negative (—) plate. 


The internal circuit is from zinc plate (—), to 
copper plate (+); the external circuit is from copper 
plate (+), through circuit, to zine plate (—). 


Almost any salt or acid will act as an electrolyte 
if it will combine chemically with one of the ele- 
ments, and if it does not offer too much resistance 
in doing so. 


The current strength will vary according to the 
kind of plates or elements used, and will be greater — 
when the chemical action is greater between the neg- 
ative plate and the solution, or electrolyte. 


Either alkali or an acid solution can be used for 
electrolyte in different kinds of batteries. 


A secondary, or storage-battery cell: By the 
primary cell described above we converted chemical 
energy into electrical energy. With a storage bat- 
tery a direct current of electricity is passed through 
the cells, which produces a chemical change which 
will put the plates and electrolyte into such a chemi- 
cal condition, that an electromotive force (electrical 
pressure) will be produced when this change is com- 
pleted. This action is termed “charging,” and is 
the process of converting electrical energy into 
chemical energy. 


The cells can then be connected to an external cir- 
cuit, such as lamps, etc., and an electric current will 
flow through the circuit. This is termed “discharg- 
ing,” and is the process of converting chemical 
energy into electrical energy. 


In other words, after “discharging,” the storage- 
battery cell can be “recharged,” whereas, with a 
primary cell, fresh solution or new elements must be 
provided in order to obtain electric current again, 
after it has discharged. 


On “discharge,” electric current from a storage 
cell always flows externally, from the positive (+) 
terminal, through the circuit to the negative (—) 
terminal, and internally from the negative (—) plate 
to the positive (+) plate. 


1 A book dealing exclusively with the Storage Battery can be 
secured of A. L. Dyke, Granite Bldg., St. Louis, Mo. Price $5. 
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The object of this explanation is to point out how 
the acid passes to the plates when discharging, form- 
ing lead sulphate (PbSO,), which covers the plates, 
and to show how, if left in this condition, the lead 
sulphate which is in fine crystalline form, would, in 
time, act on the plates to such a depth that it would 
recrystallize into larger and harder crystals which are 
difficult and sometimes impossible to change back 
again to lead peroxide and lead sulphate. ‘This is 
one of the most dangerous of storage battery dis- 
eases. It results not only from the battery being 
left for a long period fully discharged, but also from 
other causes, as explained under “Sulphation of 
Plates. 


It is quite in order, however, during the discharge 
process, for the lead sulphate to form on the plates, 
but. the plates should not be left in this condition, 
which can be avoided by immediately recharging. 
If the discharging continues after the voltage of a 
cell drops below 1.8, an excessive formation of sul- 
phate will result. 


Even though a battery is charged and not used, it 
should be charged at a low rate occasionally, as a 
charged battery will, in time, become discharged; 
and when discharged, the action is to form lead sul- 
phate over the active material. The result will be 
that this sulphate will finally have the same action as 
stated above, on a discharged cell. 


The active material is what was formed on the 
plates when under the process of ‘Dasting”’ and 
“forming,” which is lead (Pb) on the negative plate, 
and lead peroxide (PbO,) on the positive plate. 


: Action of a Charged Cell 


A fully charged cell on open circuit is shown in Fig. 
22. For the purposes of illustration, only two 
plates are used, a positive (+), and a negative (—). 


SWITCH 
PEN 


Fig. 22. A charged cell on open circuit. Note that the 
acid is in the solution and not in the plates. The active 
material on the negative plate is Pb, and on the positive PbOs. 
The active material is not now covered with lead sulphate, as 
the SO: is in the solution, 


When a cell is in a charged condition, the plates 
are not covered with lead sulphate (PbSO,), as the 
SO, is then in the solution, which forms the electro- 
lyte, which in turn consists of chemically pure sul- 
phuriec acid (H2SO,)_ diluted with pure distilled 
water, thus giving H.80,+H,0 =2H,+S0,. 


This acid was driven out of the plates when 
charged, and if a hydrometer is placed in the solu- 
tion, it will be found that the solution is dense or 
thick and that the hydrometer will not sink as deep 
into the solution. The specific gravity would there- 
fore be higher, and the specific-gravity reading will 
be between 1.280 and 1.300 when the solution is 
fully charged. 
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Another point, while on the subject of solution: Inasmuch 
as chemical changes take place, it is clear that if water is used 
which has metal in it, for instance, water taken from a metal 
roof, or if the water is not distilled, this would cause a different 
chemical action, injurious to the plates. 


The positive plate (Fig. 22), which is supposed to 
be in a fully charged condition, is in the original 
condition as when formed, and has an active material 
of lead peroxide (PbO,) in its grid. It is of a dark- 
brown color. Thus it is in a charged and healthy 
condition. 


It is in a diseased condition when it fails to throw 
off all of the lead sulphate (PbSO,) when being 
charged (the lead sulphate having been diffused over 
the active material when it was discharged). 


The negative plate has thrown off the lead sul- 
phate with which it was covered when discharged, 
during the process of charging, and is now a finely 
divided, spongy, gray-colored, soft lead plate (Pb). 


Action of Cell When Discharging 


Note that when the cell is discharging (Fig. 23), 
the current flows out of the (+) plate, through the 
motor, lamps, or other apparatus, into the (—) plate, 
through the electrolyte to the (+) plate. 


Let us assume that the plates were in a fully 
charged condition, as in Fig. 22, when the circuit 
was closed, that is, the negative Pb, the positive 
PbO, and the solution H2SQO,. 


TCH CLOSELY 


MOTOR ++ 


Fig. 23. Discharging. Note that the acid is going j 
the plates and will form lead sulphate (PbSOs) and Gove pee 
the active material (Pb and PbOs) on the plates. The solution 
will finally lose its acid and become water. 


Refer now to Fig. 23. The active material (Pb) 
of the negative plate is combining with the acid (SO,) 
of the electrolyte, and is converting the active 
(pneon on the negative plate into lead sulphate 

aT 4). 


_ The positive plate active material (PbO,) is com- 
bining as shown: the Pb with SO,, and the O, with 
2H», and is thus being converted into lead sulphate 
(PbSO,). See footnote below relative to the “ionic 
principle,’’1 
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Action of a Fully Discharged Cell 


A fully discharged cell is shown in Fig. 24. The 
active material on the negative lead plate (Pb) is 
now covered over entirely with lead sulphate 


(PbSO,). 


Zep Z2 

Fig. 24. Fully discharged. Note that the acid (SOs) is out 
of the solution and into the plates, thus having combined with 
the lead of the plates (Pb) and having formed lead sulphate 
(PbSOs) over the active material on both plates. The solution 
is now water, and is not dense. 


As the acid has gone into the plates, this now 
leaves water around the plates, as solution. This 
accounts for the fact that a storage battery will 
freeze quickly when in a discharged condition. 


If a hydrometer is now placed in the solution it 
will sink deep, as the water, without acid, is not as 
dense as with acid. The nearer a cell approaches a 
discharged condition from a charged condition, the 
less will the density become, until it approximates 
the density of water. When fully discharged the 
specific gravity will be about 1.150. ‘The starting 
and lighting battery should be recharged before it is 
discharged this low. 


Action When Charging a Fully Discharged Cell 


A fully discharged cell just starting to be charged 
is shown in Fig. 25. The active material (Pb) on 
the negative plate is covered with lead sulphate 
(PbSO,). The active material (PbO;) on the posi- 
tive plate is also covered with lead sulphate. 


The passing of “direct current” through the cell, 
from the (+) terminal of the dynamo to the (+) 


Fig. 25. Charging. Note that the direction of the charging 
current is as indicated by the arrow, or the reverse of that when 
discharging, as in Fig. 28. The lead sulphate (PbSOs) which 
formed over the active material in the lead plates when dis- 
charging is now being driven off by the charging current, and 
the SO4 is combining with the water. Thus the solution is 
gradually increasing in density or specific gravity. When 
fully charged the plates and solution will be as shown in Fig. 22. 


positive plate, through the cell, to the (—) negative 
plate, to the (—) terminal of the dynamo (generator) 
causes the lead sulphate to be carried from the plates 
to the solution. 


Inasmuch as the lead sulphate (PbSO,) merely 
covering the plates is quite accessible, it is driven 
off with slight difficulty, and the voltage rise in the 
cell during this period is very slight. 


Note that the acid (SO,) is passing from the plates 
on each side, and is combining with the H,O (water). 


As the charging continues, the lead sulphate 
which is buried deeper into the plates is more diffi- 
cult to drive out with the charging current. The 
cell voltage is gradually rising. 


After all lead sulphate has been removed from the 
plates, continued charging decomposes the water 
into hydrogen and oxygen which passes off in the 
form of gases. The voltage of the cell is then ap- 
proximately 2.5 volts. 


As the charging continues, the lead sulphate in 
the interior of the plates is more difficult to reach 
by the charging current, and the voltage of the cell 
rises as high as 2.65 to 2.70 volts. 


If the charging is continued further, the tempera- 
ture of the cell will rise and hydrogen and oxygen 
gases will pass off freely and thus the charging cur- 
rent is wasted and the cell is heated. 


When the cell is fully charged, the conditions will 
be as shown in Fig. 22. The acid will be in the solu- 
tion as 2H.SO,, and the active material Pb, on the 
negative plate, and PbO, on the positive plate, will 
be exposed to the action of electrolyte. 


Paths of Current Outside and Inside Storage 
Battery Cells 


The external circuit of a battery discharging is as 
shown in Fig. 26: from the (+) terminal of the bat- 
tery to the starting switch, to the starting motor, 
to the (—) terminal of the battery. 


STARTINS MOTOR GENERATOR 
Vig. 26. Battery discharging; external circuit. 
Fig. 27. Battery charging; external circuit. 


The external circuit of a battery being charged 
is as shown in Fig. 27: from the (+) terminal of the 
generator, to the (+) terminal of the battery, 
through the battery, to the (—) battery terminal, 
to the (—) terminal of the generator. 


Internal Circuit of a Cell Being Charged 


The internal circuit of a battery cell being charged 
is shown in Fig. 28. We will assume the cell is an 


f POS, PLATE 
NEG PLATE 


Fig. 28. Charging the cells : internal circuit, 
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11-plate cell, with 5 positive (+) plates (P), and 6 
negative (—) plates (N). Note the separators (S) 
between the negative and positive plates, and note 
also that the negative plates are on the outside. 


Each of the negative (—) plates are connected 
together, and each of the positive (+) plates are 
connected together; thus we have a positive (+) 
terminal and a negative (—) terminal to each cell. 


The separators are placed between the negative 
and positive plates to insulate them from one an- 
other. The separators are porous and thus do not 
prevent the electrolyte or electric charges from 
acting on the plates, but merely serve to keep the 
plates from touching. In time, the separators rot, 
break, or become clogged, and permit the plates to 
touch. This causes an internal short circuit, which 
produces heat, and heat causes the plates to expand 
and to press against or through the separators more 
firmly. 


Note in Fig. 28 that when the cell is being charged, 
the positive (+) current from the (+) side of the 
charging circuit flows into the positive (+) plates of 
the cells, to the negative (—) plates, and out to the (—) 
side of the charging circuit. 


Internal Circuit of a Cell Being Discharged 


The internal circuit of a battery cell being dis- 
charged is shown in Fig. 29. Note that the current 
path is in the opposite direction to that shown in 
Fig. 28, when the cell is being charged. 


Fig. 29. Discharging the cells; internal circuit. 


As the cell discharges, the active material on the 
plates is changed. The spongy lead (Pb) in the 
negative plate, and the lead peroxide (PbO) on the 
positive plate, are gradually changed to lead sul- 
phate (PbSO,). The acid in the electrolyte also 
passes to the plates as the discharge progresses. As 
the pores of the plates thus become filled with the 
sulphate, the free circulation of acid into the plates 
is retarded; and since the acid cannot then get into 
the plates fast enough to maintain the normal action, 
the battery becomes less active, as is indicated by the 
drop in voltage, or a discharged condition. 
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Voltage Drop of a Cell 


Drop in voltage: Hach of these actions tends to 
produce internal resistance, until finally a point is 
reached where the plates are fully coated, or changed 
to lead sulphate (PbSO,), and where the acid is 
almost entirely out of the electrolyte. 


The internal resistance is then so great, that the 
voltage is affected until it has dropped to about 1.6 
if fully discharged. A cell, however, should not be 
discharged below 1.8 volts, and should be re- 
charged immediately, otherwise it will be difficult for 
the charging action to throw off the lead sulphate 
from the plates, which was formed on them during 
the discharge action. 


Electrolyte test: As the acid is withdrawn from 
the electrolyte during the discharge action, and 
replaced in the electrolyte during the charging ac- 
tion, it is clear that the most reliable test for deter- 
mining the charged or discharged condition of a cell 
is to take a hydrometer reading of the cell, as 
explained on page 531. 


Voltage of a Charged and Discharged Cell 


When the battery is fully charged and before the 
charging circuit is opened, the voltage of each cell 
will be about 2.5 to 2.7. 


When opening the charging circuit, the voltage of 
a cell drops to approximately 2.1 volts. 


If the battery is then discharged at a continuous 
normal rate, it will gradually drop to 2 volts, which 
voltage will be maintained until it is about one-half 
discharged. From this point on, it will drop more 
rapidly to about 1.6 volts. The voltage of the cells, 
however, should not be permitted to drop lower 
than 1.8 volts per cell. 


If the discharge rate is heavy, the voltage will drop 
much more rapidly. The reason for the drop in the 
voltage is explained on pages 522, 542. 


If a high discharge rate is given, as when using the 
starting motor, the heavy discharge is only momen- 
tary. ‘The result will be that the voltage will drop, 
probably to 1.8 to 1.6, at, Say, a 200-ampere dis- 
charge, but will regain its normal voltage quickly 
when the circuit is opened—that is, if the battery 
is not already more than half discharged when the 
eee of discharge is applied. See also pages 

2, 545. 


INTERNAL TROUBLES OF STORAGE BATTERIES 


Some of the common troubles that a storage 
battery is heir to, are: 
. Sulphation of plates. 
. Buckling of plates. 
. Sediment. 
. Overheating. 
. Separators. 
. Short circuit of plates. 
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There are, of course, many other troubles, as 
enumerated in the ‘Digest’ of Storage-Battery 
Troubles,” but those mentioned above are the most 
common, and usually account for the necessity of 
repairing a battery. The meaning as well as the 
causes are given below, and also in the “Digest of 
Storage-Battery Troubles.” Tests are given else- 
where. See Index. 


Sulphation of Plates 


When cell plates are sulphated, it means that 
both plates are covered with lead sulphate (PbSO,) 
the condition in which they are when discharged. 
This sulphation ean act on the plates to such a 
depth that ordinary charging will not cause it to 
separate from the plate. In sucha case, the battery 
wi not ae charge or ue very much of a charge 
or any length of time, depending on the 
which the plate is uilbiated ‘ Sree 


A sulphated plate has the a earance shown i 
Fig. 30. A white chalky pabetante forms on ihe 
negative plate which is a non-conductor and 
insoluble. ‘This is usually caused by leaving a bat- 
tery in a discharged condition for a, long period of 
time and without water over the plates. : 


_ The remedy is to charge and discharge several 
times at a low rate. Owing to the sulphate on the 
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Vig. 30. 


A sulphated plate. 


plates, the chemical action which takes place is very 
slow. The sulphate covers the active material, and 
thus only a small current can be absorbed by the 
active material; and if charged at a high rate, the 
water will be decomposed and form gas and give the 
impression that the battery is fully charged. (The 
active material referred to is Pb on the negative 
plate and PbO, on the positive plate, which is 
covered over with sulphate.) 


It is more difficult to restore the negative plate 
than the positive plate. Only long-continued slow 
charging will tell. See Index under “Sulphated 
plates, how to restore.” If this does not remedy 
the trouble, the plates should be examined; most 
likely new plates are necessary. 


Sediments 


Any impurities that the water contains are left 
behind in the cells by the evaporation of the water, 
and thus they settle to the bottom of the cell jar. 


Mud and sediment will accumulate in the bottom 
of the battery and will eventually accumulate to 
such a height as to cause an internal short circuit of 
the plates, if any other than distilled water is used. 
The paste, or active material, falling off the plates 
will also result in the collection of sediment. 


When cleaning the sediment from a jar, it is 
generally wise to replace the separators at the same 
time. ‘The need for cleaning is usually indicated by 
lack of capacity, excessive evaporation of the elec- 
trolyte, and excessive heating when charging. 


SPILLED ACID MAKING 
SHORT CIRCUIT 


owe 


BUCKLED SEDIMENT FORMING TESTS FOR INDIVIDUAL 


PLATE SHORT CIRCUIT CELLS WITH TEST 
LOSING ACROSS PLATES LIGHT 
SED\MENT 


Fig. 31. Common battery troubles and a simple test. 


Buckling or Warping of Plates 


There is a tendency for the plates to shed the paste 
after it hardens on the grid, called ““buckling”’ of 
the plates, meaning to distort, or get crooked, from 
sudden high discharges. Other causes will often 
result in the active material (paste) loosening and 
falling out of the grids to the bottom of the jar, and 


causing a “short circuit” from one plate to another. 
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BULGING { 
CAUSED BY 
EXPANSION i 
FROM =f 
HEAT 


Fig. 32. 


Buckled plates. 


Some of the causes are: Dead short circuit, as 
between starting motor and battery, thus causing 
overheating; overcharging, and at an extremely high 
rate, thus overheating; violent discharging and 
short circuits inside of the battery, which also pro- 
duces excessive heat. 


When the battery does not hold its charge, it is 
usually due to one or more defects internal of the bat- 
tery, as just described, and each cell should be tested. 


It will thus be observed that heating is the princi- 
pal cause of buckling of the plates. Heat causes 
the plates to expand, and if heat is excessive and 
continued for a long enough period, the plates will 
assume a shape as shown in Fig. 32, which will cause 
the plates to cut through the separators. 


As a plate discharges, lead sulphate is formed on 
it, and thus occupies more space than the active 
material on it. If it expands equally, it will do no 
harm, but if the battery is over-discharged or 
charged at a very high rate, the active material will 
expand and heat, because the portion of the plate 
on which there is least sulphate will carry most of 
the current and thus overload this section of the 
plate. The result is excessive heat which results 
in expansion and “buckling.” 


Plates which are not buckled too badly can be 
straightened by putting them in a press. 


Overheating 


Overheating caused by overcharging may occur 
if the regulation system goes wrong and permits the 
generator to deliver excessive current. 


It is well to feel the battery occasionally, particu- 
larly the lead links and cover, after a long, hard 
drive. Should you suspect overheating, remove the 
vents from the cells and insert a thermometer, of 
the type made for insertion into liquids, into the elec- 
trolyte of each cell. 


The battery temperature should never be allowed 
to exceed 110° F. Garage men who make a practice 
of charging batteries in their plant should enforce 
this rule rigidly. 


Overheating should be avoided, because it expe- 
dites evaporation of water from the electrolyte, 
causes deterioration of plates and separators, and 
tends to buckle the plates. Overheating of one-half 
the battery should be guarded against. 


Sometimes heat will be produced at the connec- 
tors, where they are welded to the posts of the 
plates, owing to improper welding. This, of course, 
would then necessitate re-welding, and would be 
external of the cell. 


Separators 


The purpose of separators is explained on page 
542. Where a high rate of discharge 1s required 
from a battery, as with a starting motor, a freer and 
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more rapid circulation of the electrolyte with the 
active material on the plates is necessary. 


If a battery is used solely for low rates of dis- 
charge, as for ignition, then thick plates and per- 
forated hard-rubber separators are generally used, 
which give a very long life to the battery. 


Where a very high discharge is required at times, 
which in many instances may be over 200 amperes, 
then, as stated above, the rapid circulation of the 
electrolyte can better be accomplished through the 
pores of certain woods. The thin plates are used 
and many of them, in order to give sufficient plate 
area, and, thus the action of the electrolyte on the 
plates is more rapid. 


Various kinds of wood, and various methods of 
treating wood separators are employed by different 
manufacturers of storage batteries for starting, light- 
ing, and ignition purposes combined. Those woods 
which are porous and will withstand the chemical 
acid are such woods as-cypress, white cedar, Cali- 
fornia redwood, Douglas fir, poplar, basswood, 
cherry, etc. 


The Exide battery uses a grooved specially treated 
cypress wood separator of a very porous nature. 
The Eveready battery uses cherry wood. The 
General storage battery uses California redwood. 
The Willard battery uses separators made of rubber 
fabric pierced by hundreds of cotton threads. The 
electrolyte is carried through the thread from one 
side to the other by capillary action. 


When wood is used for separators, it is specially 
treated after sawing and grooving. ‘The separators 
are placed in a warm alkaline solution of about 3 
per cent caustic potash. This neutralizes the acetic 
acid which wood contains (and which if permitted 
to go into the cell would tend to dissolve the lead and 
cause it to crumble), and also removes resin from 
the pores. The pores must be fully open in order 
that the acid can act through them. 


The alkali is removed by soaking for about two 
to three days, and then washing in running water, 
The separators can then be used. If separators 
are not used after treating, then place them in a 
weak acid solution of about 1.025 or 1.050 sp. gr. 
The separators have a tendency to expand in the 
solution, and therefore, if they are not, kept wet, they 
will shrink, 


When new separators are received, they should be 
soaked for about five days in a solution of electrolyte 
of about 1.250 sp. gr., so that they will expand to 
the proper proportions outside of the cell instead of 
allowing them to expand in the cell. Separators 
are the weakest part of the battery. 

If the pores of wood separators clog from dirt, 
impurities in the water, or lead sulphate, this will 
prevent the electrolyte from circulating and the 
separators should be replaced with new ones. 


Battery Internal Short Circuits 
Battery short circuits may be external or internal. 


External battery short circuits may be due to 
acid on the top of the battery forming an electrolyte 
between terminals as at (A) (Fig. 31); to battery 
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terminals being sulphated, or in contact with the 
top of the metal battery box, or to the battery wire 
connections being acid-soaked. 


Internal battery short circuits may be due to the 
internal condition of the battery, such as plates 
warped or buckled, or a collection of sediment at the 
bottom of cells due to disintegrating plates, although 
the latter is rare because of the height of the plates 
above the bottom of the jar (see A, Fig. 31). The 
usual cause is broken or rotted separators, which 
permit the plates to touch. 


Fig. 33. The arrow points (W) show how broken down 
wood separators allow a plate to bend and to touch, causing a 
short circuit of the plates. Buckled plates usually cause this | 
trouble, and too much acid rots the separators. 


When one plate touches another inside of a cell, 
as at (W) (Fig. 32), it causes an internal short cir- 
cuit. Owing to the fact that the cells are connected 
in series, the other cells will then send a current 
through the shorted plates in a reversed or discharged 
direction, and the negative plate (Pb) will have a 
coating of the active material (PbO,) of the positive 
plate formed over it, and the positive plate will 
become a negative plate, through the reversal. 


This action also occurs when the terminals of a 
battery are reversed with the charging current. 
Most of the generators, however, on automobiles of 
the present-day type of construction will reverse 
their polarity to that of the battery. 


Internal short circuits, if of long standing, will 
necessitate new plates and separators. If the short 
circuit is not serious, the plates can be cleaned and 
new separators can be put in. 


If a battery is charged in the wrong direction for a 
period of time with the terminals reversed, or long 
enough to change the positive plates to negative and 
negative to positive, new plates and separators will 
usually be required. Sometimes batteries can be 
reversed by long-continued charging in the right 
direction. In fact, batteries have been used with 
plates reversed, while others in the same condition 
would fail to hold a charge at all. 


In time, even if batteries are kept in good condi- 
tion, age will tell on them, and the positive plates 
will begin to crumble. The active material on the 
negative plates will lose its porous, spongy lead 
formation and become hard (porosity is very impor- 
tant in battery plates so that acid can circulate 
through the plates as well as through the separators). 


From 15 to 24 months is the average life of a 
battery used for continuous daily starting purposes 
and general use (150 to 250 amperes discharge), as 
starting work is very hard on any battery. 


INSTRUCTION No. 48 
TESTING STORAGE BATTERIES: Voltmeter Tests; Cadmium Tests; 
High-Amperage Discharge Tests 


TESTING A STORAGE BATTERY WITH A VOLTMETER 


A battery should never be discharged com- 
pletely. As we have already stated, when testing 
with a hydrometer 1.150 is the limit for batteries 
peed for ignition and lights, and 1.225 for starting 
motors. 


A voltmeter can also be used to test the battery, 
but bear in mind that the test is not practical unless 
it 1s made when the battery is discharging or charg- 
ing. 


No cell should ever show less than 1.8 volts per 
cell, or 5.4 volts for a 6-volt battery (readings taken 
when battery is discharging or charging). The 
normal voltage of the battery is 2.2 volts per cell 
when doing no work, which, if the electrolyte be 
1.250 sp. gr., is usually lowered to about 2.1 volts, 
because of internal resistance. 


The storage battery, unless worked below 1.8 
volts, has a recuperative power of rising from 1.8 
volts to the normal 2.1 or 2.2 volts within a few 
minutes after the discharge current has been dis- 
continued. This act has often led many users 
eerey as to their opinion of the condition of their 
cells. 


For instance, suppose one to be out with his car, 
and the spark is not sufficiently strong to give satis- 
factory ignition of the gases; he stops to locate the 
defect. Usually the first thought is: Are the bat- 
teries right? The voltmeter is taken and put to 
the cells, and because they show a reading of 2.0 to 
2.1, they are deemed all good. 


As a matter of fact, if the reading had been taken 
while the battery was discharging, the voltmeter 
would probably have read 1.8 volts or perhaps less 
per cell. In this way it often occurs that much time 
is lost in going over the car looking for the defect, 
while all the time it has been the batteries which 
have innocently showed 2.0 volts, because they were 
standing idle. 


The voltmeter can also be used to determine the 
positive and negative poles of the battery. Touch 
the voltmeter terminals instantaneously across the 
circuit. If the needle runs upward in the normal 
direction on the scale, the voltmeter is properly 
connected and the wire which touches the positive 
meter terminal is thus identified as positive. If the 
connections were reversed, the needle would kick off 
the scale, indicating that the positive terminal of 
the voltmeter should be connected to the other wire. 


Note: Never connect an ammeter to the terminals 
of a battery, unless a shunt is used. 


The specific gravity test with a hydrometer is the 
method generally used to determine whether a stor- 
age battery is charged or discharged. Provide your- 
self with a hydrometer to enable you to test the 
gravity of your electrolyte periodically, and you will 
avoid a great deal of trouble. 


It may be said that the condition of the specific 
gravity is the pulse of the cell, and certainly it 1s 


the one means of ascertaining the exact condition 
of health of the cell or battery. 


The voltmeter is generally used by battery repair- 
men, and is very necessary under certain conditions, 
if properly used, for testing for a defective battery, 
or for grounds and short circuits, etc. 


The voltmeter can also be used to test a battery 
for its charged or discharged condition. When a 
charged battery is discharging it will give, say, about 
2 volts per cell until 50 per cent of its capacity is 
used, and then gradually drop to 1.8 volts per cell. 
Therefore a meter reading in one-tenth part of a 
volt will give an accurate test if the battery is on 
discharge, telling the condition between the 2-volt 
drop and 1.8-volt drop in fractions of a volt. 


The voltmeter, however, is more often used to 
test the condition of the individual cells. 


When to Test 


A voltmeter is used to test a battery when it is be- 
ing charged, in combination with a hydrometer test 
(see pages 547, 531). 


A voltmeter is also used to test for defective cells, 
as explained below. 


As previously stated, a battery is usually tested 
with a hydrometer in order to show if it is charged 
or discharged, but sometimes, the hydrometer read- 
ing will show 1.275 or 1.300, which, supposedly, 
represents a charged condition, Yet the battery 
fails to hold its charge. In this instance, it is neces- 
sary to use a voltmeter to determine the cause which 
is usually found to be internal of the cell. 


Voltmeter Storage Battery 


Fig. 1. Testing a 3-cell, 6-volt battery with a voltmeter. 
The first step is to test the entire lot of cells, after 
determining that the battery has been charged and 
that the electrolyte reads from 1.275 to 1.300. Use 
the 30-volt range (model 280 Weston instrument as 
an example), and make connections as shown in 
Fig. 1. The test should be made with the battery 
discharging at a normal rate, say with the lights on. 


A 3-cell, 6-volt battery (as in Fig. 1) should test 
2 volts per cell, or approximately 6 volts for the 
three cells. 


If the test shows the proper voltage and the 
specific gravity is 1.275 to 1.300, then the fact that 
the battery does not hold its charge is due to out- 
side causes, such as loose connections, grounds, etc. 
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If the test shows a decided drop in voltage and 
yet the battery is known to have been charged, then 
the trouble is internal of the battery, probably in one 
or more cells. 


If all cells do not come up to test, then test each 
cell of the battery separately, in order to find, on 
normal discharge, which cell is defective. 


There are three methods used for testing battery 
cells: 
1. With a low-reading voltmeter. 
2. With a cadmium voltmeter, 
3, With a high-amperage discharge test. 


Example of Testing Individual Cells ofa 
Storage Battery with a Low-Reading 
Voltmeter 


The Weston model 45 voltmeter, designed espe- 
cially for battery testing, will be used as an example. 


Tig. 2. Weston model 45. 


Low-reading battery-testing 
voltmeter. 


This instrument is a direct-current permanent- 
magnet moving-coil voltmeter, having a range of 
0.2-0-3.0 volts, intended for testing individual cells. 
It will test for low readings and also make the cad- 
mium test. 


The scale (Fig. 3) has 160 divisions, each division 
having a value of 0.02 volt. When reading this 
instrument, look directly down upon the scale, so 
that the image of the pointer in the mirror exactly 
coincides with the tip of the pointer itself. Slight 
deviations in the zero position of the pointer are 
corrected by means of the zero adjuster screw. 


MIRROR 


Fig. 3. Scale as used on the Weston model 45 battery- 
testing voltmeter. Approximately half actual size. ; 


Note. The 2.35 and 2.45, as also (—) and (+) and .1, are not 
actually shown on the scale. These figures have been added 
here in order to show the points generally used for cadmium 
tests, as explained farther on. 


Open-Circuit Cell-Voltage Test 


This test consists of measuring the voltage of 
each cell of the battery without any current being 
passed into or taken from the battery. 


The purpose of this test is to find out if the cells 
are in a Charged or discharged condition. 


Procedure: Connect the cable (Fig. 4) having 
the plain spike terminal (T) to the binding post of 
the voltmeter marked (+). 


Connect the cable having the combination spike 
(T1) and cadmium (C) to the (—) binding post. 


Press the plain spike terminal (T) into the (+) 
terminal of a cell and the combination terminal (TT) 
into the (—) terminal of the same cell. Be careful 
to penetrate into the metal of the cell terminals. 
Test all cells in the same manner. 


Note. 
Although the cadmium stick (C) is attached to the spike (T1), 
it is not in use. 


This test is for the open-circuit voltage of the cell. 


The voltage indicated should be 2 volts or a little 
higher. If it is 1.8 or lower, the cell should be tested 
under load, as explained under the following heading. 


Fig. 4. Open-circuit voltage test of cells. 


Testing the Voltage of Cells with Current 
Flowing 


Purpose of the test: In the paragraph preceding, 
the statement was made that if 1.8 volts, or lower, 
was indicated the cell should be tested under load. 
The object of this would be to find out if the fact 
that the cell tested only 1.8 was due to a discharged 
condition or to a defect internal of the battery cell. 


Procedure: When this test is to be made on a 
battery of the automotive type, connect a “resistor” 
across the terminals of the battery, as shown in the 
illustration (Fig. 5). 


This resistor! can be readily made by winding 
about 9 feet of No. 16 soft-iron wire in the form of a 
helix with the convolutions Separated so as to pre- 
vent touching, and is for the purpose of having the 
battery on discharge during the test. 


_ With the resistor in place, as in Fig. 5, the current 
is flowing through it, and the battery is discharging. 
Press the spike (T) into the (+) terminal of the cell 
under test, and the spike (T1) into the (—) terminal 
of that cell. Make this test on all cells, 


1See page 554, explaining how to make a “heavy discharge 
tester’’ which can be used in place of this resistor, a 
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Fig. 5. Voltage test of cell with battery discharging. 


If the tests on all cells of the battery show approxi- 
mately the same voltage, the battery is in a dis- 
charged condition. 


If any cell has a voltage which is lower than that 
of the others by a relatively large amount, it is quite 
possible that the plates of that cell are defective and 
should be carefully examined. This is usually done 
by opening the cell. 


By making a cadmium test, the condition of the 
plates can be ascertained without opening the cell, 
and furthermore, the cadmium test will indicate if 
it is the positive or negative group of plates which 
are defective, as will be explained farther on. 
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Specific Gravity Test of Electrolyte 


The test just described was to ascertain if the cells 
were defective or discharged. It was pointed out, 
that if one cell shows a voltage relatively lower than 
the others, it was probably defective internally, and 
the proper test then to make would be the cadmium 
test. If, however, the tests show approximately 
the same voltage (1.8) or less, then all cells are prob- 
ably discharged. The test to make in such a case 
is the specific-gravity test. 


After determining the cell voltage with current 
flowing (as in Fig. 5), and ascertaining that the bat- 
tery is in a discharged condition, the electrolyte 
should then be tested with a hydrometer, as de- 
scribed on page 531. When using the hydrometer 
caution should be exercised to draw only enough 
solution into the tube to float the hydrometer freely, 
and never to put electrolyte taken from one cell into 
another cell. Care must also be taken not to cause 
air bubbles in the cell, as these are very difficult to 
remove and will often result in loss of electrolyte. 


A fully charged battery will have an electrolyte 
gravity of from 1.275 to 1.300. 


A discharged battery will test only 1.150 to 1.175. 


If the gravity test is low, charge the battery until 
the hydrometer does not show any further increase 
in the gravity. Then repeat the test with current 
flowing. 

If there are no defects in the cells, the voltage 
with current flowing will approach a value of 2 volts 
per cell. 


If, however, the voltage drops considerably, the 
plates are likely to be defective. 


CADMIUM TEST OF A STORAGE BATTERY CELL 


Let us assume that when the test was made, as in 
Fig. 5, the voltage of one cell was lower than that of 
the others by a relatively large amount. Let us 
assume also that after making the specific-gravity 
test with the hydrometer after the battery was put 
on charge, the voltage dropped considerably. The 
indications then point to its being a defective cell 
internally. 

The cadmium test should then be made in order 
to find out which group of plates are defective: 
whether it is the negative or positive plates of the 
cell. 

The cadmium test is never made with a battery on 
open circuit. It is always made when the bat- 
tery is on charge or discharge. An explanation of 
the principle of the cadmium test is given farther on. 


Cadmium Test with Battery on Charge 


Procedure in the cadmium test: Charge the bat- 
tery until its voltage and specific gravity attain 
constant values, and, while on the finishing rate of 
the charge, make the test. 


Connect the plain spike (T) cable to the (+) bind- 
ing post of the voltmeter (Fig. 6), and the one with 
the cadmium stick to the other binding post. 


Testing the positive group of plates of a cell: In- 
sert the cadmium stick into the vent hole of the 
cell to be tested, taking care that it does not touch 
the plates. Press the plain spike terminal into the 
(+) terminal of the cell under test, and, with the 
“finishing rate’ of charging current passing into 
the cell, observe the reading of the voltmeter. 


Before taking the reading, the cadmium stick 
should be kept in the electrolyte until the voltage 
reading has become constant. 


VOLTMETER + 

<KSsy” 
Gren 

Fig. 6. Cadminm test of a cell. 


If the positive plates are in good condition, the 
reading will be between 2.35 and 2.45 volts. 


If the reading is less than 2.35, it is probable that 
the positive plates are defective. 


Testing the negative group of plates of a cell: 
Transfer the plain spike terminal to the (—) terminal 
of the cell. ‘The reading this time will be to the left 
of the zero on the scale of the instrument. 


A fully charged negative group in good condition 
should be between 0.1 and 0.2 volt, to the left of 
zero (0). 

If the reading approaches zero, or if it is to the 
right of zero, the negative plates are probably 
defective, or are in a sulphated condition requiring 
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an extended period of charging to put them back in 
a healthy condition. 


If the test on both the positive and negative plates 
gives readings which approach zero, the battery is 
short-circuited. 


In general, it is understood in the case of a battery 
on charge, that if the cadmium test to the negative 
plates does not give a minus reading, the battery is 
not up to capacity, but a minus reading is not neces- 
sarily proof that the battery is up to full capacity. 
This can be determined by making a discharge test. 


Cadmium Test with Battery on Discharge 


Procedure: The battery should be discharged at 
its normal discharge rate until the voltage per cell 
is 1.8 volts with current flowing. Keep a record of 
the time in hours required to do this. Then with a 
discharge current of 5 amperes flowing, the cad- 
mium test should be repeated. 


The reading to the positive plates should be about 
2.05 volts, and to the negative plates about +0.25 
volt, or to the right of zero (0). 


If the reading to the positive plates is much below 
2 volts, it is probable that the positive group is 
defective. 


If the reading to the negative group is greater 
than +0.25 volt, it is probable that the negative 
group is defective. 


When the readings indicate defective plates, it is 
advisable to make a thorough inspection of the 
plates, 


Upon reaching the voltage of 1.8 volts per cell, 
the battery should have given its rated ampere-hour 
capacity. This is determined by multiplying the 
ampere discharge rate by the time in hours. If the 
full ampere-hour capacity has not been given, 
the battery is lacking in capacity, and it is probable 
that one or both groups of plates may be defective. 


When the cadmium readings show the plates to be 
in a fully charged condition, the density of the 
electrolyte should be determined. This should be 
between 1.275 and 1.300. If it is not, the electrolyte 
should be made to have the correct density. 


If the density indicates a fully charged cell but 
the cadmium test does not show fully charged 
plates, the charge should be continued to see if the 
cadmium readings will become what they ought to 
be. If not, the plates are probably defective. 


Remarks on Cadmium Tests 


The cadmium test is usually made when a battery 
is tested with a hydrometer and the tests show that 
the battery is fully charged, but when a battery is put 
into service the voltage drops rapidly and the bat- 
tery fails to deliver its capacity. If the battery 
voltage failed merely because the battery was dis- 
charged after delivering its normal capacity, then 
there is no need of making a cadmium test. The 
battery in this instance needs recharging, simply. 


If, however, as mentioned above, the hydrometer 
tests show the battery to be charged, but that when 
put into service it fails to maintain its charge for its 
rated capacity, and the voltage drops rapidly on 
normal discharge, this condition is probably due to 
defective plates. The cadmium test will determine 
which set of plates are defective, or which set. fails 
to hold its charge, 


The cadmium test is also made when a battery 
on charge does not attain its proper voltage (2.6) per 
cell, and its specific gravity will not rise to a normal 
reading of 1.280 to 1.300 Sp. gr. 
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The cadmium test is usually made when the bat- 
tery is still on the charging line. The charging rate 
should be that recommended by the manufacturer, 
which is the “finishing rate.” The battery should 
be charged until the voltage and specific gravity 
attain a constant value, and will rise no higher. 


Voltmeter Used with a Cadmium Test 


Parts of the cadmium outfit are more fully ex- 
plained on page 550. 


The voltmeter used for making cadmium tests 
should be a low-reading voltmeter with an additional 
reading to the scale on the left of zero. 


Cadmium reading scale of voltmeters: On some 
cadmium-test voltmeters the scale is marked especi- 
ally for cadmium readings, as discussed on page 550. 


The scale used on the Weston model 45 (Fig. 2) 
voltmeter, is shown on page 546. 


The scale used on the Weston model 280 combina- 
tion volt-ammeter (Fig. 15, page 468) does not show 
the cadmium reading which has been added to the 
scale. 


Fig. 7. The scale which is now used on the Weston model 
280 volt-ammeter. 


The illustration (Fig. 7) shows the scale now being 
fitted to this instrument, by which it is possible to 
make cadmium readings. The scale has 60 divisions 
from 0 to 8, each division being .05 of a volt. Four 
divisions to the left of “0” have been added for 
the cadmium negative readings, which are .05 of a 
volt each, or .1 volt for two divisions. 


Cadmium Test-Points and Test-Cables 


The cadmium test-points and test-cables for use 
with the Weston models 45 and 280 are shown in 
Fig. 8. 


Price per pair, including the cadmium stick, as sh i i 
10,95 é ee cable, shiek and point, $2.75; plain anlie oe 
cable $2.25, ese can be secured of A. L, i 
Department, St, Louis, Mo.) Of Ay Tet Dy kon Blecirica| 
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Principle of the Cadmium Test 


_ When making a cadmium test, the cadmium stick 
is placed into the electrolyte vent hole of a cell, as 
shown in Fig. 6, page 547. The test-point is then 
placed on the terminal of the (+) positive plate 
group, to test the positive plates (Fig. 6), and on the 
terminal of the negative (—) plate group, to test the 
negative plates. Hither of these tests really makes 
two distinct cells out of the one cell. 


For example, let us take two plates of a cell, as 
shown in the simplified illustration (Fig. 9). The 
test is made of the positive plate when the battery 
is on charge, and of the negative plate (Fig. 10) 
when the battery is on charge, that is, when the 
battery has about reached its charged condition and 
is still on the line, being charged at the finishing rate. 


Fig. 9. 
Fig. 10. 


Positive plate test when on charge. 
Negative plate test when on charge. 


Testing the positive plates of a cell on charge: 
With the prod (T) on the positive plate (Fig. 9), 
which is connected to the (+) terminal of the volt- 
meter, and the cadmium stick in the electrolyte, 
which is connected with the (—) terminal of the 
voltmeter, the cadmium acts as a negative (—) plate. 
Thus the voltage would be taken of the positive (+-) 
plate, and the voltmeter needle will read in its 
normal, or right-hand direction, because the current 
is flowing through it from the (+) plate, to (+) of 
the meter, from (—) of the meter, to (—) of the 
cadmium. 


Testing the negative plates of a cell on charge: 
If we now place the prod (T) on the negative (—) 
plate (Fig. 10), then the cadmium acts as a (+) 
plate. Thus the voltage would be taken off the 
negative plate, but the meter needle would read in a 
reverse, or left-hand direction (if charged), because 
the cadmium stick, which is now acting as a (+) 
plate and from which the current first flows to the 
meter, being connected with the (—) terminal of 
the meter, will cause the voltmeter to read in the 
reverse direction, not only on this voltmeter but 
on any other. Hence the addition to left of (0) on 
scale of a voltmeter (Fig. 3, page 546, and Fig. 7). 


When the positive and negative plate tests are 
made, as described in the foregoing explanation 
(Figs. 9 and 10), the test is being made when the cell 
ison charge. ‘Therefore, when a cell is being tested 
while on charge, and is charged or almost charged, 
the negative plate readings should be on the left or 
(—) side of (0) on the scale of the meter. 


By adding the readings of the positive plate and 
of the negative plate, when a cell is being tested on 
charge as described above, the sum should be the 
voltage of the cell, because, when tests were made, as 
in Figs. 9 and 10, the cell was divided into two parts. 


The object of making the test is to determine 
whether the positive plates test up to the standard 
as they should, when the cell is supposed to be 
charged, and whether the negative plates are up to 
standard voltage. If either of them fail to come up 
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to this standard, then they are probably defective, if 
the electrolyte tests as it should. 


The standard voltage of the positive plates (when 
charged) should read approximately from 2.35 to 
2.45 volts, and that of the negative plates should 
read from .1 to .2 of a volt (to the left, or (—) of the 
scale), if in good condition. 


Thus, if the two voltage readings are added 
together (2.45+.2=2.65), we have 2.65 volts as 
the total voltage of the cell, or a fully charged cell. 


Suppose, however, that a cadmium test was made 
after the battery was put on the charging line, yet 
the cells are not charged, being nearer a discharged 
condition than a charged condition. In_ this 
instance, the negative plate reading would probably 
be on the right, or (+) side of (0) of the scale; and 
therefore the negative plate readings when on the 
(+) side of (0) are subtracted or deducted from 
the positive plate readings, which should give the 
total voltage of the cell. See an example of a test 
of this kind in the table, on page 551. 


As another example, let us use two plates of a cell, 
as shown in the simplified illustrations (Figs. 11 and 
12). The tests are being made when the battery 
cells are discharged to 1.8 volts and while the bat- 
tery is being discharged at 5 amperes. 


When making this test, the battery is first dis- 
charged at its normal rate, until the voltage drops 
to 1.8 volts. During the discharge, the battery is 
closely observed to see if it gives its rated capacity 
during the time it is discharging. 

A cadmium test of a discharged battery is usually 
made if a battery fails to give its rated ampere-hour 
capacity, for if it is in good condition, it should do so. 


The ampere-hour capacity or discharge rate of a 
battery is usually stamped on the nameplate of 
the battery. For example, if a battery had an 
“ampere-hour capacity’ of 80 ampere-hours, and 
the “discharge rate’”’ was 10 amperes, it would dis- 
charge at 10 amperes for 8 hours, gradually dropping 
to 1.8 volts, at which time it is discharged, and, if in 
good order, has delivered its full capacity. 


If the battery is known to be fully charged and 
the electrolyte tested to 1.275 to 1.300, yet in an 
appreciable difference in time it drops to 1.8 volts 
before it has delivered its rated capacity, this may 
possibly be due to the condition of one of the group 
of plates, positive or negative, or of one or more 
cells, which discharged first. The purpose of the 
test on discharge is to determine if it is the negative 
group or the positive group which are defective, or 
which failed first. If one or the other fails to come 
up to the standard voltage under certain conditions, 
as outlined above, then the group (positive or 
negative) which differs greatly from the standard is 
the one at fault. 

The cadmium test is then taken, after the cell is 
discharged to 1.8 volts and with the battery dis- 
charging at 5 amperes, in the following manner: 


Positive plate test when on discharge. 
Negative plate test when on discharge. 


Fig. 11. 
Fig. 12. 
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Testing the positive plates of a discharged cell: 
With the prod (T) on the positive 4+) (Fig. 11) 
the cadmium now acts as a (—) plate. Therefore 
the test is of the positive plate. When the battery 
is discharged and is discharging at 5 amperes, 
the reading of cadmium to positive (+) plate should 
show about 2.05 volts, if the plates are in good con- 
dition. 

Testing the negative plates of a discharged cell: 
With the prod (T) on the negative plate (Fig. 12), 
the cadmium acts as a (—) plate and the negative 
plate acts as a (++) plate (when discharged). There- 
fore the test is of the negative plate, and the reading 
should show about -+0.25, or to the right of (0) on 
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the scale (Fig. 3, page 546). When a discharged 
cell is tested while on discharge, the negative plate 
readings will be on the right, or the (+) side of (0). 
Therefore the negative plate reading is deducted 
from the positive plate reading, which should give 
the voltage of the cell being tested. 


For example, suppose the reading of the cadmium 
to the positive (+) plate (Fig. 11) is +2.05 volts, 
and the cadmium reading for the negative plate 
(Fig. 12) is +0.25 volts. The difference would be: 
2.05—0.25=1.80 volts, or 1.8 volts, which is the 
voltage of a discharged cell in good condition and 
the voltage the cell should test if the voltmeter is 
placed on the cell terminals. 


THE AMBU CADMIUM-TEST VOLTMETER 


This instrument has a specially designed scale 
which is easy to read. Explanations are given 
below. 


Readings on the Seale of the Voltmeter 


This special voltmeter (Fig. 13) has the (0) line 
near the left end of the scale. The scale is marked 
especially for cadmium tests. 


Fig. 13. Ambu special cadmium scale, 


To the left of the (0) line is a red line marked 
“NEG. CHARGED.” This line indicates the 
reading of —0.175, which should be obtained when 
testing new negative plates which are fully charged, 
that is, when making a cadmium test on the nega- 
tives, the pointer should move to this red line. If 
the pointer does not move as far as the red line, the 
negatives are not fully charged. 


Similarly, there is a red line at +0.175, marked 
“NEG. DISCHARGED”; at +2.00 marked “POS. 
DISCHARGED”; and at +2.42 marked “POS. 
CHARGED.” 


Old cells will give readings which are not quite as 
high as those indicated by the red lines. 


Any accurate voltmeter, which gives readings up 
to 2.5 volts in divisions of .05 volt, can be used, but 
the advantage of this instrument is in the scale 
prepared especially for cadmium-test readings. 


Cadmium Stick and Test-Points 


Cadmium is a metal. It looks like zinc, but is 
pure, because there is no other substance mixed with 
it. 


Copper Test Point 


nee!  DinextosemarmuremreenY, 
Cadmium 8tick 


_ Fig. 14. The test-point, with the cadmium stick riveted to 
it. The cadmium is the part which is inserted in the electrolyte. 
It is always connected with the (—) side of the voltmeter. 


A cadmium testing outfit! consists of two copper 
test-points, one of which has a stick of cadmium, 


1Can be secured of A. L. Dyke, Electrical Department, 
Granite Building, St, Louis, Mo. See adyorcsement at the 
back of this book. 


about 314” long and 14” in diameter riveted to it, 
as in Fig. 14, and a special-reading voltmeter. 


Why a Cadmium Test Is Necessary 


The condition of a storage battery is usually 
ascertained by taking a specific -gravity reading of 
the electrolyte, with a hydrometer, a reading of 
1.275 to 1.300 being usually considered as indicating 
a fully charged cell. While specific-gravity readings 
with a hydrometer should always be made, yet they 
should not be relied upon entirely. 


For instance, a battery which gave entirely satis- 
factory hydrometer tests may show a rapid drop 
in voltage when in use, yet this condition could not 
be foretold by hydrometer readings alone, because 
the hydrometer readings would not tell us the con- 
dition of either the positive or negative plates, and 
it is their condition which determines the amount 
of energy in any battery. 


Voltmeter Tests of Cells 


We may also take a voltage reading of all cells of 
the battery, as in Fig. 15, while the current is being 
drawn from the battery which gave satisfactory 
hydrometer readings. This would tell us if the 
plates were not in good condition, but it would not 
tell us which set of plates was at fault, because the 
voltage reading includes all positive and negative 
plates, as in Fig. 15. 


an& 

To 
Charging Wires 
Fig. 16 


Testing the voltage of all cells of a battery, when 


Fig. 15. 
tho bauer is on charge, and preliminary to taking a cadmium 
est. 


Fig. 16. Testing one cell of a battery when on charge, and 
preliminary to a cadmium test. 


If we took a voltage reading of one cell of the bat- 
tery, as in Fig. 16, while the battery is on charge, it 
will be readily seen that the test includes both posi- 
tive and negative plates. Suppose the battery will 
not take a full charge, which set of plates is defective: 
the positive or the negative? 


_ Therefore, to determine the condition of the posi- 
tive and negative plates separately, we must make a 
test between each set of plates and some neutral 
substance. Theoretically, a number of substances 
could be used for the neutral substance, but for prac- 
tical reasons cadmium is used. 
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The cadmium test can be made while a battery 
is on charge or when it is being discharged. Asa 
rule, the test is made only near, or at the end of a 
charge, in order to determine if both positive and 
negative groups are taking the charge properly. 


How to Test a Battery on Charge 


The charging current must be passing through the 
battery at a normal rate when the test is made, and 
the needle of the voltmeter should be exactly on 
zero—this can be set with the zero adjustment. 
The best time to test is at the finishing of the charge. 
Then proceed as follows: 


First measure the voltage of one cell, by holding 
one of the test-points on the positive (+), and the 
other on the negative (—) terminal of the cell, as in 
Fig. 16. 


If the cell is fully charged, the reading of the volt- 
meter will be from 2.5 to 2.6 volts, depending on the 
age of the battery; a new battery giving a higher 
reading than an old one. 


Cadmium Test of Positive Plates When on 
Charge 


Test the positive plates of one cell, by inserting 
the cadmium rod on test-point (TC) in the electro- 
lyte at vent (V) of the cell, as shown in Big, 17, 
being sure that the cadmium does not touch the top 
of the plates (a rubber tip at the end of the cadmium 
stick is provided on the Ambu set, to avoid any 
probability of touching it). 


Test Point } 


Fig. 17.. Making cadmium test of the positive plates of one 
cell of the battery. Each cell is tested in the same manner. 


Allow the cadmium to remain in the electrolyte 
for several minutes, until the electrolyte has no 
further effect on the cadmium. Then hold the 
pointed end of the other test-point (TP) on the posi- 
tive cell terminal. 


If the positive plates are fully charged, the volt- 
meter reading will be, to the right of line (0) (Fig. 13), 
at least 2.35 and possibly 2.42 or even 2.50, if the 
battery is new. Should the reading be less than 
2.35, then the positive plates are not fully charged. 


Continue the charge, and if the positive plates 
will not then give a reading of at least 2.35, the 
positive plates are defective. 


Cadmium Test of Negative Plates When on 
Charge 


Test the negative plates by placing the test-point 
(TP) on the negative terminal of the cell, as shown 


in Fig. 18. 


Charging Wires _,d 
Positive 


Veitmeter 


Fig. 18. Making cadmium test of the negative plates of 
one cell of a battery. Each cell is tested in the same manner, 


If the negative plates are fully charged, the volt- 
meter reading will be from —0.175 to —0.2, that is, 
the needle will move to the left (or [—] side) of (0) 
on the scale (Fig. 13). 


Should the reading be very nearly zero, or if 
the needle swings to the right (or [+] side) of the (0) 
(Fig. 13), the negative plates are not fully charged. 


Continue the charge, and if the negative plates 
will not give a reading of from 0.175 to 0.2 volts to 
the left of the (0) line on the scale, then the negative 
plates are defective. 


Test the positive and negative plates of the other 
cells of the battery in the same manner. 


If the positive and negative readings, taken when 
charging a battery at finishing rates, or when a test 
is made of a battery almost charged, are added 
together, the sum should be the voltage of the cell, 
that is, when the negative readings are on the left, 
or (—) side of (0) on the voltmeter. 


Example of Cadmium Test-Readings of a 
Battery 


The following table furnished by the Ambu Co., 
gives the voltmeter and cadmium readings taken 
at hourly intervals on a battery during the time 
when it was being charged at a normal rate. A 
healthy battery should not depart widely from these 
readings, 


Reading Reading. 
positive negative 
Hours Reading pole pole 
on across to.cade to cad-= 
charge celk-volts mium-volts mium-volts 
Omer niemceLO 2.25 + .15 
Lge picaate Paty OT + 10 
egies o 2.19 2.28 + .09 
Be aretoeceL 2.29 0 
A Matcltte 2.23 2.31 08 
aes sreeers 2.24 2.32 + .08 
(} Gocooo 2.25 Paes) + 08 
TF Soran 2.30 235 + .05 
Simeone: 2.48 2.43 — .05 
LP amence 2,60 2.50 — .10 


(++) in front of the figures means that the reading is on the 
right or (+) side of ‘'0’’ of voltmeter. 


(—) in front of figures mean the reading is on the left or (—) 
side of ‘‘0”’ of voltmeter. 


Explanation of Readings Given in the Table 


Whether the cadmium readings should be added to or sub- 
tracted from each other depends entirely on the question 
whether the negatives give a positive (+) or negative (-) 
reading. 


If they give a positive (+) reading, the cell voltage is the 
difference between the readings, while if a negative (—) reading 
is obtained, the cell voltage is the sum of the readings. 


With a battery on charge, the negatives will give a negative 
(—) reading as the approach a state of charge. While the 
cell is still in a discharged condition, the negatives will give a 
positive (+) reading, even though the cell is being charged. 


If a charged battery is put on discharge, the negatives will 
give a negative (—) cadmium reading until the cell approaches 
a discharged condition, and will then give a positive (++) reading. 
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Note that we have previously stated that when a cell was 
fully charged the voltage of cell should be 2.5 to 2.6, measured 
while the cell is on charge. 


In the table above, the battery was put on the charging circuit 
when the voltage of the cell was 2.10 (or 2.1) volts as shown, 
which practically represents a fully discharged condition, as 
the voltage was measured while the cell was on charge. If the 
cell voltage were measured on discharge, it would be about 1.8 
volts. Therefore, when the positive plate reading was made, 
it showed 2.25 volts, and thus positive plates are practically 
in a discharged condition. The negative plate readings showed 
-++ .15, meaning that the needle moved to the right or to the GP) 
side of zero, which it should do if the negative plate is dis- 
charged. 


Whenever the needle of the voltmeter moves to the right, or 
the (+) side of (0), when making a negative plate test, then 
the plate is not charged; and by subtracting the negative read- 
ings from the positive readings, the difference will be that of 
the cell voltage. 


For instance, note the first line of the table: The positive 
plates read +2.25 volts and the negative +.15 volts. The 
difference between +2.25 and +.15 =2.10, which is the cell 
voltage. 


Whenever the needle of the voltmeter moves to the left, or 
(—) side of (0), in making a negative plate test, then we know 
the negative plate is either near charge, or charged, and by 


adding the negative readings to the positive readings, the sum 
should be that of the cell voltage. 


For instance, refer once again to the table, and note the line 
where the battery has been on charge for 8 hours. The positive 
plates read 2.43 and the negative —.05, meaning that the 
needle of the meter is now reading on the left of (0). Therefore 
by adding 2.43 and .05=2.48, we have the actual voltage of 
the cell. 


After 9 hours, the positive plates read 2.50 and the negative 
plates —.10. Therefore, by adding 2.50 and .10=2.60 (or 2.6), 
we get the true voltage of the cell. The plates and cell are 
fully charged. 


How to Test a Battery on Discharge 


The battery should be discharging for this pur- 
pose, and to this end it may be connected to a 
number of lamps which will draw about 5 amperes 
from it. The test should be made after the battery 
has been discharged to 1.8 per cell. Then make the 
cadmium test. 


Test the positive plates on discharge in the same 
manner as before mentioned when testing a battery 
on charge. 


If the positive plates are discharged, they will 
give a reading of 2.00 to 2.05 volts. 


If the hydrometer test shows that the battery is 
discharged, and the positive plates give a reading 
greater than 2.05, they are not discharging properly, 
or else there is an incorrect amount of acid in the 
electrolyte. 


Test the negative plates on discharge in the same 
manner as before mentioned when testing a battery 
on charge. 


_If the negative plates are discharged, they will 
give a reading of about 0.175 to the plus side, or 
right of the (0) line on the scale. 


If the negative gives a reading between (0) and 
0.175, but less than 0.175, they are not discharging 
properly. 


The difference between the positive and negative 
readings gives the total voltage of a cell, when tested 
on discharge, or when the reading of negative plates 
1s on the right, or (+) side of (0) of the voltmeter, 
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What to Do if Cadmium Tests Show Defective 
Plates 


Usually, when the cadmium tests show that 
either positive or negative plates are not taking 
a charge satisfactorily, it is only necessary to con- 
tinue the charge until the proper readings are 
obtained. 


If the specific gravity of the cell is not from 1.275 
to 1.300 when the cadmium tests show that both 
positives and negatives are fully charged, some of 
the electrolyte should be removed and replaced by 
pure distilled water, or by 1.400 specific gravity 
electrolyte, as the case may require. 


If the specific gravity reading is too high, add 
the distilled water. 


If the specific gravity reading is too low, the 1.400 
specific gravity electrolyte should be added until 
the gravity is from 1.275 to 1.300. 


Should the specific gravity reading indicate that a 
cell is fully charged, that is, if the hydrometer tests 
give readings from 1.275 to 1.300, but the cadmium 
tests indicate that both sets of plates are not fully 
charged, continue the charge to see if the proper 
cadmium readings can be obtained. 


If it is impossible to obtain the proper cadmium 
readings on one or both sets of plates, these plates 
are defective. 


If the operation of the battery on discharge is 
satisfactory, the only effect of the defective plates 
will be to cause the attery to lose its charge more 
quickly than normal, and thus require frequent 
charging. 


If the operation of the battery on discharge is not 
satisfactory, however, the battery should be opened, 
and the defective plates repaired, or new plates 
put in. 


Pointers to Remember When Making 
Cadmium Tests 


1, Remember that current must be passing through the battery 
when you make the cadmium tests. 


. The temperature of the electrolyte should be about TAD IY 
when cadmium tests are made, if accurate results are desired. 


3. Do not send out a new battery unless the hydrometer read- 
ings are from 1.275 to 1.300, until the positive-to-cadmium 
tests give at least 2.40 volts, and the negative-to-cadmium 
tests give about 0.175 volts. 


4. Do not scrape off the coating of sulphate which forms on the 
cadmium. 
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- Do not allow the cadmium to become dry after you have 
made tests with it. Keep the cadmium immersed in a glass 
of pure distilled water, or dilute the electrolyte. 


6. Be sure to get good contact when you hold the sticker on 
the battery terminal. Bear down on the handle so that the 
point of the sticker digs down into the terminal. 


7. If both positive-to-cadmium and negative-to-cadmium read- 
ings are very nearly zero, the cell is short-circuited and must 
be inspected for excessive sediment, or defective separators. 


8. The end of the cadmium rod must not be allowed to touch 


the tops of either set of plates, as this would give worthless 
readings. 


THE HIGH-AMPERAGE DISCHARGE TEST 


_The high-amperage discharge test is a valuable 
aid in determining whether batteries or individual 
cells require repairs or not, particularly in cases 
where the hydrometer readings give false indica- 
tions, as for instance, if acid has been added instead 
of water. The high-amperage discharge test must 
be used in conjunction with hydrometer readings. 


When making a high-amperage test, the actual 
voltage of the cells is not so important as how they 
compare with each other. It may be used to test 

oth incoming and outgoing batteries, and the 
method of using it depends upon whether the battery 
1S Coming In or going out. This test also indicates 
how battery performs when the starter is in use, 
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Advantages of Testing a Battery at a High- 
Amperage Discharge 


This test is useful for determining the following: 


1. The condition of the connections: 
poorly burned. 


if loose or 


2. The condition of the separators. 


3. The condition of the positive and negative plates. 


4. Prevents charging a defective battery which will 
not hold its charge. ’ 


5. Whether or not there are internal short circuits. 


There are various methods employed for making 
a high-amperage test, some of which are shown on 
pages 552-554. 


In either case, the test consists of discharging 
the battery at a fairly high amperage and taking the 
voltage reading of each cell while discharging. 


A suitable current rate for this test is approxi- 
mately 28 amperes for the number of positive plates 
in each cell for the usual types of automobile 
starting and lighting batteries. For example, take 
an Exide 3-XC-13 battery, which has 13 plates per 
cell (7 negative and 6 positive plates). The 
required amperage discharge would be 6X28=168 
amperes, which would be the approximate discharge 
rate of entire battery. aS 


Hold the current for about 10 or 12 seconds, and 
then take the individual cell voltage readings. 


Test for Battery Coming in for Charging 
or Repairs 


First take a hydrometer reading of each cell. 


If the readings are within 25 points of each other, 
and all are below 1.200 (1.130),1 most likely all the 
battery needs is a bench charge (see page 573), with 
a possible adjustment of the strength of the solution. 


If the readings are above 1.200 (1.130)1, or one 
cell differs from the others by 25 points or more, 
make the discharge test, and if the voltage readings 
are within 0.10 (.1) volt of each other, the battery 
needs a bench charge with an adjustment of the 
strength of the solution, or else replacement of a 
leaky jar. 


If the voltage readings differ by 0.10 volt and the 
battery is pretty well charged, there is something 
internally wrong with the cell having the low read- 


ing, provided it has not been short-circuited in 
service. It should be opened and examined. 


With a discharged battery, the difference in volt- 
age will be greater, depending on the extent of dis- 
charge, and only experience can guide the battery 
man in drawing correct conclusions. 


Test for a Battery after Charging and when 
Ready for Service 


Just before putting the battery into service, make 
the test as a check on the internal condition, par- 
ticularly if the battery has been repaired or has stood 
for some time since being charged. (It is assumed 
that the battery has the strength of solution properly 
adjusted.) The battery should not show more than 
0.10 volt difference between any two cells, and no 
cell should read less than 1.7 volts at a discharge of 
from 150 to 225 amperes. 

If every cell reads below 1.7, it is probable that 
the battery is not completely charged. 


1The reading in parentheses applies to batteries used in 
tropical climates. 
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If one cell is more than 0.10 volt lower than the 
rest, that cell still needs attention. 


Trouble Causes as Determined by a High- 
Amperage Discharge Test 


1. When each cell shows 1.7 volts or more, and the 
hydrometer test shows 1.200 or more (at 60° or 
70° temperature) then the cell is in proper condi- 
tion. 


bo 


. When any cell shows less than 1.7 and the hy- 
drometer test is below 1.200, the cell is either 
discharged or defective. Charge the battery 
carefully and test again. If the voltage still 
drops on any cell and the gravity of that cell 
came up on charge to 1.275 or 1.300, either the 
trouble is due to separators whose pores are 
clogged up, or which have never been properly 
treated to make them porous, or it is due to the 
plates themselves being too hard. 


When the plates are too hard, they may be softened by char- 
ging and discharging the cell five or six times. If this does not 
improve the capacity so that the cell stands up under test, the 
cell should be opened and the separators changed. 


If, however, the gravity of the cell did not come up on charge 
to 1.275 or 1.300, and the cell does not stand up to 1.7 volts 
on testing after charging, the cell should be opened at once, as 
it is defective internally. 


3. When one or more cells show a voltage of less 
than 1.7 volts and the hydrometer shows a 
gravity reading of more than 1.200, it is due 
to troubles in the battery or the specific gravity 
of the electrolyte is too high (too much acid). 
Recharge the battery and test again, and lower 
the electrolyte density by using a separate jar 
for it, if necessary. 


4, When the voltage varies more than a fraction of a 
volt in each cell, during a test of a fully charged 
battery, then the trouble is probably in the 
interior of the battery. Be sure that all connec- 
tions are burned well, as the trouble may be in 
the connector instead of in the battery. 


. When testing a fully charged battery at this high 
discharge for about 10 or 12 seconds, if any of 
the cell connections heat, it indicates poorly 
burned connectors. 


6. When testing with a voltmeter, a battery which is 
supposed to be fully charged, if any cell should 
cause the voltmeter to read in the reverse direc- 
tion, it may be due to a fully discharged cell or to 
internal trouble, such as separators or sediment. 
Recharge and test again. 


7, When a cell bubbles too freely and froths when 
being discharged, it is due to internal troubles. 
Recharge and test again. If it still froths, open 
the cell and look for defective plates, or for a 
short circuit internally, or for badly sulphated 
plates. 


A low-amperage discharge test means that the 
capacity of the battery is tested at a low rate of dis- 
charge, usually 8 or 10 amperes, until discharged 
from a fully charged condition. The purpose is to 
determine the capacity of a battery at low rates, as, 
for instance, for lighting service. 


On 


The high-amperage discharge test is usually suffi- 
cient and can be given for as long a period as 15 
minutes. If a battery is up to capacity at this 15- 
minute rate, it will practically be sure to give its 
capacity at a lower rate of discharge. 


However, the high-amperage discharge test of a 
battery does not always mean testing for capacity. 
It may mean simply finding out how the voltage of 
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the battery stands up at a high-amperage discharge, 
and this discharge is not carried on until the battery 
is fully discharged. A battery might have hard 
plates and give a fairly satisfactory high-discharge 
test for a minute or two and then fall down, whereas, 
if it were up to capacity, it would hold this dis- 
charge for 5, 10, 15, or 20 minutes according to what 
the discharge rate was. 


The voltage at which a battery is considered dis- 
charged during a discharge test is higher for the 
low-amperage discharge test than for the high- 
amperage discharge test, being 1.7 for the low- 
amperage discharge, and as low as 1 volt on a heavy 
high-amperage discharge test. 


How to Make a High-Amperage Discharge 
Tester! 


A very convenient outfit for making high-amper- 
age discharge battery tests on the individual cells 
without using the resistor referred to in Fig. 5, page 
547, is illustrated in Fig. 19. Two spikes are 
arranged in a handle so that the distance between 
them will be the distance between the positive and 
negative terminals of a cell. 


Fig. 19. Construction of a heavy-discharge tester. 


Cables are attached to the spikes which are con- 
nected to the binding posts of the voltmeter. Be- 
tween the spikes is connected about 1 foot of 1%’ 
nichrome wire (W) (Fig. 19) to form the load resistor. 


When the spikes are firmly pressed into the cell 
terminals, the voltmeter will indicate the cell voltage 
under current flow. 

For the convenience of those who desire to purchase such an 
outfit, instead of making it, A. L. Dyke, Electrical Department, 
St. Louis, Mo., can supply the Weston model 453 Heavy Dis- 


charge Battery Tester, either with or without a voltmeter, 
mounted on the prod. 


Instructions for Using the Weston Model 453 
High-Amperage-Discharge Battery Tester 


To ascertain the actual condition of a storage bat- 
tery of the automotive type it is desirable to test 
the voltage of each cell of the battery while a rela- 
tively heavy discharge current is flowing. A com- 
parison is then made of one cell with another, 


To use the tester, press the points of the prod 
into the cell terminals with sufficient force so that 
the reading of the voltmeter does not increase if 
further pressure is applied. Test each cell, one at 
a time, and note the reading obtained on each one. 
For a battery which is not defective, the readings 
should be very nearly the same on all of the cells, 


‘From instructions furnished with the Weston model 45 
battery testing voltmeter described on page 546. 
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Fig. 20 Fig. 21 


Fig. 20. Weston heavy-discharge battery tester with volt- 
meter separate. 


Fig. 21. Weston heavy-discharge battery tester with model 
301 voltmeter. 


When the reading on a cell differs by 0.1 volt or 
more from the reading on another cell of the battery, 
the one giving the lower reading should be carefully 
examined for defects. 


If no reading is indicated, then that cell is in 
bad condition. 


If readings are alike at first, and then drop 
appreciably, the indication is that the cell is short- 
circuited. If the tests on standard size automotive 
battery such as is used on starting, lighting and 
ignition systems show cell voltages of less than about 
1.4 volts, the battery requires charging. 


The resistance of the conducting strip between 
the legs of the prod is very closely equal to 0.01 ohm. 
It is designed to carry 200 amperes at a potential of 
2 volts. The actual current taken from the cells 
when making these tests will vary with the capacity 
and condition of the battery. Its approximate 
value can be obtained by multiplying the voltmeter 
reading by 100. For example, if the voltmeter 
reading is 1.8 the approximate current passing 
through the conducting strip will be 180 amperes. 


The passing of current through the conducting 
strip will cause the strip to heat, but this in no way 
affects the operation or reliability of the outfit. Tt 
is well, however, to keep the tester across the cell 
only long enough to procure the desired reading, as 
prolonged discharging of the battery at the high 
rate of current flow may harm an otherwise good 
battery.t 


The F. B. Battery Tester? 


The instructions with this tester read as follows: 
Press the two tester-points firmly on the two 
terminals of one cell, as shown in the illustration, 
being sure to make a good contact. Test each cell 
separately in this manner. (See Fig. 22.) 


The tester will light either red or green. If red, 
it indicates that the condition of the battery is too 
low to operate properly in service, and it must be 
taken out and filled with distilled water and charged. 
If the light shows green, it indicates that the battery 
1S In a well-charged condition and needs no further 
attention other than probably to be well filled with 
distilled water. 


When the tester-points are touched to the bat- 
tery terminals, the battery discharges at a 500- 
ampere rate through the heavy resistance of the 


1 Price without meter, $8.50; price with voltmeter, $18.00. 
Can be obtained of A. L. Dyke, Electrical Department, Granite 
Building, St. Louis, Mo. 


C 2 ee aed by oe B prone & Mite. Co., Detroit; Mich. 
an also be secured o . L. Dyke, Electrical D ; 
Granite Building, St. Louis, Mo., price $15.00. Sake 
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tester, and the voltage across the points falls to a 
certain value, depending upon the condition of 
the battery. 


BATTERY 


Fig. 22. F.B. Battery tester. 


If the battery is in good condition, the voltage will 
be maintained at a point high enough to force suffi- 
cient current through the electromagnetic mechan- 
ism of the tester to cause it to operate and light 
the green lamp. 


If the battery is in poor condition, the voltage falls 
to such a point that it will fail to operate the indicat- 
ing mechanism, in which case the red lamp will light. 


Home-Made Carbon High-Amperage- 
Discharge Tester 


A home-made discharge tester is shown in the 
illustration (Fig. 23), consisting of an asbestos-lined 
box 4” wide by 6” long. It is sufficiently deep to 
take a lot of old electric light carbons to a depth of 
about 12’. 
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Fig. 23. A home-made carbon heavy-discharge tester. 


An iron plate with one connection is placed at the 
bottom for the carbons to rest on. Another iron 
plate is placed above, with a screw arrangement for 
tightening or loosening the pressure of the top iron 
plate on the carbons. 
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Note. The resistance can be increased by placing brass 
plates about }4” thick between the iron plates and the carbon 
sticks. 

The exact number of carbons to use can be 
determined by experiment. 


When connection is first made, start with no 
pressure, then gradually increase until the desired 
amperage discharge is obtained. 


With a light pressure, the resistance is greater, 
hence a lesser discharge. 


As the pressure is increased, the resistance is less, 
because better contact is made; therefore, the dis- 
charge rate will be greater. 


This outfit will give from 5 to 500 amperes. It is 
not advisable to pass more than 300 amperes, at the 
most, through it, as it will get very hot. 


Ammeter: A suitable shunt (of not less than 300 
amperes) should be used with the ammeter (model 
280 Weston shown). 


Voltmeter: Can be a separate meter, as the model 
301, or the voltmeter connection on the model 280 
can be used. The voltmeter is placed across the 
circuit, and the ammeter with shunt in series with 
the circuit. 


Test-points can be made as explained on page 
464. 


Heavy cable, about No. 2, should be used. 


Home-Made Resistance High-Amperage 
Discharge Tester 


A method of using iron wire resistance instead of 
carbons is shown in Fig. 24. The size of the iron 
wire and the length of the coils are given in the illus- 
tration, as: 4 coils of 33 ft., No. 16 iron wire; 3 
coils, 7114 ft., No. 8; 6 coils, 5714 ft. No. 8. 


cas =, 6 CONUS 5 
57%' NO.B 


4cons % Su 
NO.16 [RON WIRE , O08 


gem, TEST POINTS. 


Fig. 24 


The model 280 Weston combination volt- 
ammeter is shown connected in the circuit with a 
300-ampere shunt. 


The test-points are connected with the battery in 
a manner similar to that by which the test-points of 
the carbon principle are connected. 


The rate of discharge can be made 5 amperes by 
closing the first switch to the left; the next switch 
will add 5 amperes more, making 10 amperes, and so 
on, until all switches are closed, at which time a 
200-ampere discharge will be given. 


The coils will get very hot, and should be pro- 
tected with asbestos, 
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A DIGEST OF STORAGE-BATTERY TROUBLES; EXTERNAL AND 
INTERNAL: Pointers; Care of a Storage Battery 
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A DIGEST OF BATTERY TROUBLES (EXTERNAL) 


Battery troubles can be classified under three 
headings: 


1. Failure of generator to charge battery. 
2. Battery will not hold charge. 
3. Battery voltage drops immediately after charg- 
ing. 
1. Indications of a generator not charging the 
battery can be observed on the ammeter, as ex- 
plained on page 471. 


The-cause may be attributed to generator 
troubles, to defective cut-out (points not closing), to 
open circuits in the liné, or to ground or terminal 
connections of the battery. Often poor connections 
at battery terminals and grounded wire will result 
in dim lights and weak current supply. Always 
clean battery terminals with a file when connecting 
the battery. Sulphated or corroded battery ter- 
minals are also a common cause of a battery not 
getting a full charge. 


For tests, see pages 482-489, 


2. Indications of the battery not holding its 
charge are: slow cranking of starting motor; dim 
lights when the battery supplies current; missing 
of ignition. 

Cause (a): The car is not run enough in the day- 
time without lights, or at high enough speed for the 
generator to charge the battery and replace the 
current that is taken from it when the lamps are 
burning with the engine idle or running at very low 
speed. Or the car may be run mostly at low speeds. 


There is more trouble from discharged batteries 
in winter than in summer, owing to the fact that 
engines are usually more difficult to start and the 
battery is used more. Consequently the generator 
does not have an opportunity to put back the current 
taken out—especially if the car is run more at night 
with the lights on. 


The engine crank is more difficult to turn over on 
cold days after standing a long while, since the oil is 
heavy and congealed, and unvaporized gasoline is 
present. 


Keeping battery charged: Keep the engine tuned 
up so that it starts on the second or third turn, This 
minimizes the amount of current used in starting, 
and, remember, this is very large. Be economical 
with lights. Use headlights only when absolutely 
necessary. Determine the car speed at which the 
cut-out relay makes connection with the battery, 
and oer the car as much as possible above this 
speed. 


If you drive much in a congested city district and 
stop your engine many times, you will fal that your 
battery can be kept more nearly charged by chang- 
ing gears in traffic whenever necessary, instead of 
trying to do it all on high gear. The reason for this 
is that by changing gears you boost your engine 
speed so that the battery is charged, while if you 
try to pull slowly on high you get down to a speed 
at which charging stops, because of the opening of 
the cut-out, 


Remedy: Have battery recharged from an out- 
side source. Use the starting crank as often as 
possible. Use the starting motor as little as pos- 
sible. Use dimmer lights instead of headlights, thus 
Saving on the current consumption. Provide a 
good “choker” or primer, which will start the engine 
quickly. 


Cause (b): The output of the generator may not 
be properly adjusted, as for instance, the third 
brush. Or the third brush, or the main brushes may 
not be seated properly. 


Cause (c): A ground in the car wiring: With the 
engine idle and all switches “off,”’ disconnect the 
battery wire and touch it lightly on the battery 
terminal a few times, as shown in Fig. 5, page 453. 
If there is a spark produced there is a ground in 
the wiring between the battery, the cut-out, and the 
generator. 


Remedy: See Index under “Testing for grounds.” 
This may be done as follows: At night, or in a dark 
garage, turn on all the lamp switches, but remove 
the bulbs from the sockets and disconnect the bat- 
tery ground wire at the ground plate. Then strike 
the bare end or terminal of the ground wire against 
the ground plate; if sparks are noticed, there is a 
ground in the wiring, which should be looked for 
and removed. 


Cause (d): Cut-out is not operating properly. 
Examine the cut-out and see that it is properly con- 
necting and disconnecting the generator circuit (see 
page 351). The cut-out switch should be in the’ 
open position when the engine is not running, or 
should stay in the closed position when the engine 
1s running above “cut-in speed.” If the switch does 
not close, the windings may be defective, or there 
may be oil on the brushes or the commutator of the 
generator, or one of the brushes may be worn too 
short, or may not be seating properly. 


Cause (e): A constantly discharged battery can 
also be caused by an overload on the starting or 
lighting system. © . 


Quite often extra large lamps, or additional elec- 
trical devices, or a short circuit in the electric horn, 
will cause undue waste of current. Replace by 
lamps with a lower candle power and use the least 
number possible. Spotlights are handy, but con- 
sume current. Use the headlights. 


Cause (f): A constantly discharged battery, if 
not caused by lack of sufficient charging current, 
or open or grounded circuits, is then to be attributed 
to internal troubles of the battery, such as weak 
electrolyte, water below the level of the plates, 
internal short circuits, defective separators, buckled 
plates, or connectors not properly welded to the 


battery plate posts. The battery jar may also be 
leaking, 


the lights becoming unusually dim. ; 
even with a good battery, will drop probably to 1.8 
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volts when about 200 amperes are drawn from it for 
the starting motor, but if it drops to much less than 
this, when it is known to have just been fully 
charged, then the car trouble is probably internal. 


Causes: Internal short circuit of one or more cells; 
grounded starting switch; poor or loose connections 
at the battery terminals, ground connection or 
connectors; electrolyte below the level of the plates. 


Tests: The battery should be given a “high-rate 
discharge test.” 


If trouble should develop, as shown by the engine 
not cranking properly, lights burning dimly, or 
“missing” of the engine when the battery is used 
for ignition, look for the cause as indicated below. 


1. Make sure that all connections are tight and that 
all contacts are clean. 


2. Take a hydrometer reading of each cell. If the 
battery is found to be exhausted (gravity 1.150 
or thereabouts), give a special charge from an 
outside source. See that the electrolyte is above 
the level of the plates. 


8. If, after having been fully charged, the battery 
is soon exhausted again, there is trouble some- 
where else in the system, or the battery is defec- 
tive internally. In this ease a “high-rate dis- 
euase test”? and a ‘cadmium test”? should be 
made. 


4, The wiring may have become grounded to the 
frame of the car, and cause a leakage of current 
which in time may completely discharge the bat- 
tery. 


5. If a broken jar or short-circuited cell is indicated 
(gravity considerably lower than in other cells), 
have.the battery repaired. 


When lamps burn dimly, turn on all the lamps 
and read the voltage with a low-reading portable 
voltmeter of each cell or of the battery (see pages 
545, 546, 483, 470). 

If the voltage per cell is 2 volts or thereabout, 
the trouble is in the connections. 


If cell voltage is low (1.8 volts or lower), the 
trouble is in the battery. 


When the lamps burn brightly, but the engine will 
not crank, notice when attempting to start the 
engine whether the lamps become very dim or go 
out; if they do, the trouble is in the battery. 


If they continue to burn brightly, the trouble is 
in the motor or motor circuit. 


Causes of a Battery Becoming Discharged 
through Lack of Care and Attention 


1. Frequent starts with but short runs. 


2. Insufficient input to the battery on account of 
short runs at low speed. 
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3. Use of headlights while standing at the curb. 
4, Ignition switch left on the battery overnight. 


5. Unnecessarily high candle-power lamps, includ- 
ing spotlight. 


(or) 


. Lamps left burning overnight. 


7. Moving car in garage or elsewhere on the power 
from the battery. 


8. Prolonged attempt to start in cold weather with- 
out priming and without warm water in the 
radiator. 


9. Prolonged attempt to start without investigating 
engine troubles, such as: 
Poorly adjusted carburetor. 
Dirty or cracked spark plugs. 
Gummed and sticky valves. 
Carbon. 


10. Starting and lighting system: 


Worn generator brushes. 

Sticking of points in automatic cut-out. 
Loose belt (leather). 

Loose connections. 


11. Loose connections, generator, motor or battery 
terminals, fuse box, ground wire, switch or 
spark plugs. 


12. Grounds, due to loss of wire insulation through 
chafing. 


13. Corroded battery terminals. 


14. Infrequent testing and water filling of battery. 


Battery Box Acid-Soaked 


Grounds quite frequently result from old battery 
boxes which have become thoroughly soaked with 
acid, as a result of the covers not being sealed prop- 
erly, split covers, overfilling with water, or boiling 
when being charged at too high a rate. This acid 
forms an electrical path between the terminals of the 
battery, through the damp box to the metal frame 
on which it rests. 


A test can be made by disconnecting the terminals 
of the battery and connecting a voltmeter between 
one terminal and the metal frame. If there is any 
indication at all, examine the battery box and see 
if it is damp or soaked. 


See also, page 484 for testing with a 110-volt test- 
light. 


The remedy would be to place dry wood between 


the box and metal frame; clean the battery thor- 
oughly and paint it with acid-proof paint. 


DIGEST OF STORAGE-BATTERY TROUBLES (INTERNAL) 


Sulphation 


Indication: Gravity cannot bebroughtup by charging. 


Causes: Overdischarge; standing in discharged 
condition; raw acid added to replace evapora- 
tion; electrolyte level low; short circuits and 
grounds; local action. 

Remedy: Give a long 24-hour charge at a low rate. 
If this fails, replace the elements; balance the elec- 
trolyte in each cell, and charge for a long period. 


Local Action 


Indication: Gravity will drop rapidly after a charge, 
owing to internal causes. 


Causes: Impurities in electrolyte; active material 
loose in grids. 


Remedy: Disassemble and wash the plates, and put 
in new separators and electrolyte. Put in new 
plates if the active material is loose. 
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Lack of Capacity 
Indication: Battery will not hold charge. 


Causes: Excessive use of lights or starter; external 
short circuit; local action; internal short cir- 
cuit; cracked jar; sulphation; clogged separa- 
tors; rotted separators; sediment. 


Remedy: Use lights and starter less. Dismantle, 
and clean out the sediment, and put in new plates 
and separators if necessary, and if the battery 
does not come up and hold the charge on as long, 
charge at a slow rate. 


Internal Short Circuit 


Indication: The gravity of an internally short-cir- 
cuited cell will always be low, as it is discharged 
internally, owing to internal causes. 


Causes: Rotted separators; sediment; buckled 
plates. 
Remedy: Disassemble and clean; replace the 


separators and plates if necessary. Plates may 
be pressed back when buckled, in some cases. 


Constant Low Gravity 


Indication: When gravity is 1.210, the battery is 
about half discharged. 


Causes: Using starter too much; sulphation; short 
circuits and grounds; stopped electrolyte— 
replace with water; cracked jar. 


Remedy: If below 1.200, remove and charge from 
outside source. See ‘“Sulphation’”’; see “Internal 
short circuit”; see “External short circuit.” 


High Gravity 


Causes: Evaporation replaced with electrolyte or 
acid; wrong gravity of electrolyte used. 


Remedy: Balance the electrolyte in each cell. 


Low-Voltage Reading When on Discharge 


Causes: Battery discharged. Do not permit the 
voltage to fall below 1.8 on discharge; internal 
fesiatance high; low-gravity electrolyte; dead 
cell. 


Remedy: Recharge. 


ape See “Sulphation”; see ‘Low 
gravity. 


Buckling of Plates 
Causes: Sulphation; overheating. 
Remedy: See ‘“Sulphation.”’ 


Terminals Corroded 
Cause: Slopping. 
Remedy: Use ammonia wash, or soda. 


Separators in Wrong 


Cause: Flat side of separators in contact with posi- 
tive plate or inserted with grooves horizontal. 


Remedy: Insert properly. 


If the plates are 
damaged, replace them. ; 


Separators Rotted 
Causes: Overheating: gravity too high; buckling. 


Remedy: See “Overheating”; see “High gravity’: 
see “Buckling.” : sae one 
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Separators Clogged 
Cause: Impurities in pores of separators. 
Remedy: New separators. Wash battery out. 


External Short Circuits 


Causes: Circuit grounded or shorted; battery 
terminals shorted; battery box acid-soaked. 


Remedy: Trace circuit. 


Lights Dim, Weak Starter 


Causes: Discharged battery; loose connections; 
dead cell or cells. 


Remedy: Test and charge battery. Tighten con- 
nections after cleaning. Test with hydrometer 
and cadmium voltmeter. 

Electrolyte Level Low 

Causes: Evaporation; slopping; broken jar. 

Remedy: Replace evaporation with distilled water. 
See that the battery is properly sealed. Re- 
place the jar. 

Negative Plates Harden 


Never allow negative plates to dry unless all acid 
has first been removed. 


Cause:. Plates exposed to air. 
Remedy: New plates required if repeated charge or 
discharge fails. 
Active Material on Plates Soft 
Cause: Overcharge. 
Remedy: Press back, but better put in new plates. 


Battery Frozen 


Causes: Battery discharged; water added without 
charging. 


Remedy: New plates. 


Broken Jar 


eos Vibration; battery dropped or set down 
ard. 


Remedy: New jar. 
Active Material Shedding 


Causes: Overdischarge; overcharge; 
short circuits and grounds; 


Remedy: See these headings. 


buckling; 
overheating. 


Overdischarge 


Indications: Gravity less than 1.150 and voltage 
less than 1.8 on discharge. 


Causes: Faults in electric system; improper opera- 
tion of system. 


Remedy: Use caution in using starter, lights, ete. 
See if the generator is properly charging the 
battery. 


Overcharge 


Buckled plates; shedding of active 
overheating. Gravity will be about 


Indications: 
material; 
Ione), 


Causes: Car used mostly during the day and on long 
runs, generator regulator out of adjustment or 
third brush adjusted for too high a charge. 


DIGEST OF STORAGE-BATTERY TROUBLES 


Remedy: Burn lights part of the time. Test out- 


put. 
Internal Resistance High 
This will result in overheating and loss of capacity. 


Causes: Sulphation; clogged or reversed separators; 
low gravity. 


Remedy: See these headings. 


559 


Overheating 


Causes: Charging rate too high; discharge rate too 
high; high internal resistance; short circuits and 
grounds; dead cell; excessive temperature of 
atmosphere, and high charging rate. 


Remedy: See “Sulphation”; “Separators”; see 
other headings in this Digest. Use the battery 
sparingly on warm days and also on extremely 
cold days. 


LOCATING BATTERY TROUBLES WITH A HYDROMETER 


Low gravity in all cells: If the starter oceasionally 
fails to spin the engine, and if the battery lacks 
energy, it may be that on testing with a hydrometer 
and finding the “gravity” low, say below 1.225, all 
that the battery requires is an extra charge. The 
battery may have been previously discharged to so 
low a state that the normal generator output has not 
been sufficient to restore it. 


If failure, due to low gravity, recurs after this 
extra charge, then the generator is failing to put 
enough current into the battery. Or it may be 
that a short circuit in the wiring is causing the 
battery energy to be wasted. It may be that the 
battery box is acid-soaked. 


Low gravity in one cell: If it is found that the 
gravity is low in any cell, say 50 points lower than 
in the others, then make hydrometer tests of the 
cells oftener to determine whether the difference in 
gravities of the cells is increasing. 


If the trouble increases, the cause undoubtedly is 
that a short circuit is just beginning. Some one 
of the following conditions may be the cause: 
separators wearing through, or sediment accumulat- 
ing in the bottom of the jar until it touches the 
plates, or a piece of metal has fallen into the cell 
and has bridged across the plates. Water contain- 
ing certain minerals may have been put into the 
cell, preventing the cell from holding its charge. 


The remedy is to remove the element and remedy 
the cause. New separators should in almost every 
instance be installed in all cells. 


It is advisable to make a “high-rate discharg test” 
ora “cadmium test” before disassembling a battery. 


A broken jar is sometimes the cause of constant 
low “gravity” in a cell. A broken jar can be 
detected from the fact that you will have to add 
water more frequently to its cell than to the others, 
to keep the plates covered. The leak may be 
between the jar walls and the sealing compound. 
The addition of water to replace the electrolyte lost 
from such a cell will naturally reduce that cell’s 
“oravity.” 


Sulphation and low gravity: Suppose the gravity 
of a cell is persistently low and water is added often. 
As a result, the tops of that cell’s plates may have 
been left exposed to the air for a period of time, and 
so the plate tops may have become sulphated, and 
the disease has proceeded downward so as to affect 
the plates throughout. If this evil had progressed 
far enough, the cell would not respond to charging, 
and the “gravity”? would not rise. The cell would 
become unduly hot during charge, and would hasten 
the evaporation of water. 


1.150 or lower: With “‘gravity”’ as low as this, the 
battery cannot be depended upon, even to operate 
the lights. 


Gravity too low to read: Hydrometer readings 
usually run aslowas1.150. Batteries may be found 
with gravities too low to be measured with the ordi- 
nary hydrometer, so that you cannot fully diagnose 
the battery with this instrument alone. These are 
extreme cases, however. Possibly all they require 
is a thorough charge, but the special conditions of 
the necessary charge must be observed. Should 
there be sulphation—and there is likely to be if 
the battery has stood long in a state of low “‘gravity” 
—the rate of charge secured in the automobile would 
undoubtedly overheat and buckle the plates, and 
so injure both plates and separators. 


Constantly high “gravity”: While 1.285 is usually 
indicated as the proper top mark for full charge, a 
reading of 1.300 of itself need cause no alarm. 


However, if a few hydrometer tests show that 
the battery is being charged regularly, but that for 
considerable periods after charging the “gravity” 
reaches 1.285, it is then necessary to reduce the 
charging rate, for the battery is getting more than 
enough, and this is daily shortening its normal life. 


Excessive gravity: Gravity above 1.300 is cer- 
tainly abnormal and indicates that the battery has 
been “doped” by the addition of excessive acid. 
Prompt reduction of the acid proportion is needed 
to save the battery’s life. 


STORAGE-BATTERY POINTERS 


1. Learn to prepare the electrolyte. Use a large 
earthen crock or lead vessel with burnt seams. 
One part of chemically pure concentrated sul- 
phuric acid is mixed with several parts of water, 
proportion of water varying with type of cell. 


2. Prepared electrolyte may be bought if desired. 
3. Always pour acid into water, never reverse. 
4. Use pure water, either distilled or rain water.t 


1 Distilled water: Artificial ice is not always made of distilled 
water. Rain water can be used if it does not come from 
a metal roof or where mineral substances will get into it. 
Distilled water can usually be obtained at drug stores or 
battery supply houses. Filtered water will not do. See 


also page 584. 


5. Allow the electrolyte to cool before placing in 
the cells. The specific gravity should be 1.200 
or 25° Baume. Add distilled water if a higher 
reading is obtained. 


6. Grids should always be at least 14” below the 
surface of the solution. 


7, Clothing is greatly affected by acid. 


8, Ammonia immediately applied to a splash of 
acid on the clothes, neutralizes the acid and pre- 
vents a hole being burned in the material. 


9. Incase a drop of acid splashes into the eye, wash 
well with warm water and put into the eye a 
drop of olive oil. 
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10. 


Mk 


12. 


13. 


14. 


15. 


16. 


ie 


18. 


1g), 
20. 


21. 


22. 


23. 


Avoid the use of an open flame in a room where 
a storage battery is being charged, or in which 
it has been left for some time, as an explosive 
mixture of air and hydrogen may be formed. 


Storage batteries are rated in ampere-hours, 
this being based on the steady current the bat- 
tery will discharge. A battery that will dis- 
charge at 5 amperes for 8 hours without the volt- 
age falling below 1.75 is rated as a 40-ampere- 
hour battery. This does not mean that 40 
amperes would be the output of the battery if 
discharged in one hour. The ampere-hour 
capacity decreases with the increase in current 
output. 


The current in charging should be kept within 
the maker’s specified limit. One authority 
advises for rapid charging, covering a period of 
three hours, 50 per cent, 33 per cent and 16 2/3 
per cent of the total current for each consecutive 
hour. 


The e.m.f. of the charging current at starting 
the charge should be about 5 per cent higher 
than the normal e.m.f. of the battery. After a 
few minutes, this voltage may be 10 or 15 per 
cent higher than the normal battery emf. 
However, the battery is kept in the best condi- 
tion by using a constant charging current, and, 
if necessary to maintain this, the voltage may be 
raised to 25 per cent higher than the normal bat- 
tery voltage. 


Be sure that the positive pole of the charging 
mains is connected to the positive side of the 
battery. 


To determine the polarity, hold the two wires in 
a glass of acidulated water or electrolyte, keep- 
ing them at least 14” apart. Gas will collect 
most at the negative lead. 


A cell is fully charged: (a) if, with a constant 
current, the voltage and specific gravity do not 
change in one hour; (b) when the plates de- 
cidedly increase the quantity of gas given off; 
(c) when the specific gravity measures 1.275, 
and the voltage from 2.5 to 2.7; (d) when the 
negative plate assumes a light-gray color and 
the positive plate turns a dark brown. 


Never adopt the method of putting a wire across 
the positive and negative terminals, to see if 
there is any “spark.” It is almost a dead short 
circuit, and if the cell be of a small capacity of, 
Say, 30-ampere-hour, and the wire No. 16 
copper, the current may be anything from 30 to 
100 amperes for a fraction of time, which, when 
calculated, is a very appreciable amount of the 
total capacity, if only for a second of time. It 
is also very detrimental to the cell, assisting the 
disintegration of the plates or active material 
thereon. 


Lead cells for starting and lighting purposes 
should not be discharged below 1.8 volts. 


Excessive boiling will loosen the active material. 


If the cells are hot while charging, reduce the 
charging current. 


If a battery is not in use, give it a short charge 
once a month. 


If white sulphate is formed on the grids, it may 
be reduced by charging at a high rate for a few 
hours and overcharging at a low rate for two or 
three days. 


Continued sulphating will buckle the plates, as 
will also too rapid discharging. 


24. 


25. 


26. 


27. 
28. 


29. 
30. 


31. 


32. 


33. 


34, 


35. 


36. 


37. 


38. 


Always disconnect the 


DYKE’S INSTRUCTION No. 49 


A cell that has been short-circuited should be 
disconnected from the battery and charged and 
discharged several times separately. 


Manufacturers furnish directions for keeping 
batteries when not in use. One way to do this 
is to charge the battery fully, then siphon the 
electrolyte out of the jars, to be kept until used 
again. The-plates must then be removed and 
stored. See “Storing batteries.” 


Never allow the cells to stand in a discharged 
condition, as it becomes very difficult to get 
them properly charged if they are left standing 
any length of time, unless great care is taken 
during the succeeding charge. 


If the terminals begin to corrode, use vaseline. 


Voltage readings should be taken only when 
charging or discharging. 


Do not let the battery get too warm; its tem- 
perature should never exceed 100° F. 


Use only distilled water to replace losses from 
evaporation. Add acid only in special cases. 


Each time you charge, bring the gravity up to 
maximum, or charge until it has remained 
constant, for at least one hour in every cell. 


When charging the battery, put in at least 20 
per cent more current (ampere-hours) than is 
taken out, and at every third charge give it a 
50 per cent over-charge, at the finish rate for the 
general good of the battery. 


Voltage readings are only approximate. (Grav- 


ity readings give correct indications. 


Keep the box containing the battery perfectly 
dry. If any acid is spilled into the box, wipe it 
off carefully with a piece of waste dipped in 
ammonia water. 


When charging at the finish rate, or 24-hour 
rate, leave the battery on until bubbles begin to 
rise In the electrolyte, and then for at least one 
hour longer. 


Never add acid or electrolyte to the cells except 
to replace loss from spilling. 


In cases where the specific gravity will not show 
any rise during or at the end of its charge, it 
indicates a short circuit, and the cell has not 
received its charge. 


In cases where the specific gravity comes up to 
1.250 at the end of its charge, but falls to a 
lower figure during a period of idleness of stand- 
ing for say twenty-four to forty-eight hours, 
this also indicates a short circuit, or else local 
action (or internal discharge), due to contamina- 
tion of the electrolyte. 


Don’ts and Do’s—Read Carefully 


wire from the generator 


terminal before disconnecting the battery, and 


reconnect the battery 
terminal. 


before reconnecting the 
Otherwise the lamps may all be burned 


out if the engine should be started. 


Don’t use a piece of wire instead of a fuse. 


Don’t short-circuit your battery with a pair of pliers 


or a screwdriver, to see if it is charged. 


Don’t advance the spark, but retard when you start 


with a starting motor, with the throttle partially 
open. 


DIGEST OF STORAGE-BATTERY TROUBLES 


Don’t use emery paper on your commutator; use 
fine sandpaper. 


Don’t forget to see that your ignition switch, spark 
lever, and gas lever are all in their proper posi- 
tions, before depressing foot switch to start engine. 


Don’t fail to push down the button of the foot 
switch to its limit. 


Don’t continue to crank your engine, if ignition does 
not take place after a few revolutions. There 
is something wrong with your ignition system, 
or the carburetor. Look for the trouble. Just 
turning over the engine will not help matters, 
but it will exhaust your battery, if continued for 
any length of time. 


Don’t allow connections on generator, battery, or 
motor to become loose. 


Don’t blame the generator for every trouble you 
may have. As a matter of fact, 90 per cent of 
all troubles originate in switches or wiring con- 
nections, or at the lamps, which are necessarily 
small and more or less liable to imperfect 
contact or short circuit. 


Don’t forget that it requires twenty times as long to 
restore current to the battery as it takes to start 
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the car. In winter, it is sometimes advisable to 
use the starting crank to save the battery current. 


Don’t put oil or grease on the commutator of the 
generator or motor. 


Don’t tighten up on the silent chain drive unless the 
slack becomes excessive from stretching. The 
chain must be run with a reasonable amount of 
slack to prevent noise and wear. 


Don’t fail to lubricate the silent chain drive at fre- 
quent intervals. Noise will be eliminated and 
wear reduced. Keep the chain and sprockets 
clean, and free from dirt. 


Don’t run your car, if for any reason the battery is 
disconnected from the circuit, unless you have 
disconnected the chain driving the generator, or 
the generator itself has been removed, or the 
field-circuit is opened. See also page 366. 


Dont’ forget to examine your battery at intervals 
of about two weeks, and make certain that the 
Es covers the top of the plates in each 
cell. 


Don’t allow your battery to become loose in its box 
or container. Strap or wedge it tightly in posi- 
tion, and make certain that the terminals cannot 
come into contact with anything which may 
cause a short circuit. 


CARE OF A BATTERY IN SERVICE 


The care of a battery in service, or where there is 
a generator on the car to recharge it, is summed up 
in the four following rules, which, if observed with 
reasonable care, will result in the best service being 
obtained: 


1. Add nothing but pure water to the cells, and do 
it often enough to keep the plates covered. 


2. Take frequent hydrometer readings. 
3. Give the battery a special charge whenever the 
hydrometer readings show it to be necessary. 


4. Keep the filling plugs and connections tight, and 
the battery clean. 


Adding Water 


Water must be added often enough to keep the 
plates covered. If the plates are exposed for any 
length of time, they may be seriously damaged. 


The length of time a battery can go without the 
addition of water will depend upon the season of the 
year, water being required more frequently in sum- 
mer than in winter. 
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Fig. 1. Section of cell, showing correct level of electrolyte. 


The best plan is to make it an invariable rule to 
remove the filling plugs once each week and to add 
water if the level of the electrolyte is below the 
bottom of the filling tube. 


Never bring an open flame, such as a match or 
candle, near the battery. 


Always add the water regularly, though the bat- 
tery may seem to work all right without it. 


In freezing weather, when necessary to add water, 
always do it just before running the engine. 


If temperature is extremely low, start the engine 
so that the battery is charging before adding water. 


The reason for this is that water, being lighter 
than electrolyte, will remain on the surface and will 
freeze in cold weather. If the engine is run, how- 
ever, the gassing, owing to the charging current, 
will thoroughly mix the water with the electrolyte; 
also the motion of the car when running will have a 
similar effect. Thoroughly mixed electrolyte will 
not freeze solid, except at very low temperatures. 
See page 531. 


The reason why the solution (electrolyte) falls 
below the top of the plates is that when the battery 
is being charged it gasses or bubbles. This action 
changes some of the water into gas, which escapes, 
or evaporates. Thus the water evaporates when 
the battery is in service, and the acid does not. 
Therefore it will be necessary to replace the water— 
but don’t add too little, and don’t add too much. 
Many a case of ~vparent leak has been blamed to 
an over-indulgence of water. 


Replace evaporation, but do not add enough water 
to any cell to raise the electrolyte above the indi- 
cated level. 


Electrolyte Level 


Note that for each battery there is a well-defined 
level, up to, or nearly to, which you should endeavor 
to keep the surface of your electrolyte, but above 
which you must never raise the level of the solution 
when you add water to your battery. 


In the U. 8. L. type EDC battery, for example, 
the level is 1 inch above the plate tops. In the type 
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EL the level is 9g of an inch. In many other types 
of U.S. L. batteries the electrolyte level is 44 inch 
above the plates. 


Not only should the electrolyte level be at the 
same hei in all cells, but there should be the 
same amount of acid in the electrolyte in each 
cell, Therefore always restore the electrolyte from 
the syringe, when testing, to the cell from which it 
was taken. 


Before water is added to the cells, take a hydrom- 
eter reading of each cell to see whether all cells 
are equally healthy. No cell can live unto itself— 
if it goes wrong, it affects the others. 


How to add water: Remove the filling plugs by 
turning to the left, and if the level of the electrolyte 


Fig. 2. Adding water to a storage-battery cell. 

is found to be below the bottom of the filling tube, 
add water by means of the hydrometer syringe (Fig. 
2) or a very small pitcher, until the level begins to 
rise in the tube. 


After adding water, be sure to replace the filling 
plugs and tighten by turning to the right. If the 
filling plugs are not tightened, the electrolyte will 
flood out of the battery and cause damage. Also 
wipe off the top of the battery. 


Kind of Water 


The water used must be of reasonable purity, as 
the use of impure water, if persisted in, will injure 
the plates. Distilled water, melted artificial ice, 
or rain water collected in clean receptacles is recom- 
mended. 


Water collected in rain barrels from metal roofs 
would contain a trace of the mineral—therefore 
avoid it. 


Nothing but pure water must be put into the cells. 
If acid of any kind, alcohol, or in fact anything but 
water, is added to the cells, it will result in very 
serious injury to the plates and may ruin them. 


There being no loss of acid, it is never necessary, 
during normal service, to add any acid to a battery. 


If electrolyte has been spilled from the battery by 


accident, the loss may be replaced with electrolyte. . 


See pages 585, 530. 


Finding Level of Electrolyte 


A method recommended by the U. §. L. Battery 
Co., is shown in Fig, 3. 


Unscrew the vent from its well, push‘a glass tube 
(Fig. 3) with both ends open, straight down, as 
shown, through the well and against the tops of the 
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Fig. 3. Testing the level of electrolyte in a cell. 


plates. Then close the top end of the tube with 
your thumb and remove the tube with the top end 
still closed. The height of liquid in the tube equals 
the height of the electrolyte level above the tops of 
the plates. Be sure to restore the electrolyte to 
the cellfrom whichit wastaken. If you persistently 
take electrolyte from one cell and put it into another, 
you will gradually get your cells unbalanced. Be 
sure to test the levels in all cells. 


Miscellaneous 


Take frequent hydrometer readings, for they show 
whether the battery is receiving sufficient charge. 


Care of battery case: If water or electrolyte is 
spilled upon the battery or in the compartment, 
wipe dry with waste. If electrolyte is present in 
any quantity, use waste moistened with weak 
ammonia in order to neutralize the acid in the elec- 
trolyte. Do not allow electrolyte to collect upon 
the woodwork, as it will cause deterioration. 


Once a week, when adding water, inspect all the 
battery connections and make sure that they are 
tight and clean. A loose or dirty connection may 
cause trouble when least expected. 


Care of connections: If signs of corrosion of any 
brass or copper parts should appear, clean the parts 
thoroughly with weak ammonia and apply vaseline. 
Don’t fail to examine the ground connection of the 
battery (see page 428) for the result of an open 
circuit. 

Connections throughout the system must be 
examined periodically and kept tight and clean. 
Sometimes a connection, even if tight, will give 
trouble, due to foreign matter such as paint or var- 
nish on the contact surfaces. This must be removed 
with a file or sandpaper. The connections to the 
generator and the grounding connections to the 
frame of the car must not be neglected. 


Locating Battery Trouble in Service 


1. Take a hydrometer reading in each filling tube 
of each cell (see page 531 on how to use a hydrom- 
eter). If all readings are within 50 points of 
each other and all below 1.200 (1.130)!, give the bat- 
tery a bench charge, following the instructions on 
page 573. Locate the cause of trouble and removeit. 


If the readings are all above 1.200 (1.180), or if 
one cell differs from the others by 50 points or more, 
make the high-rate discharge test. 


If the solution is too strong, it indicates that acid 
or electrolyte has been added to the cell. 


If it is too weak, the cause is sloppage of the bat- 
tery solution and replacement with water, or else a 
broken, cracked, or leaky jar, or internal trouble. 


2. Just before replacing the battery in service, 
make the high-amperage discharge test, to be sure 
the battery is in good condition, 


1 Applies to tropical climates, 
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3. Hydrometer readings less than 1.225 (1.155),! 
but more than 1.150 (1.080)!, indicate a battery less 
than half charged. If the car is equipped with an 
electric starting motor, use lamps and starter spar- 
ingly until readings become more than 1.250 (1.180)!. 


Readings less than 1.150 (1.080)! indicate com- 
plete discharge. In such a case the battery should 
be removed and given a bench charge. 


If readings in one cell differ from the others by 50 
points or more, it indicates loss of electrolyte, 
wrongful addition of electrolyte, or internal trouble 
in the battery. 


If the car is laid up, put the battery into proper 
storage. 


4, Go over all connections. A loose or dirty 
connection is often the cause of trouble. If the 
connections between battery and cable terminals 
are not kept well coated with vaseline, they may 
corrode, causing a poor connection, or else opening 
the circuit altogether. If the connector is causing 
the trouble, remove it and clean the parts thoroughly 
with weak ammonia. Then remove all dirt, apply 
vaseline, tighten the connections perfectly, and give 
the whole connection a heavy coating of vaseline. 


5. There may be a leak or ground in the wiring. 
Test for this by turning on all lamp switches and 
then removing the bulbs from the sockets. Dis- 
connect one of the cables at the battery, and in its 
place tightly hold a file against the battery post, 
making sure there is good electrical contact between 
the file and post. Then rub the cable terminal 
along the file; if sparks are noticed, there is a ground 
in the wiring, which must be looked for and removed. 


6. If the engine will not crank, turn on the lights 
and attempt to start in the usual manner. If lights 
become dim, the battery is in poor condition and 
should be given a bench charge and the cause of 
trouble should be investigated and removed. If 
lights continue to burn brightly, the trouble is else- 
where than in the battery. 


7. If the generator of the starting system is not in 
proper adjustment, the battery will not be kept sup- 
plied with the proper amount of current. If the 


supply is insufficient, the battery will become dis- 
charged; if it is too much, the battery solution will 
become hot (110° F.). The generator should be 
readjusted to deliver more or less current, as the case 
may require. On all cars, the generator is originally 
adjusted to supply an amount of current which 
experience has shown to be the most satisfactory for 
averagerunning conditions. Ifthe carisrun only at 
nights, more current is naturally required because 
the lights use a large part of the current which would 
otherwise go to the battery. If long daylight runs 
are the rule, the opposite is true, because then almost 
all the current goes into the battery. 


1 Applies to tropical climates. 
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When a Battery Needs Recharging 


On systems where a storage battery is kept 
charged by a generator run from the engine, the 
system is supposed to be automatic, but for various 
reasons the generator may not keep the battery 
charged, or the battery itself may be defective and 
so will not hold a charge for any length of time. The 
indications would be a weak starting motor, or dim 
lights. The battery, however, in this case ought 
not to be allowed to become weak. 


There are several causes for a battery becoming 
discharged: in fact, so many that it is advisable to 
ao to the “Digest of Battery Troubles’ (page 
556). 


The usual and common causes are failure of the 
battery to receive sufficient current from the genera- 
tor, or permitting the level of the electrolyte to fall 
below the level of the plates (see “1. Examine bat- 
tery,” page 478). 


When the battery is used in connection with < 
charging generator system, the system is so designed 
and adjusted that the amount of charging current 
received by the battery from the charging generator 
(dynamo) should about compensate for the dis- 
charge current used when starting the engine, or 
when lighting the lamps from the battery. At 
medium or high speeds, the current for lamps does 
not come from the battery, but from the dynamo, 


It sometimes happens, owing to conditions, such 
as excessive use of lamps, especially when the car is 
driven at low speed, or when the car is driven mostly 
at night, with all the lights on, that the current 
is taken up by the lights and the battery receives but 
a small portion of the current from the generator, 
or that when the weather is cold, the starting motor 
is used more than usual. 


In cases of this kind, the output of the generator 
should be increased, if not already up to its capa- 
city, and the least amount of current possible should 
be used. 


It is advisable to see that a primer is used in order 
that the engine may start easily. Be sure that the 
battery is kept charged, even though it be necessary 
to have it charged at an outside source occasionally, 
as a full voltage of the battery is also required for 
good ignition, which is also necessary in starting an 
engine. By this means, too, current is saved. 


To tell when a battery needs recharging, there are 
two methods: (1) Test the battery with a volt- 
meter when it is discharging, as when all lights are 
on. Test each individual cell, and if any is as low 
as 1.8 volts during discharge, the battery needs 
recharging. (2) Test with a hydrometer, as directed 
on page 531. ‘This latter test is the one used most. 


See page 545 under “The first step is to test the 
entire lot of cells.” See also, “Digest of Storage- 
battery Troubles,” page 556, and also page 478. 
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STORAGE-BATTERY CHARGING EQUIPMENT 


Kind of current: For charging a battery only 
direct current can be used. 


Connections: Connect the positive (+) wire of 
the charging circuit with the positive (+) terminal 
of the battery and the negative (—) terminal of the 
- battery with the negative (—) wire of the charging 
circuit. 


Storage batteries are usually connected in series 
when being charged. This subject will be dealt 
with farther on. 


Finding polarity: To determine which is the posi- 
tive and which is the negative terminal of a charging 
circuit, the best plan is to use a voltmeter and place 
it across the line. If the meter needle moves to the 
right, the wire connected to the (+) terminal of 
the voltmeter, which is usually marked, will indicate 
the (+) or positive wire. The same test can be 
made on storage-battery terminals. If the charging 
circuit is 110 volts, the voltmeter should have a 
corresponding capacity. If a voltmeter is not at 
hand, there are several simple methods which can 
be resorted to, as shown in the illustrations below. 


Storage-battery terminals are usually marked 
eo odee Ole Posmaand Nec = Dhe storage 
battery positive (+) terminals can also usually be 
determined by their dark color whereas the nega- 
tive (—) is of a light color. 


BUBBLES 


Fig. 1 Fig. 1A 


Fig. 1. To find the polarity of charging wires, or of any 
direct current source, dip the ends of the wires into a glass of 
water in which a teaspoonful of salt has been dissolved, care 
being taken to keep the wires at least one inch apart. When 
current 1s on, fine gas bubbles will be given off from the negative 
wire, 


Another method is to use a beaker (see (D) (Fig. 1A), in 
which a small amount of electrolyte is added to water. The 
negative pole will have the most gas bubbles around it, 


Fig. 2. A potato can be used ag shown in the illustration. 
The charging wires from a rectifier, if connected 
wrongly (use a regular dash-type ammeter), will 


show 30 amperes. If connected correctly, they 
will show about 6 amperes. 


Charging Methods 


As already stated, only direct current can be 
used to charge storage batteries. There are several 
methods of doing this, which are classified as follows: 


1. From a 110, a 220, or a 500-volt direct current 
power and lighting line. 


2. From an alternating current power and lighting 
line, by the use of a motor-generator. 


3. From an alternating current power and lighting 
line, by means of a rectifier. 


Charging Resistance 


Charging resistance is a suitable apparatus in- 
serted in series with the charging circuit. By vary- 


ing the resistance, the current can be regulated. 


Resistance may consist of lamps or of resistance 
wire. 


An Explanation of Resistance 


Resistance can be in the form of a bank of lamps 
(Fig. 6), of resistance wire (Figs. 3 and 4), of water 
(Fig. 5), of carbon and other resistance metals. 
Lamps or resistance wire is generally used, the latter 
being termed a “rheostat.”’ 


Principle of a Rheostat 


By way of illustration, we will use a wire resistance 
unit (Fig. 3). German silver, nichrome, iron wire 
(some others also), offer resistance to the flow of 
electric current. The smaller the wire, for the 
same amount of current, the greater the resistance. 


If, for example, a coil of iron wire of 1/32” diameter 
and of sufficient length is wrapped around an insu- 
lated cylinder, such as porcelain or stone and con- 
nected to a 110-volt circuit, by connecting one wire, 
say, from the (+) side of the 110-volt circuit to 
(X, Fig. 3), the current would then flow down the 
rod (T) to the sliding contact (Oe 


TERMINALS 


7 & @ 


Fig. 3. Principle of Ki 
a rheostat or resist- 


g. 4. A rheostat of standard 
ance unit ; 


construction 
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If one terminal of the battery is then connected 
with (W2), which is one end of the wire coil (C1), 
and the other battery terminal is connected with 
the other, or (—) side of the 110-volt circuit, this 
would form a circuit, and the amount of resistance 
wire in the circuit would depend upon the position 
of the sliding contact (C). 


By moving the sliding contact (C) down, more 
resistance is thrown into the circuit; by moving it 
up, less resistance will be in the circuit. This is 
the principle of a rheostat, and is similar to that of 
“resistance units,” as used for charging batteries, 
which will be discussed farther on. In some in- 
stances an ordinary stove pipe, covered with asbes- 
tos and wrapped with iron wire has been used. 


A rheostat of a more modern construction is 
shown in Fig. 4. The principle is similar to that 
shown in Fig. 3, except that the construction is dif- 
ferent. It consists of wire resistance mounted on 
the back of a slate base. The resistance can be iron 
wire, German silver, nichrome, or any other kind 
of resistance wire. 


The amount of resistance which can be cut into or 
out of the circuit is regulated by movement of 
the handle (H), and it serves the same purpose as 
the sliding contact (C) in Fig. 3. 


yi rheostat might be termed-a device for absorb- 
ing some of the electrical pressure. 


For example, suppose you desired to charge a 6- 
volt storage battery from a 110-volt circuit. It 
would be necessary to absorb approximately 104 
volts in some sort of resistance or rheostat. 


= + 
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Fig.6. A lamp bank resistance Fig. 5. A water 
rheostat 


Principle of a Water Rheostat 


A simplified illustration (Fig. 5) gives the principle 
of a water rheostat. A 5-gal. stone jar is partially 
filled with salt water (or acidulated water), with 
one metal contact (B) in the bottom, and the other 
(A), which is a sheet, immersed more or less in 
the barrel. The movement of (D) regulates the 
resistance, i.e., the nearer the plates are together 
the less the resistance; the farther apart they are 
the greater the resistance. 


The construction and action of an acidulated water theostat 
is as follows: Let us suppose that current is to be taken from a 
500-volt direct current, to pass 3 to 9 amperes; use a 5-gallon 
stone jar and mix 1 part sulphuric acid with 3 gallons of water. 
Use two plates of lead or soft metal as electrodes, the main 
requisite being that they have sufficient area to keep the heating 
effect down aslow as possible. Current applied at one terminal 
leaves the plate and passes through the water to the other 
plate. One of these is made stationary and the other movable, 
and the resistance is regulated by changing their relative dis- 
tance apart. The farther they are apart, the greater the 
resistance. During the action of the theostat, the water is 
decomposed into its natural elements, oxygen and hydrogen, 
and the loss must be made up occasionally by the addition of 
more water. 


The prime object of a rheostat is to cut down the voltage. 


565 


Charging a Battery from a 110-Volt Direct- 
Current Circuit Using Lamp Resistance 


The amount of resistance to use depends upon 
conditions as will be explained. 


If only one battery is to be charged from a direct- 
current circuit, the most convenient resistance is a 
combination of lamps of proper size and rating. An 
arrangement for charging from a 110-volt circuit 
is shown in Fig. 7. 


FROM 110 
VOLT CIRCUIT 


oonw aoukwn 


Fig. 7. Diagram of connections for charging one 6-volt 
battery from a 110-volt direct-current line. Note that the 
bank of lamps is arranged so that any number of lamps from 
1 to 10 can be screwed into or taken out of the sockets. _110- 
volt, 100-watt, 32-c.p. lamps which draw 1 ampere each are 
used above. Remove the filler plugs to permit frequent 
hydrometer readings during charging and also for gases to 
escape. 


The lamps used are carbon filament lamps rated 
at 110 volts and of 32 candle power. As shown, 
they are arranged parallel with each other and the 
combination is in series with the battery. 


The amount of current or amperes passing to 
the battery will be determined by the number of 
lamps used, the watt capacity of the lamps, and 
the method of connection. 


A 32 c. p. 110-volt, carbon filament lamp will pass 
approximately 1 ampere and is a 100-watt lamp. 
Watts are found by multiplying the voltage of the 
circuit (100 volts used instead of 110, which is near 
enough in this instance) by the ampere capacity, as 
100 volts X 1 amp. = 100 watts. 


A 16 c. p. 110-volt carbon filament lamp will pass 
1g ampere and is a 50-watt lamp. 


With the arrangement shown in Fig. 7, each lamp 
will allow 1 ampere of charging current to pass 
through the battery, so that the number of lamps 
will depend upon the charge rate of the battery. 


Fig. 7 shows six lamps screwed into sockets, 
which will, therefore, allow 6 amperes to flow 
(suitable for a Type XC-13 Exide battery, as shown 
in the “bench charge” table, page 578). 


If 32 c.p. lamps are not available, then use 16 c.p. 
carbon filament lamps. When using the 16 c.p. 
lamps it will be necessary to double the number, 
because a 16 ¢.p. lamp, being a 50-watt lamp, draws 
but a 4 ampere at 110 volts. 


If tungsten or other high-efficiency lamps are 
used, more will be required than if carbon filament 
lamps are used, because they draw less current. 
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Charging a Battery from a 220-Volt Direct- 
Current Circuit 


If a battery is to be charged from a 220-volt cir- 
cuit, it will be necessary to place two 32 c.p., 110- 
volt lamps in series, as shown in Fig. 8, because, as 
the voltage increases, the amperage decreases. 
Therefore if two 32 ¢.p., 110-volt lamps are placed 
in series, the two lamps would draw 1 ampere. 


If there are four of these series groups connected 
in parallel, as shown in Fig. 8, then there would be 
4 amperes passing to the battery; if five groups, 5 
amperes; if six groups, 6 amperes, and so on. 


If two 16 c.p., 110-volt lamps are placed in series, 
instead of two 32 c.p. lamps, then the two in series 
on a 220-volt circuit would draw a 14 ampere. 
Therefore, in order to draw 4 amperes to the battery, 
it would require eight groups connected in parallel. 


Fig. 8. 


Charging a Battery from a 500-Volt Direct- 
Current Circuit 


To charge a battery from a 500-volt direct-current 
circuit, use 32 c.p., 100-volt lamps. In order not 
to burn out the lamps, place five in series, as (A) to 
(B) (Fig. 9). 


The five lamps, however, owing to the series 
connections, will allow but one ampere to pass. In 
order to pass two amperes, another group of five are 
placed in a parallel or multiple connection as at 
(Al) to (Bl). For three amperes, another row 
from (A2) to (B2) would be necessary; for four 
amperes, another row (A3) to (B83). If five amperes 
were desired, five more lamps, connected as in Fig. 
9, would have to be used. 


Lighting a Garage with the Charging Current 


A current economy in charging storage batteries 
can be effected by utilizing the current that is ordi- 
narily consumed by the lamp resistance shown in 
Figs. 7, 8, and 9, while lighting the garage at the 
same time. The banks of lamps can be placed 
separate from where the charging is being done, if 
the correct size of wire is used. 


Use of the Ammeter and Voltmeter when 
Charging 


The ammeter can be connected in series with the 
charging circuit and will indicate the amperes flow- 
ing to the battery. 


The voltmeter must not be placed in series. It is 
generally used to test the voltage of the battery 
during charge or discharge, by placing its terminals 
across the battery terminals from time to time 
during the charge or discharge. 


A hydrometer is used repeatedly during the time 
a battery is on charge, as it is important to observe 
the specific gravity during the charge. Directions 
for using the voltmeter and hydrometer during the 
charging of a battery are given farther on. 
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Fig. 10. Method of connecting voltmeter and ammeter 
when charging. 


A 2 to 30-Ampere Lamp-Charging Outfit 


If the number of batteries to be charged varies 
from time to time, the lamp bank shown in Fig. 11 
is very convenient when charging from a 110-volt 
direct-current source. 


Thirty ordinary lamp sockets are mounted to a 
board (Fig. 11) and wired up to snap switches in 
groups containing two, four, eight, or sixteen lamps. 
A suitable main switch, fuse cut-out, ammeter, 
and terminal block complete the connections. 


With this equipment, from one to twelve 6-volt 
batteries can be charged in series at one time. 
Different combinations of switches on and off permit 
regulation of the current through the batteries. 


— || + +— FROM 110 Vout DIRECT CURRENT CIRCUIT 


¢— 20 AMPERE PLUG 
CUT-OUT FUSES 


fT 
° G]¢— 25 AMPERE Switch 


BeCP 
chor Lamps 


110 Vol? 


Ca 


0.P. CUT-OUT (20 AMP. FUSES) 


CONNECTIONS FOR 
CHARGING BATTERIES 


Fig. 11. Diagram of connections for charging one to twelve 


nee est) from a 110-volt direct-current source, using 


Construction and connections of Fig. 11: A base 
of hard wood and No. 12 wire is seep Various 
charging rates can be had by switching on banks of 
lamps instead of unscrewing lamps. Note that 
banks of 2, 4, 8, or 16 32 c.p. lamps can be used 
singly, or all together, which would make 30 amperes 
total. Each 32 ¢.p. 110-volt lamp gives 1 ampere. 
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To obtain 20 amperes, switch on the 4 and 16 
bank: for 10 amperes, switch on the 8 and 2 bank; 
for 5 amperes, put 2, 16 c.p. }4-ampere lamps in 2 
bank, which would give 1 amp., and use this with 
the 4 bank. 


The ammeter indicates the quantity of current in 
amperes passing to the battery. It can be con- 
nected in series, as shown in Figs. 11 and 10. An 
ordinary dash-type ammeter can be used if the rate 
of charge is not over the capacity of the meter. 
If in connecting the meter the hand points in a 
wrong direction, reverse the connections to the 
Ineter. 


Method of connecting batteries in series to be 
charged. If there is a 12-volt battery in series with the 6-volt 
batteries, consider it as-two 6-volt batteries. If an 18-volt 
battery is in series, consider it as three 6-volt batteries. 


Fig. 12. 


Table Giving the Amperage or Rate of Charge 
Used When Charging from | to 11 
Batteries 


Place the batteries in “‘series,’’ as in Fig. 12. 
Then use the number of lamps as indicated in the 
table below. We are assuming that the charging 
circuit is a 110-volt direct-current circuit. 


Number of No, of 32 c. p. 110 v. Lamps No. Lamps for 
Batteries at “‘start'’ and amp’s. ‘*fiush’' tate 
1 10L—10a 8L 
2 10L— 9'4a 3L 
3 WL— Ma 3b 
4 12L— iva AL 
5 13L— Sha 4L 
6 15L—10"t0a 4L 
q 1iL—1041ina 6L 
8 19L—J0%a 6L 
9 21L— 9%na 6L 
10 25L—10a $8L 
11 30L— 90a 9L 


L designates lamps in circuit and a, amperes passing to battery. 


Tt will be observed that, to charge more than one 
battery, more lamps are used in order to obtain the 
same amperage rate of charge, or nearly the same. 
This is due to the fact that as each battery is con- 
nected in series with another, the battery voltage is 
increased . 


When charging several batteries, the practice is 
to charge at 6 amperes during the day and 3 amperes 
at night. This permits watching during the day 
and avoids overheating at night. 


The table given above is figured for a discharged 
90 to 100 ampere-hour 6-volt starting and lighting 
battery. 

If smaller batteries are on the line, or if some are 
partially discharged, charge at the 24-hour rate until 
smaller ones or partially discharged ones are charged, 
then remove them. 


Resistance Units Instead of Lamps for Charg- 
ing Batteries 


Instead of lamps, “resistance units” of approxi- 
mately 35 ohms resistance and 3.3 amperes capacity 
each may be used. or as shown in Fig. 13. This 
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equipment will occupy less space than the lamps 
and serve the same purpose, each resistance unit 
replacing two lamps. 


Instead of either a lamp resistance or unit resist- 
ance panel, a special form of rheostat may be used. 
The size and type depend upon the conditions. 


_ When ordering a rheostat, it will be necessary to 
give the following information: 


1. The voltage of the charging mains. 
2. The number of cells to be charged in series. 
3. The lowest and highest current rate desired. 


Resistance of some sort must be used when char- 
ging batteries, except where the voltage of the 
charging mains is exactly the voltage required to 
charge the battery or batteries. Within certain 
limits, a motor generator set can be regulated to 
deliver the voltage required. Where much charging 
is done, a motor generator set is more economical in 
operation than a charging resistance. 


When resistance, or a rheostat, is used instead of 
lamps, the resistance should be such as to produce, 
when carrying the proper charging current, a voltage 
drop equal to the difference between the voltage or 
pressure of the charging circuit and that of the bat- 
tery being charged. 


Example of a Charging Battery Using Resist- 
ance Units, and Method of Construction 


The parts necessary to construct this 5-battery 
charging outfit are: 
1 Double-pole single-throw switch. 
2 10-amp. plug cut-outs (fuses). 
1 Ammeter, reading 0 to 30 amperes. 
40 ft. of No. 16 rubber-covered flexible wire. 
1 Resistance unit with two taps. 
1 Resistance unit with nine taps. 


M10 VOLT O\RECT 
CURRENT J 


FUSE PLUG 
CUT-OUT; 10 AMP. 


“DOUBLE POLE SINGLE 
THROW SWITCH ~~ 


AMMETER=0TO 30 AMP. 
SWITCH BASE 


Palatal 


ONE 3-CELL BATTERY 


Fig. 13. Resistance charging circuit. 


Construction: The resistance units can be ob- 
tained of the General Electric Co., of Schenectady, 
N.Y., or Ward-Leonard_ Co., | Bronxville, N.Y. 
They are merely coils of wire (spiral resistance wire) 
wound on cylindrical tubes over asbestos and baked 
on the cylinder. The tubes are encased in porcelain 
and measure approximately 22” long and 2” diameter. 


Taps: There are two taps from each,single resist- 
ance unit in the left-hand coil of Fig. 13. The coil 
in the center of Fig. 13 has 11 taps or.connections. 
Fach resistance unit in this illustration has 15 ohms 
capacity, and is known as the 15H form P (General 
Electric Co. designation). 


These resistance units are inexpensive, costing in 
the neighborhood of about two dollars each. 
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Charging: Batteries are referred to generally, as 
3-ceil, 6-volt batteries. If a battery has 6 cells, it is 
treated as two 3-cell batteries; if it has 9 cells, it 
is treated the same as three 3-cell batteries, etc. 


To figure the amount of resistance necessary to 
charge 1 to 5 batteries, that is, 3-cell batteries, on a 
110-volt direct-current line, note the following: 


Resistance is always referred to as so many 
“ohms.” If one 3-cell battery is to be charged at a 
3-amperage rate, figure the resistance necessary to 
put it in series with the battery as follows: NxSV 
=TV, in which N stands for number of cells, SV 
stands for single voltage, or the voltage of one cell, 
and TV stands for total voltage. Substituting 
figures for the symbols (letters), we have: 3 cells (N) 
X2.1 volts (SV)=6.3 volts (TV); i., the total 
voltage required for a 3-cell, 6-volt battery at the 
beginning of a charge is 6.3 volts, and the resistance 
to use for a 3-ampere charge is: 

110v—6:3v 


=34.6 ohms=resistance required. 
3 amp. 


Arrived at as follows: 110—6.3=103.7+-3=34.6. 


If two 3-cell batteries are to be charged at a 3- 
ampere charge, multiply the 6.3v in the foregoing 
example by two—for instance: 

110v — 12.6 


=32.5 ohms=resistance required. 
3 amp. 


If three 3-cell batteries are to be charged at a 3- 
ampere charge, multiply the 6.3v in the first 
example by 38; if four 3-cell batteries are to be 
charged multiply by 4, etc. 


If battery is to be charged at 5 amperes, divide by 
5, instead of by 8. For instance: 
110v—6.3v 
——— = 20.7 ohms=resistance required, 
5 amp. 
To charge two 3-cell batteries at 5 amperes: 


110v—12.6v 
————— = 19 5 ohms resistance required, ete. 
5 amp. 


To increase the amperage of a charge, to say, 10 
amperes per hour, divide by 10 instead of by 3 or 5 
amperes, and cut out enough units to give the 
required resistance necessary. 


To operate on a higher voltage than 110 volts, as 
explained in the example above, say, 220 or 500 
volts, in order to find resistance necessary, use 220 
or 500 instead of 110 volts, as used in the examples. 


How to charge: The two resistance units (Fig. 
13) at the left and center of the diagram, give 15 
ohms each, or a total of 35 ohms (actual addition 
shows 30 ohms, but will give 35). One of the units 
(that in the center of Fig. 13) has 11 taps, so that 
the entire 11 resistance coils (RW) can be thrown 
into the circuit, or only part of them, as shown in 
the diagram. The resistance unit (at the left of 
Fig. 13) is connected at all times, and is 15 ohms. 
The other 15 ohms in the center can be subdivided: 


By merely connecting the wire from the battery 
(—negative) to (A), all resistance (30 ohms—will 
give 35) is in the circuit. When connected with (J) 
only the resistance in the unit at the left of Fig. 13 is 
in circuit. The table (Fig. 14) will explain how and 
why the resistance units are added or cut out. 


By following the arrow points on the diagram, 
from the -+- P wire, over the switch from the main 
wire, the circuit can easily be traced. The dotted 
lines represent the connections at different taps on 
the center unit of Fig. 13. 


Ages To Charge Batteries at 3 Amps. |To Charge Batteries at 5 Amps. 
to Charge 2 : 

of _ [Ohms of Resist- ee Ohms of Resist- Loe es 
Pie ance Necessary Battery— | 22¢e Necessary Battery 

1 34.6 A 20.7 iE) 

2 32.5 B 19.5 G 

3 30.3 C 18.2 H 

4 28.3 D 16.9 I 

5 26.2 E Te 7 J 


Fig. 14. Table showing ohms resistance required for bat- 
tery charging, using resistance as in Fig. 13. 


When connection is at (A), this gives the least 
current, as the entire 30 ohms is in circuit. When 
at (F), 22% ohms resistance is in the circuit. 


The ampere current flowing may be read on the 
ammeter. The actual current will depend upon 
the number of batteries in series, as in diagram (Fig. 
15). If the current obtained at (A) is not sufficient, 
then cut out resistance by connecting with (B) or 
(C), and so on, each giving a greater current than 
the one preceding, the maximum being at (J). 


TO-D - 


To-c 


ONE 24 VOLT 
OR 2-12 VOLT 
OR4-6 VOLT 

| BATTERIES 


TO-1 


Fig. 15. Method of connecting more than one battery to 
charge. Note that batteries are connected in series—the posi- 
tive pole of one battery to the negative pole of another, etc. 
Letters (B), (C), (D), and (E) refer to taps. (M) refers to the 
connection on the ammeter. Thus “B to M” would include all 
resistance, except coils (A). 


As the batteries become charged, the rate will 
become less, but may be increased again to 3 
amperes, by proceeding with the next operation of 
cutting out resistance. Charge until the specific 
gravity has reached a maximum and remained there 
for five hours. This is the standard, indicating 
completion of charge. The cells should gas at the 
same time. If they do not, the maximum gravity 
has not been reached. 


The important point to watch in charging is, not 
to let the temperature of the cell get above 110° F. 
If it does, the charge must be temporarily stopped. 
until the cell cools down, and then he continued at a 
lower rate. But be sure to charge until the specific 
gravity has remained at a maximum for five hours. 
In case one battery becomes charged first, it should 
be taken out of circuit and the remaining batteries 
charged at 5 or 6 amperes until charge is completed. 


Charging Batteries from an Alternating- 
Current Circuit Using a Rectifier 


_Alternating current flows alternately in opposite 
directions, and 1s used to a great extent for house 
lighting. Only direct current, which is constant, or 


a continuous current, is suitable for charging storage 
batteries. 


224 ohms in the circuit. Although the table (Fi ‘ 14 ils 
for 20.7 ohms at (F), this would be near cancun ior aes 


—— 


STORAGE-BATTERY CHARGING EQUIPMENT 


Alternating current can be rectified so that it will 
flow in one and the same direction. It can then be 
used for charging storage batteries. A device for 
such a purpose is called a rectifier. 


There are several types of rectifiers, as follows: 


Chemical rectifier. 

Mercury arc rectifier. 

. Synchronous commutator type. 
. Tungar rectifier. 

. Vibrator type. 


Or COND ee 


Chemical Rectifier 


A chemical rectifier is not very efficient and is seldom used. 
There is a tendency for liquid in jars to get hot and boil if too 
high a current is passed through it, otherwise water is not 
necessary (see Fig. 16). 


Wood box lined a—Alternating current 110 volt 
with zinc comes in here, 

Glass jars 6 or 7 in. di, 8 

by 10 in. high 


Lead plates same size a8 
aluminum plates 


Aluminum plates ¥% in. thick, 
2 in, wide, 


Fig. 16. A home-made chemical rectifier. 


The amount of charging current is regulated by using 16 or 
32 c.p. lamps. 
lamp and 1 amp. through a 32 ¢.p. lamp. Therefore the more 
lamps, the more amperes flowing. About 2 amperes or four 
16 c.p. lamps is best with this outfit, which of course would 
require a long time to charge a 100-ampere-hour battery if the 
latter is entirely exhausted. 


The solution consists of a concentrated solution of common 
baking soda in pure water. (Motor Age.) 


Synchronous Type Rectifier 


The synchronous commutator type of rectifier is 
merely an alternating-current motor with which a 
commutator is used to change the alternating cur- 
rent to direct current. 


Vibrator Type Rectifier 


The vibrator type of rectifier is divided into two 
classes: one, whereby the storage battery being 
charged determines the polarity of the charge, and 
the other, whereby a permanent magnet determines 
the polarity of the charge. 


With this last-mentioned type and previously 
mentioned rectifiers, it is important that positive and 
negative poles of the battery be connected to the 
positive and negative poles of the rectifier. 


On one other type of vibrator rectifier, which is 
similar to that shown in Fig. 17, but minus the 
permanent magnet, there is another winding on the 
electromagnet, which is “shunted” across the bat- 
tery terminals and which takes the place of the 
permanent magnet. 


One-half of 1 ampere will pass through a 16 c.p. - 
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With this type it does not matter which of the 
terminals connects with the battery, as the voltage 
from the battery will set up its polarity in the 
electromagnet. The disadvantage, however, is that 
if the battery is almost totally discharged there will 
not be sufficient voltage to excite the electromagnet 
which should determine the polarity of the charge. 


Vibrator Type of Rectifier with a Permanent 
Magnet 


The vibrator type of rectifier transforms the alter- 
nating current from 110 volts to 10 or 12 volts. The 
current then passes through an electromagnet, the 
amount of current to operate the vibrator being 
regulated by resistance (RE) (Fig. 17). 


The purpose of the electromagnet, vibrator, and 
permanent magnet is as follows: If the alternating 
current flowing through the electromagnet is 120- 
cycle waves per second, the core (N) of the electro- 
magnet would change its polarity with each cycle 
wave. 


If, however, some means were employed to cut 
out 60 of the cycle waves, and utilize only one-half 
of the waves, or only every other cycle wave which 
flows in one direction, and which would be a direct 
flow of current, then the vibrator would close the 
circuit to the battery at (VS), and charge the battery. 


i 110 Volt Alternating es 
By | 


TO MAIN RIOHT 


alvennar 
TERNATING 
CURRENT 11 


former 


Fig. 17 Fig. 18 
Fig. 17. Vibrator type of rectifier. 
Fig. 18. Mercury arc rectifier for 60, 50, 40, 30, or 25 cycles, 
110 volts. 


This is made possible by placing a “permanent 
magnet”’ at the end of the electromagnet, as shown 
in Fig. 17, which keeps the electromagnet core 
definitely (N) and (S8). During the time the 60- 
cycle waves per second are flowing one way, or in 
harmony with the permanent-magnet polarity, the 
vibrator “cuts in” the battery, and during the time 
the 60-cycle waves flow in the other direction, the 
vibrator is not attracted by the core (N), because 
current is flowing in an opposite direction to the 
polarized magnet core, and magnetism is not set up. 


A spring, not shown, is attached to the vibrator 
which is adjusted to hold the vibrator away from 
the core (N) until current flowing in harmony with 
the permanent magnet polarity, both combined, ° 
draws the vibrator to the core. The resistance (BR) 
is used to limit the amount of charging current to 
the battery, say 6 amperes. 


Positive and negative wires must be connected 
correctly, but on another type of vibrator rectifier, 
as explained above, this 1s not necessary. 


This kind of rectifier (Fig. 17) and most other 
rectifiers of this type are only suitable for charging 
one 6-volt battery at a 6-ampere rate, or a 12-volt 
battery at a 3-ampere rate. 
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The Mercury Are Rectifier 


The mercury arc rectifier (Fig. 18) is used con- 
siderably for charging electric vehicle batteries. A 


maximum of 30 amperes is the average. A large 
glass tube contains mercury in its base. Graphite 
terminals (1) and (2) are the “anodes.” Terminal 


(8) is the ‘‘cathode” for negative wire, there being 
only one. (G) is the transformer. A small elec- 
trode (4), connected to one side of the alternating 
current, is used for starting the arc across the 
mercury. 


Tilting the tube causes a mercury bridge between 
the terminals and produces an are when the tube is 
turned in a vertical position. 


When the current alternates, first one, and then 
the other ‘“‘anode” (1) and (2) becomes positive, and 
a continuous flow is towards the mercury ‘‘cathode”’ 
(3), thence to the battery, back to the opposite side 
of supply. 

The Tungar Rectifier 


The Tungar rectifier (Fig. 19) consists of a hot 
argon low-pressure gas-filled bulb (B) (Figs. 19, 20), 
with a “cathode” (F) (tungsten filament) and an 
“anode” (A), a transformer (T) for exciting the fila- 
ment, a rheostat (R), and the load which is shown as 
a storage battery. The connections in Fig. 19 show 
the half-wave rectifier in its simplest form. 


Principle: Assuming an instant when the side 
(C) of the alternating-current supply is positive, 
the current follows the direction of the arrows 
through the load, rheostat, bulb, and back to the 
opposite side of the alternating-current line. A 
certain amount of alternating current, goes through 
the transformer (T) to excite the filament, the 
amount depending on the capacity of the bulb. 


When the alternating-current supply reverses, 
and the side (D) becomes positive, the current is 
prevented from flowing. In other words, the cur- 
rent is permitted to flow from the “anode” (A) to 
the “cathode” (F), or against the flow of emitted 
electrons from the cathode, but it cannot flow from 
the cathode to the anode with the flow of electrons. 
This type of rectifier is extensively used. 


The General Electric Co., Schenectady, IN 
supplies a Tungar rectifier for public garage use. 
It has a charging capacity of 6 amperes and will 
charge any combination of 3, 4, 5, 6, up to 30 cells 
at 6 or 7 amperes or less from alternating current. 
Smaller outfits are made for private garage use. 
Booklets numbered as follows will be sent to read. 
ers of this book who are interested: Large outfit, 
booklet B-3487; for private garage use, booklet 
B-3532. Address General Electric Co., Schenec- 
tady, N.Y 


The Motor-Generator Set, for Charging 
Batteries 
Only direct current can be used to charge storage 
batteries, but in most towns and cities only alternat- 
ing current is available. 


DYKE’S INSTRUCTION No. 50 


There are three methods of charging batteries 
where only alternating current is available: 

1. By the use of a rectifier, as explained. 

2. By the use of an electric motor operating on 
alternating current and driving a dynamo or 
generator which will generate “‘direct’’ current, 
from which current the battery is charged. This 
motor and generator is then ‘‘direct connected”’ 
on one base, and called a ‘‘motor-generator set.”’ 

3. Instead of an electric motor being used to drive 
the generator, this direct-current generator can 
be driven by belt power from a line shaft, or gaso- 
line engine, or other power. 


Where a limited amount of battery charging is to 
be done, the rectifier (Fig. 17) is recommended. 


Where many batteries are to be charged, motor- 
generator sets, shown below, are recommended 


Description of a Motor-Generator Set 


As an example we will use a type 6-G Valley 
Electric Co.’s motor-generator (Fig. 21). 


Names of parts: (M), motor, operates from alter- 
nating current and drives a direct-current generator 
(G); (T), terminals; (S), motor switch; (R), rheo- 
stat to regulate charging current to battery; (A), 
amperemeter; (B), generator switch; (C), auto- 
matic cut-out. 


Fig. 21. Type 6-G Valley Electric Co.’s motor-generator set. 


This set will charge 1 to 10 batteries in series at 
8 amperes; generator, 75 volts, 8 amperes, 600 
watts. This same type 6-G set will charge 20 bat- 
teries at 4 amperes, if two auxiliary rheostats are 
used as shown in Fig. 23. 


Auxiliary Rheostat 


The purpose of this device will be understood bet- 
ey after reading the explanation of its use that 
ollows. 


Construction: Resistance coils wound on asbestos 
board are placed about 34"’ apart lengthwise on the 
back of a slate slab. This resistance can be cut in 


and out of the circuit by a handle (H) (Fig. 23). 


{ 


STORAGE-BATTERY CHARGING EQUIPMENT 
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The ammeter (A) on the rheostat indicates the 
charging rate on that particular rheostat line, 
whereas the ammeter on the switchboard indicates 
the total amperes to all lines, or to 1 or 5 batteries if 
charged without this auxiliary rheostat. ‘The maxi- 
mum carrying capacity of the auxiliary rheostat is 
10 amperes. 


Refer now to Fig. 22. Note that there are ten 
6-volt batteries connected in series with the type 
6-G_motor-generator set, without the use of the 
auxiliary rheostat. The charging rate is 8 amperes 
and this is the capacity of the 6-G motor-generator. 


MAIN CHARGING WIRES NO.10 WIRE 
SWITCH BOARD 


SWITCH BOARD 


FUSE 
RHEOSTAT 


CHARGING 
\OBAT.\N SERIES 
DIRECT FROM MOTOR: 
GENERATOR AT 
BAMPERES 


CHARGING 20 BATTERIES 
WITH 2 AUXILLIARY RHEQSTAIS AT 
4 AMPERES 


Fig, 22 Fig. 23 

Now refer to Fig. 23. Note that there are two 
sets of ten batteries connected with two auxiliary 
rheostats (AUX. Rl and AUX. R2). Hach set with 
its auxiliary rheostat, instead of being in series 
with the main charging line from the generator, is 
connected parallel to the line. 


Therefore, instead of each set_of ten batteries 
(Fig. 23) drawing 8 amperes, as in Fig. 22, they only 
draw 4 amperes, or, in other words, the rate of 
charge is reduced one-half, in order to charge as 
many as twenty batteries. 


When charging with the use of the two auxiliary 
rheostats, place each rheostat handle (H) of (AUX. 
R1) and (AUX. R2) so that all resistance is cut out. 


Then set the charging rate of the generator by 
moving its shunt-field rheostat (on the switchboard) 
until ammeter on switchboard shows 8 amperes. 


Then note the reading on each of the ammeters 
(A) on the auxiliary rheostats. A little resistance 
can then be cut in or added to the line that is taking 
most of the current until each of the two auxiliary 
lines is cut down to the proper amount of current at 
which it is desired to charge each lot of batteries. 


The highest rate at which the twenty batteries 
can be charged, as shown in Fig. 23, is 4 amperes. 


en inquiring about a motor-generator of a 
manufacturer, the following information will be 
required: 


1. The number of cells to be charged. 

2. The highest and lowest charging rate. 

3. The voltage of the supply mains. 

4. If this is alternating current, give, in addition, 
5. The frequency in cycles per second, and 

6. Whether it is single phase or three phase. 


How to Change the Polarity of Shunt-Wound 
Generator 


It is possible to change the polarity of shunt-wound genera- 
tors, and since this is the type of generator used for battery 
charging, it is well to know how to correct the polarity, which is 
easily done by the following method: 


Cut out all the field resistance by turning the rheostat handle 
to “high” (the resistance of the rheostat is in series with the 
shunt field-circuit), and connect on a charged battery to the 
panel board (Fig. 22) (—) to (—) and (+) to (+). Close the 


battery switch, which will start the generator as a motor, and 
cause the ammeter to indicate “discharge”; then throw in the 
main line switch, and the meter will show ‘‘charge,” and the 
polarity will be corrected. The polarity will never change 
while the set is operating. A change of polarity is caused by 
connecting the batteries wrong when the set is not running. 


A Direct-Current Generator Driven by a Belt 


A direct-current generator can be driven by a belt 
from a line shaft, engine, or any other source of 
power. A type 38-G generator with switchboard, 
cut-out, and belt pulley can be purchased (Fig. 24). 


—— 
STORAGE BATTERY GENERATOR 


Fig. 24. Belt-driven generator and switchboard. Parts: 
(1) bracket for support; (2) ammeter; (3, 4) bolts; (5, 6) fuses; 
(7, 8, 9) double-pole, single-throw switch; (10) slate slab; 
(11) rheostat. 


The speed of this particular type of generator is 
1,800 r.p.m., and the outfit sells for $88. It isa 
300-watt capacity, 30-volt 12-ampere generator. 
This generator will charge 6 batteries at 6 amperes 
if two auxiliary rheostats are used, or 1 to 3 batteries 
in series at 12 amperes. 


Fig. 25. Rear of switchboard showing connections. 


INSTRUCTION No. 51 
CHARGING BATTERIES: Putting Batteries in Storage 


The different charging methods were explained in 
the preceding instruction. We shall now deal with 
the charging of the battery. 


When a Battery Charge Is Necessary 
A battery charge is necessary: 


1. When discharged, that is, when each cell is as 
low as 1.8 volts and the specific-gravity reading 
is 1.200 or less. 

2. When a battery is received new and in a dry con- 
dition. 

3. When a battery is received new and in a wet 
condition: 

4. When defective. 

5. When repaired. 

6. When stored. 


A battery may be charged: 


. When on the ear. 
. When removed from the car. 


Ne 


Charging and Discharging Action 


There are two chief points to consider when charg- 
ing a battery. In other words, the proper charging 
of a battery depends upon two points, namely, 
gassing and temperature, explained as follows: 


To charge a battery, direct current is passed 
through the cells in a direction opposite to that of 
discharge. This current, passing through the cells 
in the reverse direction, will reverse the action which 
took place in the cells during discharge (explained 
under the “Principle and action of a storage bat- 
tery,” page 539). It will be remembered that 
during discharge, the acid of the electrolyte went 
into and combined with the active material, filling its 
pores with sulphate and causing the electrolyte to 
become weaker (merely water). 


Action of current: Reversing the current through 
this sulphate in the plates restores the active 
material to its original condition, and returns the 
acid to the electrolyte. 


Thus, during charge the electrolyte gradually 
becomes stronger, as the sulphate in the plates 
decreases, until no more sulphate remains, and all 
the acid has been returned to the electrolyte. It 
will then be of the same strength as before the dis- 
charge, and the same acid will be ready to be used 
over again during the next discharge. Since there 
is no loss of acid, none should ever be added to the 
electrolyte. There is, however, a loss of water from 
evaporation. 


Object of charging: The acid absorbed by the 
plates during discharge is, during charge, driven 
from the plates by the charging current and restored 
to the electrolyte. 


Gassing: When a battery is fully discharged, it 
can absorb current at the highest rate. As the 
charge progresses, the plates can no longer absorb 
current at the same rate, and the excess current goes 
to form gas. In a battery which is charged, or 
nearly charged, the plates can absorb current with- 
out excessive gassing only at a low rate, and a high 


charging rate will be almost entirely used in forming 
gas, resulting in high temperature and wear on the 
plates. 


In starting and lighting systems, the aim is to 
provide sufficient current under average running 
conditions so that the battery will not be “starved, 
and yet that the charge will be at a rate which will 
not cause injurious gassing. 


Normal and abnormal sulphate: The sulphating 
which takes place during an ordinary discharge is 
entirely normal. If, however, charging is insuffi- 
cient, the sulphate increases and becomes hard, and 
the plates become lighter in color, lose their porosity, 
and are not easily charged; this is the abnormal 
condition usually referred to as “sulphated.” This 
condition is usually the result of “starvation” of 
the battery. 


Overdischarge: It is not discharge at any rate 
which injures a battery, but overdischarge, or, 
what in time amounts to the same thing, under- 
charge or “starvation.” 


“Starvation”: If a car is so run that the battery 
gets insufficient charge and is “starved,” it cannot 
be expected to do its work properly. 


Overcharge: Persistent overcharging not only 
tends to wash out the positive active material, but 
also acts on the positive grids, giving them a scaly 
appearance. 


Low temperature: Temperature has quite a 
marked effect ona battery. Low temperature (tem- 
porarily) both lessens the ampere-hour capacity 
which can be taken out of the battery and lowers 
the discharge voltage. It is as if the battery were 
numbed by the cold and unable to make the same 
effort as at normal temperature. The effect of cold 
is only temporary, the battery returning to its 
normal state upon its return to normal temperature, 
even without charge. 


Starting batteries are usually designed with suffi- 
cient margin over the ordinary requirements so that 
they will still perform their functions under reason- 
ably low temperature conditions. It is just as well, 
however, to bear in mind the effect of cold weather 
and to aim to keep the battery unusually well 
charged in winter, and not to expose it unnecessarily 
to low temperatures. s 


There is no danger of the electrolyte freezing in a 
fully charged cell; but in one which is over-dis- 
charged, or has had water added without subsequent 


charging, this is liable to occur. 


High temperature: High temperature is to be 
avoided from the standpoint of the life of the bat- 
tery; 110° F. is usually given as the limiting tem- 
perature, and even this would be harmful if main- 
tained steadily. 


Heating is ordinarily the result of charging at too 
high a current rate. If the temperature of the 
electrolyte in a battery is found to run excessively 
high, the system should be inspected; it may be out 


of adjustment and be charging the battery at*too 
high a rate. 
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CHARGING BATTERIES 


_The effects of continued high temperature are to 
distort and buckle the plates, to char and weaken 
the wood separators, to soften and sometimes injuri- 
ously distort the jars and covers. 


Charging a Battery on the Car 


If a battery is charged on the car, the chief points 
to determine are whether it is getting too small a 
charge, or whether it is getting too much of a charge. 


If it is not getting a sufficient charge, this is 
attributable to the following causes: 


1. Car is run mostly at night with lights on, and 
does not run enough in daytime with lights off. 


2. Overloading, such as additional electrical appara- 
tus drawing on it. 


3. Battery is old and probably sulphated. 

4. Loose connections, or sulphated battery terminals, 
or ground causing leaks, the latter causing the 
battery to discharge. 

. Cut-out not opening and closing properly. 

. Generator third brush, or main brushes not seat- 
ing properly. 

. Generator output set too low. 


. Cold weather driving caused excessive use of 
starter. 


OON > Or 


If it is getting too much charge: 


1. The temperature of the battery is raised. The 
connectors will probably be found to be hot. 
Test the cells with a hydrometer and do not per- 
mit the temperature of the electrolyte to rise 
above 105°. Lower the charging rate. 


2. If the charging rate cannot be lowered, then 
allow the lamps to burn in the daytime. 


A Bench Charge (Battery Removed from Car) 


A bench charge is a method of charging the bat- 
tery from a source outside of the car. 


If the car is not equipped with an electric genera- 
tor, a “bench charge” will be required periodically, 
depending upon how often or how long the lighting 
or the ignition system has been used. 


If the car is equipped with a generator, a “bench 
charge”’ will be necessary only in case of trouble, 
such as the battery being run down on account of the 
generator output being insufficient, or caused by 
driving too much at night with the lights on, or by 
excessive use of the starting motor. 


Indications of the battery requiring a “bench 
charge”’ will be as follows: 


1. When the hydrometer readings of the specific 
gravity of the cells show less than 1.200, or as 
great a difference as 25 to 50 points. 

2. When the cell voltage falls below 1.8 volts per 
cell, the test being made when lights are on. 

3. When the starting motor revolves, but lacks 
speed and power. 

4. When the lights are dim while the engine is idle. 

5. When the electrolyte is below the level of the top 
of the plates and the battery is discharged. First, 
fill with water. 

6. When the battery is ‘‘doped,” that is, when acid 
has been added in place of water. In this in- 
stance the battery may be discharged to where 
the cell voltage is but 1.8 volts per cell, yet the 
specific gravity readings will be 1.200 or more. 


573 


How to Give a Bench Charge 
Use direct current only, never alternating. 


Connect the battery correctly to the charging 
source, the positive battery terminal to the positive 
charging wire, and the negative battery terminal to 
the negative charging wire. The positive battery 
terminal is marked POS or (+), or is painted red; 
se poate is marked NHG or (—), or is painted 

ack. 


Limit the charging current to the amperes given 
in the table below, by connecting suitable resistance 
in series with the battery (see Fig. 6, page 565, show- 
ing a method of charging a 6-volt type XC-13 Exide 
battery from a 110-volt lighting circuit; direct- 
current only). 


Remove the filling plugs and add distilled or other 
‘ure’? water until the level reaches the bottom of 
the filling tubes. 


It will be necessary to take hydrometer readings 
while charging. If the plugs are left out or loose, 
the solution will flood out unless the valves (Fig. 28, 
page 528) are each given a quarter turn, bringing 
them into the position shown. 


As quite a few hydrometer readings are required, 
turning the valves after removing the filling plugs 
is less work than removing and tightening the filling 
plugs before and after every reading, as would other- 
wise be necessary. 


Charge at the rate shown in the following table 
until all cells are gassing or bubbling freely and 
evenly, and until the hydrometer reading of every 
cell goes as high as it will. Then charge for five 
hours longer. 


If, on charge, the hydrometer reading of any cell 
continues to rise above 1.310 (1.240)!1, dump the 
solution, refill with ‘pure’ water, and continue to 
charge at about two-thirds of the earlier rate until 
the hydrometer reading of every cell goes as high as 
it will. Then charge for ten hours longer. 


Keep the temperature of the solution below 110° 
(125)! F., interrupting the charge if necessary. 


After the charge is complete, adjust the strength 
of the solution to between 1.270 and 1.3800 (1.2001 
and 1.230!) as explained under ‘Adjusting the 
strength of the solution,” page 535. 


Just before putting the battery back into service, 
make the high-amperage-discharge test, as explained 
on page 553. 
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Fig. 1. “Bench charge” table, applying to Exide batteries. 
Note that an XC-13 battery requires 6 amperes. To facilitate 
comparing other batteries with this table, see page 523, giving 
the meaning of XC-13, and also the capacity. — 


1 Readings for tropical climates. 
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U.S. L. 6-Volt Lighting Batteries 
Lighting Batteries Cannot be Used for Starting 


ison exer 
Number of Hours Batteries will 
Sustain Ampere discharges of 
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Charging Rates 


Charging rates are given by the Exide manufac- 
turers under the head of “Bench Charge,” page 
573, for all ordinary charging, and under “Initial 
charge and repair charge,” for charging both when 
the battery is new and when it is to be repaired. 


The U.S. L. table gives an ampere-charge rate to 
start with, termed “starting rate,” a “finishing rate,” 
and a ‘24-hour rate.’’? This will all be found in the 
foregoing table, page 574. 

Tt will serve to make the table clearer if we explain 
some of its features. For example, under the head- 
ing, “U. S. L. Starting and Lighting Batteries— 
6 Volt,” note that the battery number ‘“A-313-B,” 
meaning a 38-cell 13-plate battery (see page 523 on 
how to determine) has a 90-ampere-hour capacity at 
1 ampere discharge. The starting rate, to charge 
this battery is 10 amperes; the finish at 2/4 amperes. 


For example: Start the charge at the “starting 
rate,’”’ or lower, as shown in the table, and continue 
the charge until the cells gas freely. This will 
ordinarily take about six hours. Then continue 
the charge for six hours at the normal rate (finish) ; 
see table. 


A battery charge is complete when, with charging 
current flowing at the finish rate given in the tables, 
all cells are gassing (bubbling)-freely and evenly and 
the gravity of all cells has shown no further rise 
during one hour. 


The 24-hour rate is the one used for charging 
through the night, and cells charging at this rate 
may be left on continuously. 


If you have no voltmeter nor hydrometer, it is 
possible to determine when the battery is fully 
charged by observing when gas bubbles begin to 
rise from the solution while the battery is charging 
at the 24-hour rate. 


Procedure of Charging 


Commence the charge at the current rate given 
under “Starting Rate,” (see table, page 574). Be 
sure that the rate is correct for the particular type of 
battery. Continue to charge at the maximum rate 
until the cells begin to gas or bubble freely, at which 
time the voltage will be approximately 2.5 volts per 
cell (7.5 volts for a 6-volt battery). When one or 
both of these conditions are obtained, reduce the 
charging current to the value given under ‘Finishing 
Rate,” by unscrewing the proper number of lamps 
(if charging with lamp resistance), and continue to 
charge at this rate until the cells again gas freely, 
and the specific gravity of the electrolyte ceases to 
rise, as indicated by successive half-hour readings 
taken after the cells begin to gas. 


At the end of charge, the voltage will be approxi- 
mately 2.5 volts per cell with the current flowing at 
the minimum rate, but on a new battery this voltage 
will be greater, reaching as high as 2.65 volts per cell. 


The specific gravity of the electrolyte at the end of 
charge should be at a maximum between the value 
1.275 and 1.285. Correct all specific-gravity read- 
ings for temperature as described under ‘Specific 
Gravity,” page 532. Make sure that the battery 
is full, but do not overcharge. 


The temperature of the electrolyte should not be 
allowed to exceed 100° F. during charge. If this 
temperature is exceeded, cool the battery by reduc- 
ing the charging current, or by temporarily stopping 
the charge. 

Hurrying a charge: This is not recommended, but 
ie ae aabler put the battery on double the 
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“starting rate’ given for the particular size of bat- 
tery in the table on page 574. 


Charging Small and Large Batteries 


It is not advisable to place small batteries in series 
with large-capacity batteries and then give the small 
ones the rate of charge required for the large ones. 
This practice will cause the temperature of the small 
ones to rise more quickly than in the large ones, and 
will thus cause overheating. 


If charging more than one size in series is unavoid- 
able, then charge all at the rate required for the 
smaller battery; then when the latter is charged, 
take it off the line. It is best to have separate 
charging lines for series circuits of different sizes of 
batteries, for then the charging rate can be controlled 
accordingly. 


Charging and Discharging Sulphated Batteries 


With the sulphated battery, the charging should 
begin at about a 2 or 3-ampere rate and should not 
be allowed to rise beyond 5 or 6 amperes. A ther- 
mometer reading should be made often, and the 
temperature of the solution should never be much 
over 100° F. Never let it heat more than 110°. 


When the cells begin to gas and give off bubbles, 
take the battery off the charger and discharge the 
battery by connecting some lamps on it or some 
resistance across its terminals (see tests on pages 
546 and 547). Put in just enough lamps or resist- 
ance to draw a discharge current equal to 1/10 
the ampere-hour capacity (if you have 80 ampere- 
hour batteries, discharge at an 8-ampere rate, or a 
10-ampere rate); discharge the battery until each 
cell has a voltage of 1.7 or 1.8 volts while the bat- 
tery is discharging. Repeat this process from two 
to three times and the sulphate will be well broken 
down and the battery will be in good condition. In 
some instances it may be necessary to charge and 
discharge for a week or more. 


See also item 2, page 589, relative to the “water 
treatment”’ of sulphated cells. 


When discharging the battery, observe as sug- 
gested above, the discharge rate and the time it 
requires for the battery to discharge to 1.8 volts. 
Multiply the two together and you have the ampere- 
hour capacity of the battery. Compare it with the 
rated ampere-hour capacity of the battery, and if 
your result is considerably less, the cell or cells 
should be opened for inspection. 


If the temperature rises in the cells, yet does not 
gas freely, then there is trouble inside of the battery. 
Open it for inspection. 


Charging a ‘“‘Doped’’ Battery 


Where a battery has been doped with acid, it 
should be given an immediate charge. Then 
remove some of the electrolyte and add water during 
the time the cells are freely gassing, while on charge, 
until the hydrometer test shows about 1.275 or 
1.280, but do not take the hydrometer reading for at 
least an hour after the water is added. 


The length of time to charge will depend upon 
the amount of acid added and the condition of the 
battery resulting from the acid. If the plates are 
not badly sulphated, a long-time charge at a low 
rate may bring the battery back to normal, 


If the acid has caused sulphation, see above. 
The battery may also require new separators if 
the battery has been doped often (see also pages 538, 
543, 544, 588). 
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Reversed Charge 


Should a reversal occur, put the battery on charge 
at the 24-hour rate, and leave it on for several days. 
Do not take it off until its voltage and gravity have 
both reached a maximum, with the battery at 
normal temperature, 70° F, 


Charging Repaired Batteries 


This subject is dealt with farther on, under the 
subject. of “Battery Repair.” 


What to Do when Receiving a New Battery 
from the Factory 


Batteries are shipped from the factory either 
“charged” or “bone dry.” 


Receiving a Battery Filled or Wet 


When a “charged” battery is received, it is one 
which has had the solution added and which has been 
given its initial charge at the factory. It leaves 
fully charged, and contains the proper amount of 
solution and is intended to be put into service. 


Before putting it into service, however, it should 
be examined by testing the strength of the solution 
by taking a hydrometer reading (see page 531, Fig. 
1) in each cell. All readings should be more than 
1.250 (1.180).1 Add distilled water through each 
filling tube until the level reaches the bottom of the 
tube (Fig. 1, page 561), and replace and tighten 
the plugs. 


In freezing weather, charge the battery for an 
hour at the proper rate (see page 577), in order to 
mix the water with the solution. 


If all cells, or some cells read less than 1.250 
(1.180),1 give the battery a “bench charge”’ (see 
page 573). 


If there is not enough solution to give a hydrom- 
eter reading, and if there is no evidence that the 
solution has been spilled in shipment, add distilled 
water to the proper level, and replace and tighten 
the filling plugs. Then charge for an hour at the 
proper rate (see “bench charge,” page 573). Then 
test the strength of the solution. 


If the solution has been spilled in shipment, then 
use electrolyte having a strength of 1.250 (1.180)2 
instead of water to make up the loss (see ‘Mixing 
Electrolyte,” page 534). 


Just before putting the battery into service, make 
the “high-amperage discharge” test (see page 552). 


Receiving a Battery Dry or Unfilled 


Batteries are often shipped unfilled, or “bone- 
dry,” asitis termed. A “bone-dry” battery is one 
which has never had solution added and which, 
therefore, has not been given an initial charge at 
the factory. To it is attached a tag, reading 
“unfilled” or tary. 


A bone-dry battery may stand a considerable 
length of time before being put into service, the 
time limit being given on the tag. 


Bone-dry batteries are shipped to all foreign coun- 
tries and many battery distributors order batteries 
dry, preferring to give them their initia] charge when 


1 The readings in parentheses apply to batteries used in tropi- 
cal climates. The term “tropical climates” is applied to con- 
ditions where the temperature is never low enough to freeze 
water—or warm climates, 


* Applies to tropical climates. 
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sold, thus preventing the deterioration that would 
result if a fully charged battery was kept on their 
shelves over a long period of time. 


Care of Battery When Received Dry 


1. Store it in a dry, clean location and keep the 
temperature above freezing and below 110° F. 


2. Put it into service before the expiration of the 
time limit given on the tag attached to the battery. 
The process of putting into service will require about 
five days. 


3. If the battery has been allowed to stand beyond 
the time limit, a cell must be opened up and the 
separators examined just before putting the battery 
into service. If the separators are cracked, warped, 
or split, the entire battery must be provided with 
new separators; otherwise, reassemble the cell and 
put the battery into service. 


Putting a Bone-Dry Battery into Service 


The following instructions are taken from the 
Exide instruction book: 


1. Fill with electrolyte of the proper strength and 
give a long initial charge at the proper rate. 


2. Remove the filling plugs and pour electrolyte 
of the proper strength carefully into the cells until 
level with the bottom of the filling tubes, using 
china or glass vessels or a rubber Syringe. The 
proper strength for filling varies with the different 
types of Exide cells and should be as follows: 

For Types JX, XC, and XH, it is 1.360 (1.260)1 

eae LX, LXR, LXRE, LXRV, and SX, it is 1.340 
1.260)1. 

For Types MHA, PHA, and PHC, it is 1.320 (1.260)1. 

For Type ZA, it is 1.320 (1.240)1, 

For Types KXD and KZ, it is 1.300 (1.240)!, 


If electrolyte of proper strength is not on hand, 
it can easily be made as explained on page 535. 


3. After filling, allow the battery to stand ten to 
fifteen hours before starting the initial charge. It is 
important that the full time be allowed. 


4, Arrange charging circuit, 


(a) Direct current only must be used, never 
alternating. 


(b) The positive terminal of the battery must 
connect with the positive of the charging 
circuit, and the negative of the battery 
with the negative of the charging circuit. 
The battery positive terminal is marked 
POS or (+), or is painted red ; the negative 
is marked NEG or (—), oris painted black. 

(c) Arrange the resistance in series with the 
battery, so that the charging rate will be 
that given in the table below. Use either 
lamps in parallel or a rheostat forresistance. 


5. Not sooner than ten to fifteen hours after filling 
the battery with electrolyte, add more electrolyte 
to restore the level, if it has fallen, and replace the 
filling plugs, screwing them tight. Never charge 
with filling plugs out or loose. 


Start charging, and continue at the amperes 
shown in the table (Fig. 2) until the battery has 
received at least the number of ampere-hours shown. 
If the rate is maintained, the time required will be 
ninety-six hours (four days). The initial charge is 
not complete until the hydrometer reading of every 


cell goes as high as it will and then remains there for 
ee Eg Et ee 
1 Applies to tropical climates. 
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ten hours. Be sure to make the charge absolutely 
complete, as the entire future of the battery depends 
upon it. 

6. Keep the temperature of the solution below 
110° (125°)! F., interrupting the charge if necessary. 


7. After the charge is complete, the strength of 
the solution should be between 1.270 and 1.300 
(1.200! and 1.2301). If it is not between these 
limits, adjust as explained on page 536. 

8. Wipe off the top and sides of the battery case 
with a rag dampened with ammonia to remove any 
electrolyte that may have been spilled. 

9. Just before putting the battery into service, 
make the “high-rate discharge test”? (page 552). 

The following instructions are those on the tag 
of all Witherbee batteries which are shipped dry: 

_ Remove the vent plugs and fill with 1.300 electrolyte (approx- 
imately 244 parts by volume of distilled water and one part 
by volume of chemically pure sulphuric acid); allow to stand 


for twelve hours, adding 1.300 electrolyte, if necessary to obtain 
the proper level in the cell. 


Then charge at the rate specified on a name plate for not less 
than sixty hours, or until the gravity stops rising, adjusting 
the gravity at the end of the charge to 1.300 sp. gr. at 70° F. 


Pane temperature during the charge should be kept below 
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It is necessary to put batteries into storage: 


1. When a car is to stand idle for a considerable 
period, as when it is held for future delivery. 


2. When a car is laid up for the winter. 
3. When batteries are kept in stock. 


Should it be ‘‘dry’”’ storage or wet storage? That 
depends on the condition of the battery. 

Any battery which is to be out of commission 
should, if possible, be put into wet storage, provid- 
ing it will not soon require dismantling, in which 
case it should be put into “dry” storage. 

“Dry” storage requires no attention during the 
storage period. The battery must, however, be dis- 
mantled and reassembled, and if its condition is 
such that this will soon be required, anyway, dry 
storage is obviously the better method. 


Putting a Battery into Dry Storage 

1. Provide a dry place for storage, free from dust. 

2. Have on hand enough ‘‘pure” water to fill all 
the cells. 

3. Empty the battery solution by tilting and turn- 
ing over the battery, and immediately replace the 
solution with the water. 

4. Allow the battery to stand filled with water for 
approximately ten to fifteen hours. 

5. Give the battery a charge, as outlined in the 
first five items of ‘‘Charging a Battery after Repair- 
ing’ (page 590). 

6. Unseal the cells and pull out of the jars the 
elements complete with covers, that is, without 
removing the sealing nuts. 

7. Remove the separators. 

8. Wash the plates by dipping them several times 
in water. 


9. Replace the separators, using new ones for the 
wood separators. Be sure these are thoroughly 


1 From the Exide instruction book. 
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While charging, add distilled water to replace any electrolyte 
lost by evaporation. After charging, insert the vent plugs. 


Important: If the temperature exceeds 110° F. during charge, 
oe SURTERe should be reduced and the time lengthened propor- 
ionately. 


Never fill with acid, the temperature of which is over 90° F. 
It is very important that the instructions be fol- 


lowed carefully, as too much acid or improper charg- 
ing rates will ruin the plates. 


Mini- 
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Fig. 2. Table for initial charge and repair charge of Exide 
batteries. 
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saturated (see page 588: “When New Separators 
Are Necessary’’). Where there are rubber separa- 
tors, they may be used again, if they are not broken 
or cracked. 


10. Pour the water out of the jars. 


11. Put the elements back into the jars and reseal 
before the negatives dry out. 


12. Put a tag on each battery, giving the date 
put into storage. 


13. Replace and tighten filling plugs. 


14. Within twelve months put the battery into 
service, as outlined on page 576 (‘‘Putting an 
Unfilled or Bone-Dry Battery into Service’). (It 
is preferable to do this immediately and then keep 
in wet storage on “‘trickle charge.’’) 


15. If it is impossible to reseal the cells, proceed 
as in items numbered 1 to 6 inclusive (above). 
Then remove the wood separators and throw them 
away. Where there are rubber separators, replace 
them between the plates. Allow the plates to drain 
and to become thoroughly dry. Pour the water out 
of the jars. Put the elements back into the jars, but 
do not seal. 


Putting a Battery into Wet Storage 


1. Provide a bench or shelf in a convenient loca- 
tion and of sufficient size to allow a little air space 
all around each battery. 

2. Place the batteries upon wood strips in order 
to keep the bottom of the batteries clear of the 
bench. 

3. Install the necessary wiring, switches, and 
charging resistance, so that batteries can be easily 
connected up and charged where they stand on the 
bench. 

4, Apply vaseline freely to the battery terminals 
and to the exposed copper wires. 

5. Batteries may be kept in wet storage by means 
of either the “trickle charge” or ‘periodic charge” 
method. 
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Trickle Charge 


When a number of batteries are to be held in wet 
storage, the most satisfactory results can be obtained 
by charging continuously at a very low rate, which is 
so low that gassing is avoided and yet gives enough 
charge to maintain the batteries in good condition. 


This charge is termed a “‘trickle charge,”’ and in 
many cases will be found more convenient to arrange 
for than the “‘periodic charge.” It has the added 
advantage of keeping the batteries in condition for 
putting into use at any time on short notice. 


LJOVOLT DIRECT CURRENT 


DOUBLE POLE COMBINED 
SWITCH AND PLUG CUT-OUT 
USING 1 AMP FUSES 


Fig. 3. Diagram of connections for ‘‘trickle charge,” 
showing ten 6-volt type XC-13 batteries. 


How to Apply a Trickle Charge 


1. Give a bench charge. 


2. Connect a tungsten lamp or lamps of appro- 
priate resistance in series with the cells, across a 
charging system adapted for continuous charging. 


Fig. 3 gives an example of connections for a 
“trickle charge,” and the table below gives suggested 
lamp resistances to provide proper rates for various 
numbers and sizes of cells of the Exide make. 


3. Every two months interrupt the “trickle 
charge,” remove filling plugs, add water to the bot- 
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tom of the filling tubes, replace and tighten the filling 
plugs, and continue the ‘‘trickle charge.”’ 


JX-11,13 or 15 [yx-49 
D. 1 LX or LXR-15 or 17 


. -9 or 
Type and Size |KXD-5 or 7 LX or LXR-9 to 131 XRE or LXRV-15 oF 17 
of Cell MH 


LX or LXR-$ LXRE-9 or 13- A-11 
SxX-9 SX-13 PHA or PHC-13 
XC-9 XC-11, 13 or 15 eee or 21 
XE-13 or 15 XE-19 or 21 
_——— 
Approximate 0.05 Ampere 0.10 Ampere 0.15 Ampere 


urrent 


‘5 15-watt lamps 


3 25-watt lamps 
in series i 


in series 


2 25-watt lamps 
in series 


—————EEE 


2 15-watt lamps 1 25-watt lamp 1 25-watt lamp 


in series 


a battery) 


2 25-watt lamps 


1 1S-watt lamp 
in parallel 


3 25-watt lamps 
in parallel 


Number of cells 
(Usually three cella to O° 


Fig. 4. Tungsten lamps to use for a “trickle charge.” 
Lamps are rated at 110 volts. Combinations given are to be 
used in series with batteries across a bus of 105 to 115 volts. 


Periodic Charge 


This is a method of wet storage in which the bat- 
teries are given charges periodically, and is used 
where it is not practicable to arrange for the ‘‘trickle 
charge’”’ method. 


How to Apply a Periodic Charge 
1. Give a bench charge. 


2. Store in a dry, clean location, and keep the 
temperature above freezing and below 110° F. 


3. Once every month remove the filling plugs, add 
distilled or other “pure” water to the proper level, 
replace, tighten the filling plugs and charge for five 
hours at the proper rate given in the “bench charge 
table” (Fig. 1, page 573). 


4. Before putting the battery into service, add 
“pure” water and give a bench charge. 


QUESTIONS AND ANSWERS ON CONNECTING A 6 AND 12-VOLT BATTERY 


Q. 1: Ifa 12-volt battery is connected to a 6-volt battery: posi- 
tive (++) to positive (+-) and negative (—) to negative (—), 
as in Fig. 1, what would be the voltage? 


Ans.: The resultant voltage impressed on the circuit would be 
6 volts in the direction of the 12-volt battery and opposed 
to the direction of the 6-volt battery. The 6-volt battery 
would be charged at 6 volts. 


<= 6V. 


ifrfre 


6V. 
ae O00 Oto 
——— 12V, 


EG 


BATTERY 
"\ TERMINALS 
SWITCH 


FIG.2 


Q. 2: What amperage would flow to the 6-volt battery? 


Ans.: This would depend upon the resistance of leads, internal 
resistance of the 6-volt battery, and internal resistance of 
the 12-volt battery. 


First, it will be necessary to find the ohms resistance of 
the 6-volt battery; therefore we will insert a resistance 
wire into the circuit as in Fig, 2. 


On an open-circuit test of the 6-volt battery we will 
assume that it tests 6.25 volts with a voltmeter across the 
(+) and (—) terminals with the switch open, 


We will now discharge the battery by closing the switch 
and cutting in resistance. At (C) we will say the discharge 
is 302 amperes and the voltage drops to 2.98 volts, 


Thus at a 302-ampere discharge the voltage has dropped 


from 6.25 to 2.98, or a drop of 3.27 volts. (These are 
only approximate figures.) 
The ohms resistance would then=volts dropped+ 


amperes, or 3.27V+302A=.0108, or approximately .01 
of an ohm resistance of the 6-volt battery. 


We will assume, for the purpose of explanation, that 
the ohms resistance of the 12-volt battery is twice that of 
the 6-volt battery, or .02 of an ohm. 


Therefore, to find the amperes that would flow to the 
6-volt battery from the 12-volt battery (not considering 
the resistance of the leads, connections, ete., which is 
negligible), we will proceed as follows: 


Amperes=volts+resistance, thus: 


Amps 6 volts : a 
-02 ohms (R)+.01 ohms (R) 
6 volts 
iGvokma (Re oo amperes, 
—6v. — 6A 
A Ne yi) = 5 
IBV. | rev, 9 Lame 
HL] meee 
12. ———P 12N. 
fFIG.3 FIG.3A 


Q. 3: What would be the voltage of battery if the 6-volt d 
12-volt battery were connected together (in i ber 
Fig. 3: (+) to (—), as shown? Oe eas 
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Ans.: The resultant voltage would be 18 volts. in the direction 
of both batteries. Both batteries would discharge. If 
the 6-volt battery was discharged, it would be charged in 
an opposite direction, thus reverse-charging or depolariz- 
ing the plates. 


Q. 4: At what ampere rate would the 12-volt battery charge 
the 6-volt battery if the 6-volt battery was comalately da 
charged? 


Ans.: Considering the ohms resistance as .02 ohms for the 
12-volt, and .01 for the 6-volt battery, it would figure 
approximately thus: 

12 volts _ 12V 


.02+.01(R) .03(R) 
Q. 5: Suppose a lamp of 18 volts, drawing 2 amperes, was 


placed across the circuit (Fig. 3A). What would be the 
ampere discharge and voltage? 


Amperes = =400 ampereg 


Ans.: The voltage would be the same as in Fig. 3: 18 volts. 
‘he ohms resistance of the lamp would be found as follows: 


18 volts+2 ampere=9 ohms (or R). Therefore, 
F 18 volts 
h ee 
Amperes discharge 02+01-9R 
18 V 
5.03(R) 1.9933 amperes. 


Thus it is observed that there is quite a difference in the 
rate of discharge, where batteries are connected together 
as in Fig. 3, and where a lamp or other equal resistance is 
placed in the circuit. 


We have assumed in these examples that the internal 
resistance of a battery while being charged is the same as 
its internal resistance while being discharged. This is not 
strictly true. 


Q. 6: Isn’t it the usual plan to connect batteries together as in 
Fig. 3, that is, to connect (+) to (—), and to connect 
several batteries together to charge them. Then how 
could a battery be charged in the wrong direction? 


Ans.: By referring to Figs. 4 and 4A, the explanation will be 
made clear. In these illustrations only one set of plates is 
shown to make the explanation clear. One set of plates, 
to the right, represents the internal circuit of the 12-volt 
battery, and the set of plates to the left, the 6-volt battery. 


CHARGING 


DISCHARGING 


6y, lev. 
FIG.4A 


FIG.A 


Referring to Fig. 4: When batteries are being charged, 
connected (+) to (—), as shown, the current from the 
charging source must flow from (+) of the dynamo to (+) 
of the battery, and through the battery, (+) to (-), 
then to (+) of the next battery and (+) to (—) internally, 
to (—) of the dynamo, forming a complete circuit. This is 
as it should be. 


_. When on a discharge, however, as in Fig. 4A, note that 
if both batteries start fully charged, then the discharge 
current from the 12-volt battery would pass from (+) of the 
12-volt battery to (—) of the 6-volt battery, and it is clear 
that the 6-volt battery would discharge in the same direc- 
tion as the 12-volt battery, and depolarizing is not probable. 


_ If, however, the 6-volt battery was discharged, the rule 
is to connect the (+) terminal of a charging source to (+) 
of the battery, and in this case, the direction of charging 
would be as in Fig. 4 (note the arrow in the 6-volt battery). 
However, as the (+) of the 12-volt battery (Fig. 4A) is 
connected with the (—) of the 6-volt battery, it is clear 
that the current would flow in the wrong direction inter- 
nally of the 6-volt battery, and the (—) plate of the 6-volt 
pees youd become a (+) plate, and the (+) plate a 
—) plate. 


This is why we frequently find one cell in a battery having 
become depolarized, owing, probably, to internal troubles 
which discharged it, whereas the other cells are charged, 
and thus, as current is passing through this discharged 
cell in the wrong direction to charge it, it will be depolarized 
or the plates will be reversed in polarity. 


Note. It is not advisable to charge a battery from 
another battery. The explanations given above are used 
for the purpose of making clear how one cell of a battery 


can sometimes be depolarized and then show opposite 
polarity from that of the other cells, if defective internally. 


CONSTANT POTENTIAL BATTERY CHARGING 


The method previously treated in this book might be termed a 
“constant current” system. It consisted of connecting a 
sufficient number of batteries in series to approximate a voltage 
of 110 or 220 volts supplied by a direct current charging line, 
there being an adjustable resistance so that the amperes can 
be properly adjusted to the battery requiring the lowest ampere 
charge. The amperage is usually kept constant and the voltage 
varies according to the state of charge of battery. This 
results in it being necessary to have the batteries on the line 


anywhere from 12 to 48 hours in order to charge them properly. 


Circuit of the Marshall-Chandeysson constant poten- 


Fig. 5. } 
tial system (Marshall Electric Co., 3225 Locust St., St. Louis, 
Mo.). 


The constant potential, or constant voltage method of 
charging storage batteries consists of connecting the batteries 
in parallel across the low-voltage 714 and 15-volt circuit, in- 
stead of using a 110 or 220-volt line, and the voltage, or poten- 
tial, is held constant regardless of load. Each battery will 
draw current from the constant potential bus bars in accordance 
with its counter-electromotive force or the amount to which 
the battery has been discharged. In other words, a battery 
fully discharged will draw more current than one which is 
only partially discharged. No resistance is used. The 
batteries are connected to the bus bars with as low a resistance 
as possible. Batteries can be charged in from 6 to 8 hours by 
this method. 


In practice, a three-wire generator is usually employed, this 
generator having two commutators, one at either end of a 
single armature, and two separate and distinct windings, one 
connecting to each commutator. Such a generator will give a 
three-wire system, as shown in Fig. 5, the negative brush of one 
commutator being connected to the positive brush of the other. 
Such a system is capable of giving 7 14 volts for charging 3-cell 
batteries and 15 volts for 6-cell batteries. In the smaller sizes 
a single-commutator, 7 14 volt, two-wire generator is often used 
for charging 3-cell batteries. These generators are built in 
sizes from 125 to 200 amperes, 714 volts rating, and also 300 
amperes to 600 amperes, 7 14 to 15 volt rating. Larger machines 
can be had if required. 


The generator is shunt wound with an automatic voltage 
regulator in series with the shunt fields. This regulator is very 
sensitive in operation and insures a constant voltage at all 
times, regardless of load conditions. The shunt-wound gen- 
erator also has the advantage that if current supply to the 
driving motor is accidentally shut off, the generator will operate 
as a motor in the same direction of rotation (on the battery 
current) and will not injure the batteries, whereas the 
compound-wound generator will reverse the direction of 
rotation with probable serious results. 


Question 1: Why can a battery be charged at a high rate by 
the constant potential system, whereas by the series method it 
would cause heating and gassing which is injurious toa battery? 


Answer: The charging of a battery by the constant potential 
method is tapered. The amount of current drawn by each 
battery will be dependent upon the condition of the batteries 
and how much they have been previously discharged. The 
ampere charge starts at a high value and tapers off rapidly as 
the battery builds up its counter voltage (c.e.m.f.) as it becomes 
charged. By the series method the current or amperage 1S 
constant, and the voltage varies and a certain amount of 
current is forced through a string of batteries. Under these 
conditions, if an accurately reading voltmeter is placed across 
the individual terminals of the several batteries in series, it 
will be found that there is quite a difference in the voltage or 
potential of each individual cell, this being due to the fact that 
some of the batteries are more run down than others. A 
battery that is almost charged, if in series with other batteries 
that are run down, will be forced to take a higher current than 
it should, and this current will be dissipated in heat and gassing 
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EQUIPMENT FOR STORAGE-BATTERY WORK: Layout of a Shop 
for Storage-Battery and Electrical Work; Tools and 
Supplies; Charging Equipment 


LAYOUT OF SHOP FOR BATTERY AND ELECTRICAL REPAIR WORK 


The following layout for a storage-battery repair 
shop is taken from Motor Age and was prepared 
by Mr. B. M. Ikert. The layout is one that has 
many advantages, as will be noticed by a study of 
the illustration. 


The space is divided into two sections (A) and (B). 
The dimensions are given on the illustration. 

(B) shows the layout of the room for battery work, 
such as for charging, putting in new plates, new 
separators, new jars, burning-in straps, discharging 
and testing. 


The room is 12’ x 19’ and isa part of the “Service 
Station,” as shown on page 691. 


(A) shows layout of a room for the electrical 
department for starting, lighting and ignition work, 
such as putting in new brushes, new windings, test- 
ing and repairing armatures (if the job is not too 
complex), undercutting mica in the commutator, 
recharging magneto magnets, putting in new con- 
densers in magnetos, timers and coils, regulating 
the charging rate of generators, testing and repairing 
electric horns. Each of these subjects is explained 
in this book. See the Index under the appropriate 
captions. 


Supplies should be carried in the electric depart- 
ment, such as lamp bulbs, spark plugs, fuses, con- 
densers, generator and motor brushes, timer points 
toh Delco, Atwater-Kent, and Connecticut ignition 

imers. 


A Wiring Diagram Book for tracing circuits is 
very important. On the subject of electric testing 
instruments, see Index. 


Tools and Spare Parts for Storage-Battery Work 


Anyone undertaking to care for or repair batteries 
will in time gather together the equipment he con- 
siders necessary or desirable for the work. Many 
of the tools are questions of personal taste or present 
equipment, but there are four things absolutely 
essential: 


1. Suitable charging equipment (see “Charging 
Apparatus’”’). 

2. A hydrometer syringe. 

3. A battery thermometer. 

4. A lead-burning outfit. 


In addition, tools and equipment must be avail- 
able for the following purposes, and suggestions are 
here given along with the list of purposes. 


1. To read battery or cell voltage: a portable volt- 
meter, such as a Weston, model 280, or model 
301, or model 45. 


2. To remove connectors: a brace with 54” and a 
34” wood bit. 


3. To tighten or loosen sealing nuts: a special 
wrench. There are three sizes. 


4. To tighten or loosen tie bolts: a screwdriver, or 


else a special spanner bit. 
5. To unseal covers: a putty knife. See Fig. 2 (9). 


6. To remove element from jar: two pairs of 6” or 
8” gas pliers. See Fig. 2 (10). 

7. To prepare surfaces for lead burning: knife, 
Seraper, wire brush, file or end-cutting pliers. 


. To handle sealing compound: receptacles in 
which to heat and from which to pour. 
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). To handle electrolyte: non-metallic or lead ves- 
sels for storing, mixing, and pouring; rubber 
gloves or fingers for protection; soda or ammonia 
solution for neutralizing effects of spillage or slop- 
page. 


1 has =e OC 3 
“ 
\ ° Hydrometer syringe 
Plate ‘Scraping tool 
burning rack 


Bee: File card 5 


Ga! 


Compound ladle 


cet | | 


Putty knife 9 


An acid tank 


Lead cutters 8 


Element pullers 10 
Fig. 2. Small tools for battery work, as follows: 


1 
2 
3. 
4 
5 
6 


. Plate-burning rack. 

. Scraping tool for cleaning parts to be burned. 

Hydrometer syringe for testing and mixing electrolyte. 

. File for cleaning lead before burning, 10’. 

. File card for cleaning lead from file. 

. An acid tank, lead-lined for mixing acid, storing and soaking 
separators 24” x 36” x 24’. Separators, when new, are 
usually dry and should be soaked in a weak solution of 
electrolyte before using. 

7. Compound ladle for melting sealing compound. 

8. Lead cutters for cutting excess lead and for cutting post 
straps to necessary size. 

9. Putty knife for scraping sealing compound. 

10. Element pullers, or regular gas pliers. 

Rubber gloves (not illustrated). 

See mometer for determining temperature of electrolyte in 

cells. 

Lead funnel for filling batteries with electrolyte. 


Supplies, Parts, and Instruments for 
Battery Work 


A stock of spare battery parts should, of course, 
be kept on hand, and with these should be included: 


1. Compound for sealing jars and surrounding jars. This 
can be made of gum asphaltum 50 per cent, paraffine wax 
25 per cent, and resin 25 per cent, melted together. Bat- 
tery stations usually buy this compound in bulk. 


2. Solution for making battery box acid proof (see page 585). 
This can be purchased at battery supply houses. 


3. Electrolyte 1.400 or 1.300 sp. gr. test should be kept in a 
closed stone or glass vessel. Electrolyte is sold by manu- 
facturers. Electrolyte is mixed with water to the density 
required when using. 


4, Distilled water: A supply should be kept on hand for bat- 
tery use. 


5. Extra battery connectors should also be kept on hand, as 
well as other connections and parts, such as extra jars, 
covers, vents, separators, etc. 


6. Pure lead (10 lbs.) for burning connections together. 


7. A 10 lb. bundle of antimony and lead bars for burning to 
straps. 


8. Burning strip for lead burning. 
9. Glass tube for testing the acid level. 


10. Volt-ammeter with a scale 0-30 volts and 0-3-30 amperes is 
indespensable to the battery repairman. 


11. Cadmium voltmeter. 


Equipment for Battery Work 


The following illustrations and itemized list sug- 
gest an equipment suitable for battery work. 


ume 16 17, 


Charging Wires 


i 


Fig. 3. Equipment for storage-battery work (suggested by 
Motor Age) as follows: 
11. Work bench and seats. 
12. Sink for washing plates, etc. 


13. Plate press. In discharged negative plates the active 
material is bulged out and must be pressed back flush with 
the grids. As the acid is pressed from the plates, it flows 
into lead-coated troughs. Length of jaw of press, 19’. 


14, Battery steamer for softening the sealing compound so that 
it can be opened. 

15. Lead-burning outfit. 

16. Distilled water. 

17. Electrolyte. 

18. Carboy of acid. 

19. Battery-discharging outfit for discharging batteny. 

20. Post drill to drill top of connectors. 


24. Motor-generator battery-charging outfit. 
other methods could be used. 


25. Shelf and bins for spare parts. 


A rectifier or 


LEAD-BURNING 


The parts of a battery which must be burned 
together by melting the parts to be joined are the 
post-straps to the plates, connecting links to the 
post and terminals to the posts, and lead terminals 
on the battery cables. 


Methods for lead-burning are as follows: 


1. By an electric arc. 
2. By gas, or a combination of gases. 


3. By a well-tinned soldering iron, with pure lead 
as a solder. 


The Electric Are for Lead Burning 


The electric arc method consists of one terminal of 
a spare 6-volt battery connected to the terminal to 
be burned on the battery being repaired. Clamp (C) 
(Fig. 4, page 582) is connected to other terminal 
of the spare battery, or on one of the connectors of 
the adjoining cell, depending upon whether the bat- 
tery is partially discharged or fully charged. In the 
latter case, 3 cells will give too much voltage. The 
number of cells should be sufficient to heat the car- 
bon (CR) to at least a bright cherry red while it is 
in contact with the joint. 
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Fig. 4. An electric arc lead-burning outfit. 


At the end of cable (W) a carbon holder (H) 
should have a piece of carbon (CR) sharpened to a 
long point like a lead pencil which should project 
not more than 3” from the holder. When contact 
is made at the terminal to be burned, this completes 
the circuit and an “electric arc’ is formed. This 
outfit is not meant to be used where considerable 
lead-burning is done. 


Although this is called the “are burning outfit,” 
more satisfactory results can be obtained by using 
the carbon, after it becomes heated, like a soldering 
iron, without actually drawing an arc. 


The carbon should be cooled off occasionally by 
plunging it, carbon and all, into a pail of water. 
After being used for a short time, it will be found 
that the carbon will not heat properly, because of a 
film of scale that will be found to have formed on 
thesurface. This should be cleaned off with a knife, 
or file, as occasion requires. 


As in the case of flame-burning, additional lead to 
make a flush joint should not be added until the 
metal of the pieces to be joined has melted. The 
carbon should be moved around to insure a solid 
joint at all points. The electric arc outfit can be 
secured of the Electric Storage Battery Co., Phila- 
delphia, Pa. 


Lead-Burning with Gas 


Where there is considerable work of this sort to 
be done, gas or a combination of gases should be 
used. Different methods are explained on this 
page. In addition to using the flame for lead-burn- 
ing, it can be used for welding light metals. 


Gases which can be used, other than as stated on 
this page, are hydrogen and oxygen, hydrogen and 
compressed air. The combinations most used, 
however, are those shown in Figs. 5 and 6 following. 
The illuminating gas and compressed air can be 
used, but it does not give as intense or hot a flame 
as the combinations shown in Figs. 5 and 6. 


REGULATOR 


Fig. 5 


Fig. 5. Imperial lead-burning outfit for use with acetylene 
and oxygen.1 Consists of type F oxygen regulating valve with 
15 Ibs. pressure gauge; type 10R acetylene constant pressure 
regulator; 35’ 3/16” rubber hose; bench-block with 2 needle 
valves; type L lead-burning torch with 4 tips; 1 wrench ($25). 
A torch with 4 tips, bench-block, 16 ft. hose can be had for $9, 
where one is already equipped with a welding outfit using oxy- 
gen and acetylene. This method gives four times the intensity 
of heat that 1s provided by the method shown in Fig. 6. 


1Can be secured of the Imperial Brass Mfg. Co. 
Harrison St., Chicago, Ill. Fe scutes 
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Fig. 7 


Fig. 6. Imperial lead-burning outfit for use with illuminat- 
ing (hydro-carbon) gas or natural gas and oxygen! in high- 
pressure ta Consists of same outfit as shown in Fig. 5, 
except that an Imperial hydraulic back-pressure valve and puri- 
fier for coal gas or natural gas takes the place of the acetylene 
regulator and type L-2 lead-burning torch is provided ($25). 


Fig. 7. Imperial lead-burning outfit for use with illuminat- 
ing (city) gas and compressed air. On account of the relatively 
lower temperature of this flame, this outfit works much more 
slowly than the others, but costs less to operate. Air pressure 
is obtained from a compressed-air tank which is used in most 
garages for filling tires. The outfit consists of a type O 
Imperial torch; type O bench-block; 17 ft. hose; gas shut-off 
cock; air shut-off cock ($12)1. 


The gases, therefore, which can be used for lead 
burning are: 
Acetylene and oxygen. 
Illuminating or natural gas and oxygen. 
Illuminating gas and compressed air. 


Acetylene and oxygen, as illustrated in Fig. 5, are 
used most. 


To use gas, it is necessary to have the proper kind 
of lead-burning torch, and also two valves for prop- 
erly mixing the gases to control the size of flame, 
called the “‘bench block.” In addition, rubber hose 
and regulators on the gas tanks are necessary. See 
Index, under “‘Gas torches.” 


Soldering Iron 


In the absence of a lead-burning outfit, a fairl 
good job can be done by using a very hot, well- 
tinned soldering iron, with pure lead as a solder. 
This however is not advised, except for temporary 
work. 

Pointers on Lead-Burning 


Cleaning surfaces: In all lead-burning, absolutely 
clean surfaces are essential to good workmanship. 
Lead is soft and very readily cleaned with a scraper 
or file. In the case of a battery which has had elec- 
trolyte in it, the surface to be burned should first be 
wiped with ammonia to neutralize the acid, and 
then allowed to dry before scraping. 


Before starting to burn,? the connector or terminal 
should be lightly tapped to a snug fit on the post. 
The top of the post should be 1¥”” below the top of 
the connector to allow space for burning. If the 
post is too long, remove the connector and trim off 
the post. 


Method of burning: The top of the post should 
be melted first, then fused to the connector, after 
which lead from a piec~ of burning strip can be run 
in until the joint is flush. 


The color of the flame, when using gas and air, 
should be greenish. If too much air is being used, 
the color will be blue, and the flame will gradually 
become invisible and deficient in heating power. 


2In order to avoid the possibility of an explosion of the gase- 
ous mixture when using a flame near a battery, place the filling 
plugs in the battery and cover the entire battery with a wet 
cloth, pressing it down over the vents of the cells, except on 
thee pat on Biich the burning eperation ie to be performed. 
> Bt an also be removed from the i 
out with compressed air, ; a) BENTO 
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Questions and Answers on Lead Burning 
with a Blow Torch 


Q. xz: Can a blow torch generating 1,500° F. be used for lead 
burning on a storage battery? 


Q. 2: If not, can a double-jet torch generating 3,000° F. be 
used for the burning? 
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Ans.: Lead melts at approximately 600° F., from which note 
that either of the torches mentioned produces sufficient 
heat for lead burning, but it is also necessary that the 
torch produce an extremely small and concentrated needle- 
point flame for successful lead burning on storage-battery 
work. Note therefore that heat alone is not sufficient for 
lead burning, but the required heat must be combined ~ 
with the needle-point flame. 


MISCELLANEOUS BATTERY REPAIR DEVICES 


Moulds for battery parts: Junk lead can be used 
for making connectors, terminals, pillar posts, etc., 
with moulds as shown in Fig. 8.t 


Battery clips: The battery clips shown in Fig. 9 
are handy for snapping over battery terminals. 
They can be secured of the Muller Electric Co., 
Cleveland, Ohio. 


Fig. 10 


Fig. 11 


Flexible service connectors: A very serviceable 
jumper lead or connector is shown in Fig. 10. It is 
handy for connecting batteries when charging, test- 
ing, etc., as shown in Fig. 11. They can easily be 
made by soldering cable to two of the battery clips. 


Lead-Burning Rack 


When burning post straps to the plates, great 
care should be exercised that the plates are kept a 
proper distance apart. The Ambu plate-burning 
racks are shown in Fig. 12. 


In the work of burning-in plates, great care must be exer- 
cised to see that the plates are kept the proper distances apart. 
The Ambu plate-burning racks accomplish this work in half 
the time required with ordinary racks; the plates are held at 
exactly the correct distances apart. The single plates are set 
in the rack and rest in the slotted grooves of their particular 
size. Special fittings are used to simplify the work and to hold 
the plates in position. ‘These fittings also prevent the hot lead 
from running away when burning, and permit of puddling 
the lead. 


There are two types of plate-burning racks: 


e “A,” the small rack, will take care of practically all 
1% plates, such as Exide 3X0, Willard, Gould, Philadelphia, 


supplies moulds as shown. 


and U.S. L. On this rack there are two slot groups, one group 
having slots of 5/32” and 7/16’ between centers; the other has 
slots of 14 and 3%” between centers. Price $8.00.1 


Type “B,” the large rack, is designed to care for over 95 per 
cent of all types of plates made, There are six slot groups on 
this rack, as follows: 5/32’ and 29/64” between centers; 7/32/” 
and 5%” between centers; 5/32’ and 31/64’ between centers; 
5/32” and 7/16” between centers; 14’ and 3” between centers; 
and 3/16” and 34” between centers. Price $12.50.1 


3TUBES SOLDERED 


Fig. 14 


Fig. 13. A home-made steam generator for softening the 
composition, so that the battery top may easily be removed. 
Consists of kettle (P), gas stove (S), and tubes. Steam is 
generated and passed into the cells, The acid should first be 
removed with a syringe. 


Fig. 14. Crating a battery for shipment; note its shape in 
illustration. Inside diameter should be 2” larger than the 
battery and the crate should be stuffed with excelsior. Label: 
“Handle with care—ACID.”’ 
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Fig. 15. Method of making a temporary battery terminal. 


Fig. 16. Method of refilling a battery with distilled water. 
Note the 1%” drilled vent-hole in the bottle. A glass or quill 
can be used for a spout. 


Simple method of connecting many individual 


b JY ‘ 
fant to one pair of supply wires. (P) and (N) are large 


bare wires; (1) and (2) are separate circuits. Smaller lea 


to individual batteries can be made.? 


1Can be secured of A. L. Dyke, Electrical Dept., Granite 


| Bldg., St. Louis, Mo. 
i1The Campbell Engineering Corpn., Kansas City, Mo., & 


‘2 From Motor Age and Motor World. 
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DYKE’S INSTRUCTION No. 52 


A special battery bench with concrete basin filled 


Fig. 18. 
Le The 


with sawdust serves to make the battery work cleaner. 
sawdust absorbs the acid. 
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Fig. 19 


Fig. 19. Battery service kit. A rectangular box is divided 
into four compartments, as shown. One contains the hydrom- 
eter, in a cylindrical pasteboard box for testing; the second 
contains distilled water, in an old battery jar for replenishing 
water; a third holds a syringe for placing the water in the bat- 
tery. The fourth space runs the entire length of the box, and 
is used for miscellaneous tools, such as screwdriver, pliers, 
meter, etc. 


Figs. 20 and 21. Voltmeter and copper contact, or test- 
points for testing voltage of cells. The points can easily be 
made by using file handles and heavy copper cable ground to a 
point, with flexible leads wrapped around the upper part of the 
points (Fig. 21), and sweated on with solder. 


Fig. 20 
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Fig. 23 


Fig. 23. The principle of the syphon may be used in many 
places in repairshop work. For example, it provides a simple 
method of drawing distilled water for the storage batteries. A 
glass tube extending to the bottom of the bottle is inserted in 
the cork and a rubber tube is attached as shown. The end of 
the rubber tube must extend below the bottom of the bottle; 
consequently it is advisable to place it on a shelf. The tube 
may be made long enough to reach to the storage batteries. 
The flow of water is controlled by a simple spring device which 
pinches the tube. This may be made, or purchased at a drug 
store. 

To put the syphon in operation it is merely necessary to suck 
on rie tube until it is filled with water. Once this is done the 
water will remain in the tube and the syphon will always be 
ready for instant operation until the bottle is emptied. The 
illustration (Fig. 23) shows how to construct asyphon. This is 
handy for keeping distilled water ready for instant use and free 
from dust, etc. : 

The same principle may be resorted to for drawing gasoline 
from a tank, oil from a crankcase, or electrolyte from a storage 
battery, and is adaptable to many other uses. Of course, it is 
usually more convenient to drain a gasoline tank or crankcase 
in the ordinary way, but sometimes the syphon principle will 
be found quicker. 


Battery Steamer and Water Condenser 


Battery steamer. The tubes (P) are inserted in the cells to 
be opened. Thesteam will quickly soften the sealing compound 
and prepare the battery so that the elements can easily be 
removed. Some of the electrolyte should first be removed 
with a syringe so as to give the steam a chance to circulate. 


L) RUNNING 
WATER SUPPLY 
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Water condenser. Only pure water can be used in storage 
batteries. The best water to use for filling storage batteries 
is distilled water. Distilled water can be obtained at drug 
stores. Where considerable battery work is done it is best to 
have a condenser for distilling water, an example being shown 
in the illustration. Steam passes from the boiler through pipe 
(R), to a copper vessel, lined with bloc tin, inside of an outer 
vessel. Cold water circulates between the two. As steam 
passes into the copper vessel it is cooled (due to the circulation 
of cold water around it) and thus condenses into distilled 
water which is drawn off into an earthenware or glass vessel 
(not metal) at the distilled water outlet. This outfit sells for 
$27.50 and can be secured of American Bureau of Engineering, 
2632 Prairie Ave., Chicago, Ill. 


Note. All stills must be registered. Any revenue officer 
will register a still. This is a government requirement, 


Melted artificial ice, or rain water can be used if distilled 
water cannot be obtained, providing it has not come into 
contact with metal pipes or roof. A good method of collecting 
rain water is directly into an earthenware vessel during a 
rain, The use of well or hydrant water or boiled or filtered 
water should be avoided as it is likely to contain iron or alkali 
detrimental to the plates. 


MISCELLANEOUS STORAGE-BATTERY REPAIR INFORMATION 


Corrosion of the terminals or other parts of the 
connectors should be prevented by coating them 
with vaseline or petroleum jelly. Sometimes they 
get so badly corroded that it is almost impossible 
to unscrew the terminals, and greasing them in this 
way will prevent recurrences of such trouble, 


When overhauling a battery, it is a good plan to 
put all the connectors, terminals, and other remov- 
able pieces at the top in a strong solution of soda 
and hot water and to let them stay in it for about an 
hour, so that the solution will have plenty of time 


to clean them thoroughly. Then put on the vase- 
line, and no more corrosion should appear. In the 
first instance, corrosion is usually the result of over- 
filling the jars or spilling the solution, which in time 
acts upon the lead and brass terminals. 


A Cracked Battery Jar 


Never attempt to repair a cracked or broken bat- 
tery jar, as this is impossible. When the Jars get in 
this condition, they must be discarded as useless. 


EQUIPMENT FOR STORAGE-BATTERY WORK 


It is not very much trouble to remove any cell 
from a battery, because the makers have seen to this 
point. To take apart the connectors on a Willard 
battery, for instance, the procedure is to drill a 34” 
hole in the end of the connector, directly over the 
post. This hole should be drilled with any form of 
drill and about two-thirds through the connector, 
when the latter will come off readily. The connec- 
tors have to be burned back on, and more lead must 
be used to fill up the drilled-out hole. 


To remove a cell from an Exide battery, the top 
nuts and connections must first be taken off, the nuts 
unscrewing in the regular manner (see page 586). 


Celluloid jars can be repaired by making a cement 
of celluloid and acetone. Dissolve the celluloid in 
acid until it is gummy; then clean the seams and 
coat. 


Cracked Compound 


Sometimes the tar composition material that is on 
top of the cells cracks, and very often these become 
serious points of leakage of the cell solution. The 
best and simplest way to remedy these is to seal 
them together with a hot iron, such as an old cold 
chisel or similar tool. Press the hot iron on the sides 
of the crack and gradually work them together until 
the holeissealed over. If more of the tar material is 
needed, a big lump of it can be secured from a bat- 
tery supply house. 


To Make a Battery Box Acid Proof 


Use 6 parts of wood tar and 12 parts resin; melt 
them together in an iron kettle, after which stir in 
8 parts of finely powdered brick dust. The surface 
to be covered must be thoroughly cleaned and dried 
before painting with this preparation, which should 
first be warmed. 


Spilled Electrolyte 


If there is evidence that electrolyte has been 
spilled from the cells, use electrolyte of 1.250 sp. gr., 
instead of water, to make up the loss. 

After adding solution or water, replace and tighten 
the filling plugs by turning to the right, and give 
the battery a charge at the proper rate for the par- 
ticular type of battery in question. 

Never add electrolyte to a cell after the gravity 
has been adjusted to the proper point, unless to 
replace actual loss by spilling. 


Prices to Charge for Battery Work! 
Price for charging a starting and lighting battery which includes 


EAH? «5.5 5 0 RIO OOO UODIOO TION OOD OL IG ONS 50c to $1.25 
G=violbeby Meu ae coon cstns vis cree wo) nl eHeveiay sho itaene sl $ .50 
UD EVolbmty pes cues oem sieisiocanaye oracle) rane) ole)si« Bes) 
AG=VOlbRtYDO crea cede csisi siesta eye re ie ei telehsy oll aes 85 
LS-violbebypOrerran cre cieracie alumi ele bcetsate suet tens 1.00 
OMELET Again no OS eIce.eto-o0 Oe Ald 0 WCU o 1.25 


1 Prices vary in different sections of the country. This is an 
example of prices charged by a concern in the West. 
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These prices do not include changing of batteries. All changes 
not requiring more than 15 min,, 25c. Batteries requiring 
more time to take out and replace will be charged for at 
regular labor rates. 


Price per day for rental of a battery, while your battery is 
being charged, 10c to 25c. 


Starter rental will not be installed until the generating system 
on the car has been tested and assurance is given that the 
battery will receive proper charge while the car isin use. A 
deposit to cover rental batteries is required. 


Price for testing the electric system, other than disconnecting 
and connecting battery, per minute................ 1c to 2c 


Price for repair work, per hour...............-.-. 60c to $1.00 


Notice: Storage batteries left over 30 days will be considered 
abandoned, and will be junked without recourse. 


The foregoing is taken from a printed placard on the wall of 
a leading storage-battery repair shop.- 


Where to Obtain Supplies 


It is best to order plates and parts of the manufacturer of 
the battery. Names of some of the concerns who handle sup- 
plies are: 


General Storage Battery Co., St. Louis, Mo. (supplies and parts 
of all kinds). 


Witherbee Storage Battery Co. (supplies in general), 643 
EK. 38rd St., New York. 


Storage Battery Supply Co. (supplies in general), 239 E. 27th 
St., New York. 


Address of Storage-Battery Manufacturers 


Electric Storage Battery Co. (Exide), Philadelphia, Pa. 
Witherbee Storage Battery Co., 643 E. 33d St., New York, 
NBG 


General Storage Battery Co., 2005 Locust St., St. Louis, Mo. 
Prest-O-Lite Co., 30 E. 42d St., New York, N.Y. 


U.S. Light & Heat Corporation, Niagara Falls, N.Y. 

Willard Storage Battery Co., Cleveland, Ohio. 

Marko Company, 1402 Atlantic Ave., Brooklyn, N.Y. 

Gould Storage Battery Co., 30 E. 42d St., New York, N.Y. 
acomlus Storage Battery Co., 749 E. Van Buren Ave., Chicago, 


Edison Storage Battery Co., Orange, N.J. 

Vesta Storage Battery Co., 2100 Indiana Ave., Chicago, Il. 
Aurora Battery Mfg. Co., Aurora, Il. 

Permalife Storage Battery Co., Indianapolis, Ind. 

National Carbon Co. (Columbia), Cleveland, Ohio. 


Philadelphia ‘‘Diamond Grid” Storage Battery Co., Phila- 
delphia, Pa. 


E. 8. Cowie Electric Co., Kansas City, Mo. 
Detroit Storage Battery Co., Detroit, Mich. 


Battery Parts 


General Storage Battery Co., 2005 Locust St., St. Louis, Mo. 
Aurora Battery Mfg. Works, Aurora, Ill. 
Campbell Electric Co., 1529 Wyandotte St., Kansas City, Mo. 


INSTRUCTION No. 83 
REPAIRING STORAGE BATTERIES 


To be able to repair storage batteries properly, it 
is necessary to have on hand the tools and supplies, 
as well as a lead burning outfit, as previously de- 
scribed. 


The usual battery troubles are sulphating and 
buckling of plates, broken down separators, and 
sediment accumulation in the bottom of the jar. 


When Repairs Are Necessary 


1. A battery terminal or connector warmer than 
the others indicates a loose or poor connection, 
which must be repaired. 


2. Broken, cracked, or leaky jars must be re- 
placed; they cannot be mended. 


3. A cell leaking around the cover should be 
resealed. 


4. If the cause of trouble is not apparent, take 
hydrometer readings and make the high-amperage- 


discharge test, as described on pages 553, 559. If 
this indicates internal trouble, take the battery or 
the indicated cell apart and inspect it. 


When to Take a Battery Apart 


When one or more cells of a battery do not take 
a charge after being on charge for 24 hours, make a 
high-amperage-discharge test, and note the indica- 
tions, as sugested in the ‘‘Digest of Troubles” and on 
page 553. Then make a cadmium test, as directed 
on pages 547 to 552. 

If the tests prove defects to exist inside, then the 
battery must be disassembled. 


Before disassembling, the defective cell should 
be located by testing, and inasmuch as other cells 
may be on the verge of a breakdown, it is advisable 
to disassemble all cells. If other cells are not 
defective, they should at least be washed, and have 
new separators added. 


DISASSEMBLING BATTERY! 


As an example, the Exide “3-XC-13” battery 
will be used. 


Removing Connectors 


The connectors are solid lead links (Fig. 1) or 
flexible lead-coated copper strips, and may be re- 
moved by taking a wood bit and boring the connec- 
tors 4”’ deep centrally over each post as shown in 
Fig. 2. For all but types KZ and ZA, use a 54” bit, 
and for these a 3%” bit. 


igeeds 


A lead connector, 


Another method is to play a burning flame on 
the joint, at the same time pulling the connector 
with a pair of pliers until it comes loose. 


Be careful to see that no gas is coming out of the 
cell when handling a flame about it. 


- 


Unsealing Cells 


1. Clean any dirt or lead from the top of the bat- 
tery, taking care that none gets inside the cells, 


2. Remove the filling plugs and blow gently into 
the filling tubes to remove any gas which may be 
there and which might ignite later when a flame is 
brought close. Hand bellows are convenient for 
this purpose. 


3. Types JX, LX, LXR, LXRV, PHC, SX and 
XC have the single-flange type of cover, which has 
sloping sides flanged outwardly at the base to fit 
the inside of the jar snugly, while at the top it clears 
ie 7 giving a space of about 14” for sealing 

ig. 3). 


1From Instruction Book of The El tric S $ 
Co. (Exide); copyrighted, 1921. ectric Storage Battery 


Fig. 2. 


Boring a lead connector. 


To unseal, it is not necessary to remove the cell 
from the case. Heat a thin-bladed knife, such as a 
putty knife, and run it through the sealing com- 
pound close to the jar wall all the way around. This 
will logsen the compound and the element with 
cover attached can be pulled from the jar. 


4. Types KXD, KZ, LXRE, MHA, PHA XE 
and ZA have the double-flange type of cover, which 
is made with the two flanges projecting downward, 
one fitting inside and the other outside of the jar 
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REPAIRING STORAGE BATTERIES: 


FILLING PLUG GASKET 


FILLING PLUG 


SEALING COMPOUND 
POST VAY S47 id by 
GASKET 1} Vid] ell RUBBER 
eh i! i aan er 
NEG. ail) 
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rd Vi] Stearator 
CASE “44 Ht 
POS. RLATE' 
(BROWN) 
Fig. 3 
walls. The two flanges form a channel or slot, hold- 


ing the jar walls and sealing compound between the 
flanges (Fig. 3). To unseal, warm the cover all 
around the edges, and the compound will soften so 
that the element with cover attached can be pulled 
from the jar. The warming may be accomplished 
by passing a moderate flame around the cover, tak- 
ing care not to hold it on one spot long enough to 
burn the rubber. 


5. A very effective way of softening the compound 
for unsealing any type is to place the cell or battery 
in a steam box. This consists simply of a box or 
oven into which live steam is injected at low pres- 
sure. By this means, the rubber parts are made 
somewhat pliable and are much less likely to be 
cracked in handling, especially in cold weather. 
Another method is to stand the cell in very hot 
water, taking care that the water does not get inside 
of the cell. 


Removing Elements from Cell 
1. Remove the connections. 


2. Unseal the cell. It is unnecessary to remove 
the cover from the element, but this may be done. 


3. Take hold of the two posts with gas pliers and 
pull the element from the jar. If it should stick, 
pull the jar along with it and place the cell in very 
hot water to within an inch or so of the top of the 
jar. This will soften the rubber and permit the 
element to be pulled out. 


4. Before pulling all the way out, let the element 
rest a few minutes on the top of the jar at an angle 
so that the battery solution may drain back. 


5. If the element is to be used again, place it in 
water or in a battery solution until ready to use. 
This prevents the negative plates from drying out, 
and will save considerable time during the charge 
following reassembly. 


Removing Jars from Case 
1. Remove the connections. 


2. Note at which corners of the case the battery 
terminals are placed, so that they will not be put at 
the wrong place upon reassembling. 


3. Unseal the cells. 
4, Remove the elements. 


5. Types KXD, LXRE, MHA, PHA, XA and 
XE have the jars separated in the case by painted 
wood spacers divided horizontally, and between the 
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two sections runs a tie bolt (Fig. 3). These bolts 
should be unscrewed one or two turns with a screw- 
driver, thus releasing the jars. 


6. Heat a thin-bladed knife, such as a putty knife, 
and work it down all around the outside of a jar. 


7. Lift out the jars. If they stick, empty the 
solution and fill the cells with very hot water, allow- 
ing them to stand a few minutes. Then pull them 
out with pliers, 


Removing Covers from Cell 
1. Remove the connections. 


2. Remove the sealing nuts by unscrewing them 
with the special wrench designed for the purpose. 
Do not use gas pliers or anything except the proper 
wrench in removing the sealing nuts, because both 
the nut and the thread on the post are lead and may 
be injured. 


Fig. 4. 


Sealing nut wrench. 


3. Unseal the cells as outlined above, and pull off 
the covers. 


4. If the cell is out of the case and has a double- 
flange cover, the cover may be removed. 


Procure two stout boards about 14” longer than 
the height of the jar and rest the side flanges of the 
covers on these so that the cell is raised. By warm- 
ing the cover all around the edges, the compound 
will soften so that, by pressing down on the posts, 
the jar with the element in it will readily drop free 
from the cover. 


Taking Elements Apart 
1. The cover must be removed. 
2. Lay the element down with the plates on edge. 


3. Slightly spread the plates and withdraw the 
separators one at a time, first separating them from 
the negative plates by running a thin-bladed knife 
between. 

4, The positive and negative groups can then be 
separated from one another. 

5. If the negative plates are to be used again, do 
not let them dry, but place the group in water or 
in a battery solution. This will save time in the 
length of charge after reassembling. 


To Tell When New Positive Plates Are 
Necessary 

The positive plates should be examined particu- 
larly for washing out of material and buckling 
(warping). 

If the plates are buckled so much that the element 
will not go back into the jar, the positives should 
be discarded. 

If the plates are only slightly buckled, they can 
be replaced as they are, since this generally does no 
harm. 


To Tell When New Negative Plates Are 
Necessary 


The negative plates are nearly always in good 
condition mechanically, as they are not affected by 
abuse as readily as the positives. 


588 " DYKE’S INSTRUCTION No. 53 


If the positives are buckled, the negatives will be 
also; but if they are in a charged condition, they 
can readily be straightened as folllows: 


— Fig. 5. Straightening plates. 


Place boards of suitable thickness between the 
plates and outside of the group, and slowly apply a 
gradual pressure. This may be done in a vise, 
leaving the pile in the vise for some minutes during 
the operation to give the plates a chance to 
straighten without undue strain (Fig. 5). 


If the battery has been badly abused, “starved,” 
or neglected, the negatives may have shed material. 
In this case, it is best to use a new group. If the 
negative material is very hard and not spongy, it 
is “‘sulphated,” and particular care should be used 
that the subsequent charge is made complete. 


To Tell When New Separators Are Necessary 


Unless a battery is new, it will be found advisable 
to install new separators whenever a cell is dis- 
mantled for repairs, since it is of vital importance 
in a battery to have the separators in good condition. 


No wood separators should be used except the 
specially treated separators furnished by the manu- 
facturer. These should be kept in stock wet, 
preferably in battery solution. 


New separators may be dark, light, hard or soft, 
according to the kind of wood used. However, 
none of these qualities affect the value of a separator, 
which depends on its having been selected and 


treated properly, so as to have correct porosity and 
ability to withstand the chemical action of plates 
and electrolyte. 


Before being used, separators should be soaked 
in battery solution, at least overnight, so that they 
will be thoroughly saturated before being put into 
the cell. 


Perforated rubber sheets, when used, are nearly 
always in condition to put back unless broken in 
handling. It is advisable to carry a small stock 
of these for emergencies. 


Sediment 


The sediment in the bottom of the jars will rarely 
be found to have reached the plates, but whenever a 
cell is taken apart for any purpose, it is advisable to 
wash the sediment out of the jar. 


In types KXD, LXRE and XE there are four soft- 
rubber buffers, each resting on one of the ridges in 
the bottom of the jar. These must be replaced. 


Using Battery Solution Over Again 


Sometimes impurities get into the solution 
through carelessness or ignorance, but their detec- 
tion is not practicable except by an expert chemist. 
As a precautionary measure, the use of new electro- 
lyte of known purity is recommended when repairing 
a battery. 


When the positive plates are badly disintegrated, 
it is often a sign of foreign matter in the electrolyte, 
and in such a case it is safer to discard the negatives 
and separators as well, since they may hold some of 
the impurity and be the means of ruining the new 
positives in a short time. 


To Tell When a New Case Is Necessary 


Unless the jars have been broken or the battery 
has been abused in some manner, the battery case 
will usually be found to bein good condition. “If the 
case has become acid-soaked and rotted, a new one 
should be used. When the old case is to be used 
again, it should be soaked in a solution of baking 
soda and water. This will neutralize any acid and 
prolong the life of the wood. Rinse with water and 
allow it to dry thoroughly Repaint the case 
inside and out with asphaltum or other acid-resist- 
ing paint. 


REASSEMBLING BATTERY! 


Replacing Elements 


J. Slip the positive and negative groups together 
without the separators. 


2. Replace the covers. 
3. Insert the separators. 


Replacing Covers 


1. Place the covers in hot water for a while. This 
makes them somewhat pliable. 


2. Wipe the posts with a piece of waste moistened 
with ammonia, rinse with water, and dry thoroughly 
with clean waste. 


3. Place the cover in position, being sure not to 
omit the soft rubber washers under the cover. 


4. Lubricate the sealing nuts with a little graphite 


mixed to a paste with water; but never use grease 
or vaseline. 


1 From Instruction Book of the Electric Storage Batter Co. 
(Exide); copyrighted, 1921. ~ he 


5. Put on the sealing nuts and tighten them, using 
the special wrench (Fig. 4). 


Inserting Separators 


1. Place the groups on edge (Fig. 6) and insert 
the separators from the bottom, one at a time. One 
Separator goes between each positive and negative 
plate with the flat side of the separator against the 
negative plate. Separators should be so placed 
that the grooves will be vertical and not crosswise 
when the element is in the jar. 


2. Types KXD, KZ, LXR, LXRE, LXRV, 
MHA, PHA and PHC have, in addition, rubber 
sheets, one of which should be placed against the 
grooved side of each wood separator before inserting. 


3. When all the separators are in place, count 
them to be sure that none are missing. 


4. Stand the element up and tap the edges of the 
wood separators with a wood block until they pro- 
ject equally on each side of the plates. 


REPAIRING STORAGE BATTERIES 


Fig. 6. Inserting separators. 


5. Tighten up the sealing nuts, using the special 
wrench (Fig. 4). ji 


6. Lock the sealing nuts. 


Replacing Elements in Jars 


1. Place the jars in hot water for a while. This 
makes them somewhat pliable and less likely to 
crack under stress. 

2. In Types KXD, LXRE and XE be sure to 
replace first the four soft-rubber buffers in the bot- 
tom of the jar, one over each ridge. 


Fig. 7. Applying sealing compound to double-flange cover. 


3. For Types KXD, KZ, LXRE, MHA, PHA, 
XE and ZA, which have the double-flange type of 
cover, have ready a string or worm of sealing com- 
pound about 3/16” in diameter, made by rolling 
between boards some of the special compound 
furnished for the purpose. Stand the element up- 
side down with the cover resting upon two strips 
(Fig. 7). Lay the string of compound all around 
the cover channel and then turn right side up. 


4, Grip the element near the bottom, in order to 
keep the plates from flaring out. Take care not to 
let the outside plates start down over the outside of 
the jar. 

5. The element should fit snugly in the jar. If it 
does not, place one or more wood separators between 
the end plates and the jar, taking care that such 
separators are cut 14" narrower than the plate, so as 
not to throw extra strain on the corners of the jar. 
The ribs of the separators should go against the Jar. 
Do not, however, crowd the jar so that it bulges. 


6. Tighten the sealing nuts again and then lock 
them. 
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Sealing the Cells 


1. Before sealing, always wipe the surfaces to be 
sealed with ammonia, and then allow them to dry 
thoroughly, otherwise the compound may not stick, 
and a leak may result. 


2. For Types JX, LX, LXR, LXRV, PHC, 8X 
and XC, which have the single flange type of cover, 
slowly heat. the sealing compound until it runs, but 
do not get it so thin that it will run down into the 
cell between the cover and jar. Then pour it into 
the channel between the cover and the jar walls. 
Allow it to cool, and finish it off flush with a hot 
knife. When pouring, be sure the compound is 
liquid and not lumpy, as in such a case a poor seal 
will result. A glossy, finished appearance may be 
given to the compound by passing a flame over it 
after the job is finished. 


3. For Types KXD, KZ, LXRE, MHA, PHA, 
XE and ZA the sealing compound should already 
be in the cover channels. Apply heat carefully to 
the edges of the cover and force the cover down 
gently. If too much compound has been used, so 
that 1t squeezes out around the cover, scrape off 
He excess with a hot knife while forcing the cover 

own. 


When Cells Should Be Filled with Electrolyte 


As soon as the cells are sealed, electrolyte of the 
proper strength should be added to keep the separa- 
tors and plates from drying out. 


Proper Strength of Electrolyte to Use 


1. After a complete renewal of plates and separa- 
tors, fill with electrolyte of the proper strength, as 
given on page 535. 


9. After a positive plate or separator renewal, or 
both, fill with “pure” water instead of electrolyte, 
since batteries received for repair have the plates in 
a more or less sulphated condition. This filling 
with water, together with the proper charge after 
repairing (see ‘Charge required after repairing’’), 
is known as the “water treatment” for sulphated 
cells. ‘ 


How to Fill Cells with Electrolyte 


1. Use vessels of glass, china, earthenware, rub- 
ber, or lead; never use metallic vessels unless of 


lead. 
2. Carefully pour the liquid through the filling 


tubes until the level rises in the tubes. If the cover 
is not on the cell, fill to +4’ above the tops of the 


plates. 
Replacing Cells in Case 


1. Be sure to put the cells into the case properly, 
so that two positives or two negatives will not be 
connected together, and also so that the battery 
terminals will not come at the wrong corners of the 


case. 


2. In Types KXD, LXRE, MHA, PHA, PHC 
and XE, which have wood spacers between the cells, 
take care that the spacers are in position and then, 
after the cells are in place, tighten the tie bolts with 
a screwdriver to clamp the jars. 


3. In Types JX, LX, LXR, LXRV, SX and XC, 


the cells should fit tight in the case; pack them in 
with thin boards if necessary. 
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How to Make. Connections 
1. The cells must all be sealed and in the case. 


2. Connectors must be lead-burned. First see 
that the posts and eyes of the lead connectors are 
clean and bright. In all lead-burning, absolutely 
clean surfaces are essential to good workmanship. 
Lead is soft and very readily cleaned with a knife, 
file, scraper, or wire brush. 


Place the connectors over the posts, lightly tap- 
ping them to a firm seat. 


Before lead-burning, blow into the filling tubes to 
remove any gas which may be there. 

Lead-burn the joint by first melting the parts to 
be joined and fusing them together, and then imme- 
diately melt in burning strip until the joint is flush. 
Do not melt in burning strip until the parts have 
fused together nor after the joint has cooled, and 
do not use any soldering acid or other flux. A little 

ractice may be necessary before a good joint can 
Es made. a5 


Recharging Battery after Repairing 
Note. This method is also used for charging badly sulphated 
cells, and is known as the “water treatment” for sulphated cells. 
1. Not sooner than ten to fifteen hours after filling 
a battery with electrolyte or water, as the case 
requires, add more to restore the level if it has fallen. 


2. With filling plugs out, give the valves a quarter 
turn, bringing them into a position so that hydrom- 
eter readings can be taken. This is to allow of 
taking hydrometer readings while charging and at 
the same time prevent flooding, which might occur 
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if the filling plugs were left out and the valves 
were not turned. 


3. If a complete renewal has been made, start 
charging and continue at the amperes shown in the 
table under “Initial Charge and Repair Charge, 
page 577, until the battery has received at least the 
number of ampere-hours also shown. If this rate 
is maintained, the time required is ninety-six hours. 


4. If a renewal of positive plates or separators or 
both has been made, charge at amperes shown in 
the same table, just mentioned, until all cells are 
gassing or bubbling freely and evenly, and until the 
hydrometer reading of every cell goes as high as it 
will. Then charge for ten hours longer. 


5. If the hydrometer reading of any cell continues 
to rise above 1.310 (1.240)!, dump the solution, 
refill with “pure” water, and continue to charge at 
the same rate until the hydrometer reading of every 
cell goes as high as it will. Then charge for ten 
hours longer. 


6. Keep the temperature of the solution below 
110° (125°)! F., interrupting the charge if necessary. 


7. After the charge is complete, adjust the 
strength of the solution to between 1.270 and 1.300 
(1.200! and 1.2301), as explained under “Exide 
Instructions for Adjusting Electrolyte,’ page 536. 


8. Wipe off the top and sides of the battery case 
with a rag dampened with ammonia to remove any 
electrolyte that may have been spilled. 


9. Just before putting the battery into service, 
make high-amperage-discharge test (see page 553). 


THE EDISON STORAGE BATTERY 


The elements of the Edison storage battery are as follows: 


The positive plate, i.e., plates attached to the positive pole, 
are cylindrical tubes of nickelplated, perforated, spirally seamed 
thin steel ribbon, filled with alternate layers of a specially pre- 
pared nickel hydrate and flakes of pure metallic nickel; the 
former being the initial state of the positive active material, 
while the latter is the conductive medium. These tubes are 
hydraulically crimped at their flattened ends into nickelplated 
steel grids, a right-hand spiral alternating with a left-hand 
spiral for equalization of stresses. 


The negative plate, i.e., plates attached to the negative pole, 
are rectangular pockets of nickelplated, perforated steel ribbon, 
filled with a solid mass of a specially prepared electrochemically 
active iron oxide and a small proportion of mercury oxide 
evenly distributed; the former being the initial state of the 
negative active material, while the latter is the conductive 
medium. These pockets are hydraulically crimped at their 
grooved edges into nickelplated steel grids, 


The electrolyte is an alkaline solution consisting of specially 
prepared potassium and lithium hydroxide in distilled water. 


Cell and battery voltage: At the 5-hour rate, or the normal 
rate of discharge, the average voltage per cell is 1.2 volts, while 
at the 8-hour rate of discharge the average voltage is 1,24 volts. 
‘Therefore, when it is desired to discharge at the 5-hour rate, 
5 cells would be required for a 6-volt battery. 


The advantages of the Edison cells are endurance, reliability, 
low maintenance, ruggedness, and light weight. ‘The Edison 
storage battery is the only storage battery made of steel. Its 
long life is a leading feature in which it is without equal. Its 
reliability, low maintenance, and ruggedness are proverbial 
owing to the fact that there is very little sedimentation and, 
therefore, a very low maintenance, and owing to the fact that 
it is entirely built of steel, the battery is extremely rugged. 
There are no jars to break, and the abuses which are common 
to all types of batteries, which have been the causes of various 


other battery on the market, and in the case of the storage- 
battery vehicle this ee 1n weight on the battery may be 
added to the paying load that the vehicle can carry. 


The Edison battery is particularly adapted to installations 
where ruggedness and reliability, not to mention long life, are 


1 The reading in parentheses applies to batteries used in 
tropical climates. 


the main factors. It is used for electric vehicles of all types, 
including electric trucks, tractors, industrial trucks, storage- 
battery locomotives, and the more severe classes of station 
battery work. It is not suited to gasoline automobile starting 
work, owing to the fact that its inherent characteristics making 
for reliability, endurance, low maintenance, ruggedness, and 
light weight prohibit the drawing of tremendous rates of cur- 
rent for short intervals, as is necessary in gasoline automobile 
starting work. There have been, however, numerous instances 
of the applications of Edison storage batteries to starting work 
on gasoline engines up and above the horsepower generally 
found on automotive vehicles. 


Fig. 8. Part sectional view of the Edison storage battery. 


INSTRUCTION No. 54 
TIRES 


Tires are used on automobiles to overcome the 
vibration. If the wheels of an automobile were not 
properly tired, the machine would soon rack itself 
to pieces. The great weight and speed of the auto- 
mobile, and its delicate construction, necessitate 
provision for protection additional to that of the 
springs alone. 


There are two types of tires, the solid and the 
pneumatic. The solid tire is used to a great extent 
on electric vehicles and trucks, because they are 
usually slow-speed vehicles. If solid tires were 
used on high-speed cars, the vibration would be 
so great that the car would soon rack itself to 
pieces. 


PNEUMATIC TIRES 


The pneumatic tire is the type of tire used on all 
pleasure cars. With pneumatic tires, the car is 
suspended on air, which is the most elastic of sub- 
stances. ‘There are two forms of pneumatic tires: 
the single and the double tube. 


Fig. 1 


Fig. 1. The old-style and original pneumatic tire was a 
single-tube tire.’ The casing itself held the air and did not 
contain an inner tube. 


_ Fig. 2. The double-tube pneumatic tire. 
inner tube sustains the air. 


Note that the 


Single-tube pneumatic tire. The first, and now 
obsolete, method, was a single-tube tire, made alr- 
tight and without an inner tube. This type of tire 
was merely an outer casing made air-tight, and was 
fitted with an air valve. It was used extensively 
during the early days of motoring, but inasmuch as 
it is now obsolete, we will confine our instruction 
mainly to the modern type of pneumatic tire. 


The double-tube pneumatic tire is the type of tire 
in general use. It consists of two chief parts: the 
‘Gnner tube,” which holds the air, and the “shoe” or 
“easing,’’ which retains the inner tube, and protects 
it from wear (Fig. 2). 


Asteel rim is placed around the felloe of the wheel, 
and shaped to fit the tire, its exact shape depending 
on the design of the tire. 

Double-tube tires have projections on the side, 
called “beads,” which fit under grooves or into 
channels in the side of the rim, the pressure of the 
air in the inner tube holding them in place. 


Inner Tube and Valve Stem 


Inner tubes used on automobile pneumatic tires 
are of the endless type. The only opening into the 
tube is the inner valve (A) (Fig. 3), throu h which 
the air is forced. As the tube becomes i ated by 
air pumped into it, the bead of the tire is forced 
outward and tightly clinches to the rim channel and 
can be dislodged only by deflating the tube. 

The inner-tube valve-stem is the part shown in 
Fig. 3. It is the part to which the inner tube is 
connected as shown in Fig. 4, (T) being the inner 


Fig. 4 
Note method of 
clamping the 
air ‘valve to in- 
ner tube. 

T, tube; G, 
base; ST, clamp 


nut; P, lo¢ck- 


nut. 


Fig. 3. Schrader No. 777 inner-tube valve; full size for 
3’ tubes and under. No. 725 for 3}4” and over is larger. 


(A) inner valve; (B) valve-cap; (C) rubber disk (for cap B) 
(D) rubber packing; (N) locking nut (for dust cap); 
leather washer; (G) valve-stem base, goes inside of tube; (P) 
locknut (for valve-stem); (S-T) clamp disk; (L) valve- 
spreader. , 


tube. The base (G) of the valve-stem is passed 
through a heavy, tough piece of rubber, called the 
““valye-stem seat,’ which is vulcanized to the tube 
at this point. By stretching the opening in this. 
valve-stem seat, the base (G) is placed inside of 
the tube and locked by clamp nut (ST) (Fig. 4). 


The valve-stem is passed through a hole in the 
felloe of the wheel when the tire 1s applied to the 
wheel and the rim, asin Fig. 27, page 596. The stem 
is held rigid, after being applied in this manner, 
by locknut (N) and washer (M) (Fig. 3). 


ea =DUST.CAts ROE, 


Fig. 6. The dust cap screws over the valve-cap into the 
valve-stem, thus protecting the inner parts of the valve-stem 
from dust, water, etc. 
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Inner-Valve Principle 


The inner valve (A) (Fig. 3), also called the ‘‘valve plunger,” 
is an automatic air check valve for retaining the air in the tube. 
It is screwed into the valve-stem opening, usually by the 
notched end of the valve-cap (B) as shown in Fig. 5. 


(V) is the threaded part which screws into the valve-stem; 
(W) is metal, with rubber packing (D) around it, which makes 
an air-tight joint with the walls of the valve-stem; (Y) is a cap 
holding spring (S) in place, and on its upper part is a rubber 
washer which is the ‘‘valve-seat’’ which is between the bottom 
of (W) and the upper part of (Y). This is the seat, or point 
where the air pressure in the tube is retained because the lower 
part of (W) is in contact with the rubber washer seat on top of 
(Y), which is held together by the tension of the spring. This 
seat is shown open in the illustration. 


Pin (U) is firmly attached to (Y), but works freely through 
enlarged holes in (V) and (W), and these holes also serve as the 
air passage to or from the valve-seat. The spring holds the 
valve to its seat, but can be depressed at. (U), or air from the 
air pump will be sufficient to force the valve from its seat. 


To inflate the tube, unscrew valve-cap (B) and screw in its 
place the hose coupling from the air line. Inside of this hose 
coupling is a projection which presses the pin (U) down against 
the tension of spring (S), which-separates the seat on the upper 
part of (Y) from the lower part of (W). The air then passes 
in through-the enlarged hole in (V) and (W) and out at the 
bottom of (W) at the seat, which is now open. When the air- 
line coupling is removed, pin (U) rises and brings the upper 
part of (Y) and the bottom part of (W) to a firm seat, and pres- 
sure of air in the tube also assists in forcing spring (S) against 
(Y) and in tightening the seat. 


To deflate the tube, valve-cap (B) is removed, turned upside 
down as in Fig. 5, and pin (U) is pressed down by it, which 
opens the inner-valve seat. Or the valve-cap (B) can be used to 
unscrew the inner valve at (V) and can be removed entirely, 
which is the proper thing to do when removing a punctured 
tube or when rolling it up as shown in Fig. 13, page 613. 


Sometimes the inner valve leaks, owing to the valve cap (B) 
being screwed down so tight that the rubber disk (C) spreads 
and forces pin (U) down (see page 618, for inner tube troubles). 


Treads of Tires or Outer Casings 


The tread of a tire is the part of an outer shoe or 
casing, which is the part that comes in contact with 
the road. 


The treads! of tires or outer casings are divided 
into three types: the smooth tread, the non-skid 
tread (Fig. 7), and the ribbed tread (Fig. 8). The 
latter tread is used on “cord tires,”’ as will be ex- 
plained farther on, as well as on fabric tires. 


Fig. 8 


There are several different makes of non-skid 
treads (as shown in Fig. 9), but the principle or pur- 
pose of allis to prevent skidding. The original non- 
skid tire was the Bailey tread. The Firestone non- 


skid tread was introduced soon thereafter. 


1 The smooth tread has been discontinued. Fabric tires are 
now made with “ribbed”’ or ‘‘non-skid” tread, and cord tires 
are likewise made with “ribbed”? or “non-skid” treads. 


shy cs 


“Skid R bl. Goddyear M& W Fein. 
ats pe staceard Non-ckid Knobby Vacuun 
on Tread Tread Tread Treed Cun Tread 


Fig. 9. Some of the different designs of non-skid treads. 


The number of accidents which have occurred on 
account of skidding on slippery pavements has 
shown the need for some method of prevention. 


The original method was by the use of tire chains 
(Figs. 10 to 13) which, so far as the prevention of 
skidding was concerned, fulfilled their purpose. 
But the use of chains was found to be detrimental 
to tires when introduced between the blow-up tire 
and the hard pavement. And, in addition, chains 
were found to be hard riding and noisy. 


The non-skid tread was introduced to overcome 
this difficulty, but while they prevent skidding to a 
certain extent, the chain still remains the only posi- 
tive preventive of skidding, after all The extra 
wear and gripping surface, however, obtained with 
the non-skid tread is well worth the difference in 
price, and this sort of tire ought at least to be placed 
on the rear wheels. 


The usual tire equipment consists of smooth or 
ribbed tires for the front wheels and non-skid tread 
tires for the rear wheels, with rims of the demount- 
able straight side type. 


The Non-Skid Tire Chains 


For heavy weather and snow time and wet, frozen, 
or slippery streets, there is nothing equal to a good 
set of chains: one on each wheel. If only two are 
used, they should be on the rear wheels. If only 
one is used, it should be on the left rear, to avoid 
being damaged against the curb. Fasten them 
tightly, but not so tightly that they cannot creep. 
If they are held rigidly in one place they wear into 
the tread and ruin it. 


_ The method of applying Weed tire chains over 
tires is shown in Figs. 10 to 19. 


Fig. 11 


Fig. 10. Lay the chains over the wheel with the hooks 


Epuard the rear, and tuck the slack under the front part of 


pane ettg Start the car forward just enough to run over the 
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Fig. 12. Hook the chains as tightly as possible by hand. 


Fig. 13. Tire chain adjusters, consistin: £ i i 

: g of springs with 
tempered helical hooks and chain mG shown, which automatically 
takes up any stretch in tire chains, and thus keeps the chain 
close to the tire. Prevents grinding action and insures silence. 


Tig. 14 Fig. 15 
Fig. 14. 


[. Weed chain pliers for opening the hooks on Weed 
cross-chains. 


Fig. 15. Weed chain pliers being used to close the hooks. 
Cutting pliers for repairing chains can also be secured (American 
Chain Co., Bridgeport, Conn., Mfrs. of Weed Chains). 


Tire Protectors 


The steel disk type of puncture-proof tire (Fig. 16) consists 
of three layers of 7/16” diameter steel disks about 1/64” thick, 
imbedded in rubber between the fabric and tread of the tire. 
The layers of disks are placed in such a manner that it is impos- 
sible for a nail to enter the tread of the tire without striking a 
disk. This tire is called the Lee puncture-proof tire. 


The leather-lined puncture-proof tire consists of a specially 
made tire on the inside of which is a puncture-proof strip of 
chrome leather which is intended to prevent punctures without 
stiffening the tire. This tire is known as the Woodworth 
trouble-proof tire. 


THIOK 21 ZAG TREAD 
BREAKER: STRIP 
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More than three-fourths of all tire trouble is 
caused by under-inflation. A soft tire, by having 
its sides bent at a sharp angle, will soon have its 
fabric loosened from the rubber, with consequent 
liability of an early rupture. Besides, a hard tire 
presents less surface to the road, and is therefore 
less likely to suffer cuts and punctures. 


The most important thing to fix in mind on the 
subject is that load as well as inflation must be con- 
sidered to get good results. These two factors are 
interdependent. You cannot consider one properly 
without regarding the other. 


If you increase the load imposed on a given tire, 
you must increase the inflation pressure—and vice 
versa—if you are to maintain the proper degree of 
flattening. 


From this it will be seen that there is no fixed 
pressure which can be set as a standard for any 
size of tire, regardless of load. 


That the inflation pressure should vary in tires of 
a given size according to the load they are obliged to 
carry, is obvious when you consider, for instance, a 
4-inch tire used on a heavy touring car and another 
4-inch tire used on a light roadster. Obviously the 
weight on the former is a great deal more than that 
on the latter, so that the former tire will be flattened 
or distorted a great deal more, providing tire pres- 
sure isthe same. In order to prevent this flattening 
from becoming abnormal and in that way affecting 
the tire detrimentally, it will be necessary to main- 
tain a higher inflation pressure in the touring car 
than is used in the tires on the light roadster. 


If the tire is inflated so that it does not flatten at 
all under the load, more service will probably be 
received from it. However, this will cause the car 
to ride harder. 


If the tire is underinflated, that is, if the amount 
of air allows too great a degree of flattening, the 
constant distortion at its point of contact with the 
ground as the wheel revolves will generate heat in 
the side walls of the tire. This heat destroys the 
rubber between the individual plies of fabric and 
tends to separate them. Separation of this kind 
weakens the tire so that it is not long able to stand 


up under ordinary road conditions. 


Pressure to Be Carried in Tires and Maximum 
Load per Tire 


The pressure to be carried in tires and the wheel- 
load that the different sizes are intended to carry is 
shown in the table (Fig. 18) and is in accordance 
with the recommendation of the S. A. E. 


Fabric Tires for Cord Tires for Cord Tires for 
Passenger Passenger Commercial 
Cars Cars Vehicles 
i - f tire. Fig. 17 : 
Fig. 16. Lee puncture-proo! ure g Tire ite re each = yet 1 
Another example is the outer leather cover made of water- mum mum mum 
iat akon igaeher studded on the tread surface with steel Load owe Load ieee Load sine 
rivets. These covers completely enclose the tire, and are per Tire, ag. Tn, |Per Tire, Sq, In. per Tire, Sq. In. 
attached to the rim, as shown in Fig. 17. The manufacturer Lb. es Lb. Lb. 
claims that they are particularly valuable to use over old tires 
or to re-tread and strengthen them, and that they are also 3 375 45 400 40 
valuable to people who have to run over roads that are rough, 3% 570 55 600 50 
rutty, and rocky, and who travel at Canned es miles per hour. Ry Re e ee Eh A a 
(Woodworth Mfg. Corpn., Niagara Falls, N.Y.) : 6 1 i ae uh 20 p 
6 aan 2200 a 
i i i 7 3000 10 
Air Pressure in Tires i Bie 110 
There are four ways in which one can save on tire 4 bu ; 28 
bills: first, by keeping the tires at all ine well 
infl : i ith caution; 
ated) zecond, by. eciamen Gone Dees ces Fig. 18. Carrying capacities and inflation pressures of 


third, by not overloading the car; fourth, by repair- 
ing small cuts in the tread as they appear, and being 
sure that the wheels are in alignment. 


pneumatic tires recommended by the S. A. E. (Society of Auto- 
motive Engineers). The difference in construction of the 
“fabric” and ‘cord’ tire is explained farther on, 
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To find the wheel load for any particular car: 
First, it is necessary to know the weight of the car, 
with all the passengers and accessories, water and 
gasoline tanks filled and on board. After weighing 
the whole car, weigh back of car. To do this, the 
middle of the step of the car should be over the edge 
of the platform scale—if a regular wagon scale is 
not available. 


Weigh the front of the car in the same way, the 
middle of the step being over the other end of the 
platform. If this has been carefully done, the last 
two weights added together should give within 
twenty pounds of the total weight of the car when 
weighed complete. Of course the wheel loads are 
one-half of the respective axle loads as found in this 
way. In this way you can see if your car is tired 
properly by referring to the scale showing the size of 
tires to use. 


Inflation Pressure during Hot Weather 


The question of whether or not inflation pressure 
in tires should be reduced in hot weather iS a very 
interesting one, because it is generally supposed 
that the pressure should be reduced in the summer 
time. 


A test was made with a 33 x 4 tire on one of the 
hottest days in June, and it was found, that even 
if the car was driven at excessive rates of speed, the 
increase in inflation pressure amounted to only 4 
pounds, which of course, is negligible, because many 
times 4 pounds would not cause the tire to blow out. 
It may be assumed, therefore, that the same pres- 
sure can be used the year around. 


To Get Better Cushioning: Change to Oversize 


If it is desired to increase the durability or mileage 
obtained from the tires, the inflation pressure should 
be increased. In extreme cases, where better 
cushioning effect is desired, this can be done by 
decreasing the inflation pressure. However, that 
is bound to cut down the mileage received from 
the tire. The best way to get better cushioning is 
to change to oversize tires, because in that case a 
lower inflation pressure can be used. 


For instance: Suppose that a 4-inch tire carrying 
a weight of 815 pounds per wheel should, according 
to the table, be inflated to 65 pounds. If the motor- 
ist found he wished easier riding, the best thing he 
could do would be to change over to 41% inch tires, 
which, with a load of 1,100 pounds, would need to 
be inflated only to about 75 pounds. 


Oversize Tires 


All tire makers agree that a larger size tire, giving 
a larger air cushion, is better than a smaller tire 
with a smaller air cushion, If you think your tires 
are too small, place a larger size tire on the rim, 
in accordance with the table below. 


Standard Oversize Tires 


Standard Tire Sizes Oversizes Made to Fit Same Rims 
Oia Sat Cine k. Se ee ete Sled iG 


SOUS CIS Sar ia ie Shei eee 33x4 8S 
CUIESEg o/c): Ma tae den Mek 3833x4144 88 
GREE Blsiclinss oleh ae, yi tans 4x41688 
SEES Pacis apm ms alte aS 385x416 88 
Se) ESE MOIS cea Sohal Bets 6 Same we, 33x5 SS 
SCs SS hers tae eames 30x 0) SS 
SORA 5 (SS Taree merge aus SSS 


C means clincher. 
SS means straight side, 


_ The oversize tires listed above are made in fabric construc- 
tion, The cord tire construction is also to be had in all of 
the sizes mentioned except 31 x 4C. 
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You can figure the oversize tire your rim will take 
by adding one-half inch to the cross-section and one 
inch to the diameter. For instance, suppose your 
present tire is a 32 x 314; by adding one inch to the 
diameter we have 33 and adding one-half inch to the 
cross-section we have 4, therefore a 32x 314 rim will 
take an oversize tire 33 x 4. 


Transposing Tires 


Ruts, curbings, and similar tire destroyers may 
wear the outer wall of a casing nearly to the fabric, 
but if the tire is reversed, and that side which has 
been exposed and most worn is placed nearést the 
car, it will still be serviceable. 


As the rear tires sustain more than half the burden 
in every movement of the car, they will wear more 
rapidly than the front tires; they also have to bear 
the traction strain, that of carrying the car forward, 
and for these reasons they are subject to more wear 
than the front tires. Furthermore, whenever the 
car is stalled in a mud hole, the rear wheels revolve 
a great many times without the front wheels moving. 


Many motorists follow the practice of using 
repaired tires on the front wheels and new ones on 
the rear wheels. Increased service can also be had 
by transposing tires. In ordinary wear it is usually 
true that tires on the right side become worn more 
quickly than those on the left. This is due to their 
being run into ruts and stones, when the car is 
turned out of the traveled roadway, and because the 
tires of the right side suffer most from curbings and 
the like as the driver uses the right side of the street. 
They also carry more than half of the weight when 
the car leans, which it does mostly, on the right side. 


The right rear tire wears faster because of the 
curve of the streets and roads. The actual cause 
is probably that the weight is more on the incline. 


Standard Sizes of Pneumatic Tires 


_ The standard sizes of fabric and cord pneumatic 
tires, as adopted by the leading tire manufacturers, 
are as given in the list following: 


Standard Sizes: Fabric Construction for 
Passenger Cars 
30x3 Clincher 
30 x 31% Clincher 
32 x 314 straight side 


33 x 414 straight side 
34 x 41 straight side 
*85x 41% straight side 


31 x4 Clincher *36 x 416 straight side 
32x4 straight side 33x 5 ‘straight side 
33 x4 straight side 85x 5 straight side 
*34x4 _— straight side *37 x5 straight side 


32 x 414 straight side 


* Not technically considered standard, yet are still being made, 


Standard Sizes: Cord Construction for 
Passenger Cars and Trucks 


_ All sizes listed under fabric construction are made 
in the cord type of pneumatic tires for passenger 
car work, except 30 x 3 and 31 x 4 clincher, 


The Buick “light four” car uses a Jaxon rim 31 x 4 
straight side, which is made in cord construction. 
This size and type of rim is also used on certain 
models of the Briscoe and Maxwell. 


Standard sizes of Pneumatic Commercial or Truck Tires. 
peda only in Cord Construction and N on-Skid- Tread—Giant 
ires 


34 x 5 straight side 


40 x 8 straight sid 
36 x 6 straight side raight side, 


i i 42x 9 straight side 
38 x 7 straight side 44 x 10 straight side 


Note that all of these tires are for straight-side rims of the 
one-piece, side-ring type, 


Na rt 
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The straight side-bead tire is now the popular 
type of bead. In fact, the clincher tire is now made 
only in sizes of 30x 3, 30x 3% and 31 x4, the latter 
size being an oversize for 30 x 3%, i.e., it can be 
fitted to 30 x 3% rims. 


Ford Tires 


The Ford uses 30 x 3 in front and 30 x 34 in the rear, plain 
clincher on one-piece clincher rims permanently fitted to the 
wheel on the touring car and roadster. On the Ford sedan and 
coupelet, and also on the 1920-21 Maxwell, Cheyrolet ‘'490,”’ 
and the Overland “4,” the 30 x 3 1% tire on “one-piece clincher 
rims” but with the ‘‘demountable” feature is employed. 


Ford trucks use 32x 414 straight-side rear, and 30 x 3  front- 
demountable clincher rims; and therefore clincher bead tires 


areused. 32x 34 solid tires can also be supplied for the rear. 
METRIC TIRES AND EQUIVALENTS 
Metric Approximate Metric Approximate 
Sizes Size in Inches Sizes Size in Inches 
650x 65 26x21 870x 90 34x34 
700x 65 28x24 910x 90 36x34 
750x 65 30x24 960x 90 38x3 14 
800x 65 32x2% 1010x 90 40x3 44 
830x 65 33x24 815x105 32x4 
860x 65 34x2% 875x105 34x4 
700x 85 28x3 14 915x105 36x4 
750x 85 30x34 820x120 32x4144—5 
800x 85 32x34 850x120 33x4 4—5 
860x 85 34x34 880x120 34x4 14~—5 
760x 90 30x3 4 920x120 36x4 144—5 
810x 90 32x34 1020x120 40x4 4—5 
840x 90 33x34 1080x120 42x4 e—5 


* Figures in first column represent millimeters. See Index for explanation 
of millimeters. 


Beads of Tires and Rims 


There are three types of tire beads: (1) plain 
clincher (Fig. 19), which is flexible, and is intended 
for one-piece clincher rims; (2) quick-detachable 
clincher, with a clincher bead which is hard, and is 
for use on the quick-detachable side-ring type of 
rim; (3) straight-side bead (Fig. 20) for use on rims 
with straight sides. 


CLINCHER 
BEAD 


Fig. 19 


Fig. 20 


Note. The hard-bead clincher tire formerly used on quick- 
detachable clincher rims is no longer manufactured. 


The flexible bead clincher is now made only in 30 x 3, 30 x 
aoe 31x4sizes. The tirein general use is the straight-side 
ead tire. 


THE CLINCHER BEAD TIRE AND RIM 


There are three kinds of clincher rims: (1) a one- 
piece clincher rim which is firmly fastened to the 
wheel felloe, as shown in Fig. 21; (2) a quick- 
detachable clincher rim where one side of the ring 
is removable, and the tire is removed, as in Fig. 22; 
(3) a demountable one-piece clincher rim, as used on 
the Ford sedan and coupelet, and other light cars, 
where the tire can be removed with the rim, and 
another tire and rim, fully inflated, can be put on 
the Seek rim of the wheel in its place (see also page 
597). 
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Fig. 21 


Fig. 22 
Fig. 21. Clincher bead tire on one-piece clincher rim. 
Fig. 22. Clincher bead tire on a quick-detachable rim. 


To attach or detach a tire on a one-piece clincher 
rim it is necessary to raise the beads of the tire over 
the rims as shown in Fig. 21, and that is why the 
bead is made flexible. 

To attach or detach a clincher bead tire on a 
quick-detachable clincher rim, it is only necessary 
to remove the “locking ring’ and “clincher side 
ring,” as in Fig. 22, and the tire can be slipped on or 
off without much stretching. For this reason it 18 
not necessary to have a flexible bead. 

Therefore a flexible-bead clincher tire can be 
fitted to either a “one-piece clincher rim” or to a 
“quick-detachable clincher rim,” but it would be a 
difficult matter to stretch a hard-bead clincher tire 
over a “one-piece clincher rim.” 


Tire lugs or staybolts This device was formerly used to a 
great extent when the use of clincher tires predominated, but it 
is now seldom used. Tt consisted of a bolt which passed 


through a hole provided in the felloe of the wheel, as shown in 


Fig. 2, page 591. The wedge-shaped head was canvas, or 
rubber-covered, and when drawn tight would spread the beads 
of the tires firmly into the clincher part of the rim. 


The tire lug is still used on some clincher tires, but is usually 
placed close to the valve-stem, to provide against creeping of 
the tire on the rim. 


When a tire creeps on the rim, or slips, it causes the valve- 
stem to pull away from the tube, resulting in a bad tear in 
the tube. 


Spreader: The purpose of a spreader (L) (Fig. 3, page 591) is 
to keep the inner tube from being pinched at the stem hole in 
the rim, and also to act as a protection in case the dust cap is 
screwed down too tight. This is very often the case, and as a 
result, the inner tube is partly pulled or pinched in the rim hole. 


Spreaders are not absolutely necessary, but, as stated above, 
they greatly lessen the chances of tubes ‘‘going bad” around the 
valve-stem, before the rest of the tube has given all the service 
that has been built into it. 


The difference in size of spreaders is necessary, owing to the 
difference in space between the beads as they set on the rim. 


Flaps: These are canvas strips which are placed inside of the 
tire to insure against pinching of the inner tube by the toe of 
the bead, and to prevent injury to the inner tube by rim rust. 
Flaps may be used in all casings, except the flexible clincher type. 


To Remove Inner Tube from a Tire ona 
One-Piece Regular Clincher Rim 


Jack up the wheel. Remove the valve cap (B) 
and the inside valve (A) by reversing the cap head 


and unscrewing it, as shown in Fig. 23. Remove 
the locknut on the valve-stem (see P, Fig.3, page 591). 


Fig. 23. Shows how the valve cap (B) is reversed to unscrew 
the inner valve (A) when the tube is to be deflated. 


Fig. 24. Removing inner tube from a tire, using a one-piece 
clincher rim. 


Push the edge of the casing from under the lip of 
the rim with a tire tool as shown at (A) (Fig. 24). 
Pry off as shown at (B) and (C). This operation 
must be repeated all around the tire until the outer 
bead is loosened. The inner tube can then be 
removed, and the outer casing slipped off, as shown 
in Fig, 25. 


OUTER CASING, 


Fig. 25 


When taking an inner tube out of a tire, turn 
the wheel until the valve-stem is at the bottom, as 
in Fig. 25, then remove the tube, beginning at the 
top. 


Always make it a point to run your hand around 
the inner tube in the casing until you detect the 
cause of the puncture, because very often the offend- 
ing object is hidden in the tire and cannot be seen 
or felt from outside. 


Replacing Inner Tubes 


Place powdered Soapstone or mica in the case 
before inserting a tube (Fig. .26). (Too much of 
this however is likely to work up into little balls and 
cause inner-tube trouble.) 


Then run your hand around the inner tube, 
smoothing out the creases and placing the tube 
evenly around in the rim. 


Put in a new tube, or patch the old one in accord- 
ance with the instruction farther on. 


The insertion of the tube may be done with the 
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the tire is replaced, the inner tube should be slightly 
inflated. 


Do not inflate the tube too much when placing it 
in a tire, for if you do, you will have difficulty in 
replacing the locking rim over the bead of the casing. 


Replacing an inner tube in a tire, using a one-piece 


Fig. 28. é 
clincher rim and showing precautions to observe to prevent 
pinching of the tube. 


Replacing tire casing on rim: With the inner tube 
carefully placed in the outer casing, one side of the 
casing 1s easily applied. The other side is more 
troublesome. The hooked end of the lever is used 
to work the edge of the cover back into the rim, as 
shown in (D) (Fig. 28). 


In using this lever, the inner tube may be pinched, 
as in (E); therefore care must be exercised to avoid 
this. 


After the bead of the tire is worked into place, it 
sometimes happens that the tire lugs or staybolts 
are not properly placed, as shown in (F). Note 
that the inner tube has become nipped between one 
of the lug bolts and the cover, and, unless released, 
this will result in a burst tube. This risk is avoided 
by taking care to inflate the tube moderately before 
replacing it in the cover, 


The tire lug should be pushed upwards, or towards 
the inside of the tire as in (G), before screwing it 
down, thus permitting the cover and tube to fit into 
the correct position. Some tire lugs have a canvas- 
covered head which sometimes causes inner tube 
defects, such as nipping and chafing. If bolts with 
moulded rubber heads be used, these defects are not 
likely to occur, 


The inner tube and tire are properly fitted as 
shown in (H); the tire lugs are in place, and the 
inner tube snugly in its place, with no nipping at 
any part. 


The inner tube should now be carefully inflated 
and, when pumped up, should be even all the way 
cae rim, and run truly when the wheel is 
rotated. 


The air pressure should be in accordance with the 
table on page 593 (Fig. 18). During the process of 
inflating, the air pressure can be tested. A very 
handy device for this purpose is a Twitchell air 
gauge, shown in Fig, 30. 
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Fig. 30 


_ Note. The instructions for the removal and replacement of 
inner tubes, as explained above, will apply to all types of inner 
tubes, except the method of removing and applying the tire to 
the rim, which varies on different kinds of rims, 
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THE QUICK-DETACHABLE RIM—SIDE-RING TYPE 


_ The words, “‘quick-detachable,” as applied to a 
tire rim, were originated several years ago, when 
the one-piece clincher rim, shown in Fig. 21, page 
595, was extensively used. 


Tt was a great source of trouble to remove a 
clincher bead over the clincher part of the rim. 
Consequently a quicker method was introduced, 
termed, the “quick-detachable”’ method, as shown 
in Fig. 22, page 595. Note that the tire could be 


BEAD 
SIDE RING 


Fig. 31 


removed by removing a “locking ring,” (C) and a 
“clincher side ring” (B) (see Fig. 22, page 595, and 
Fig. 31, this page). The tire could then easily be 
removed. ‘This type of quick-detachable rim was 
termed a “‘side-ring” type. This type is now almost 
obsolete for clincher-tire use, but is used for straight- 
side tires, as on wire wheels, where the entire wheel 
is removable. 


Quick-Detachable, Demountable Rim—Side- 
Ring Type 
The next improvement to follow was a quick- 
detachable type of rim, using “side rings,” similar 
to those shown in Fig. 22, page 595, but with 
demountable features, as shown in Fig. 33. 


Demountable rims are those rims which are not 
permanently fastened to the wheel and can be 
removed with the tire, usually by loosening the 
clampbolts on the side. This feature, of being 
able quickly to detach the rim and tire, and thus 
demounting the tire and rim combined, was a great 
advancement, as it relieved one of the drudgery of 
having to remove a tire and repair it on the road. 
Instead, a spare tire fully inflated on a rim, was car- 
ried on a rack, on the rear or side of the car, and was 
replaced on the wheel instead of the defective tire, 
and defective tire and rim were placed on the rack 
to be repaired later. 


4 LAS 
Fig. 32 Fig. 33 
Fig. 32. A clincher demountable rim (not now made for 


clincher tires) (Firestone, type A). 

Fig. 33. A universal rim; for clincher or straight side-bead 
tire (Firestone, type B). 

Parts: (A) rim base; (B) side ring; (C) locking ring; (D) 
Bene ee (E) flat clamp; (F) clamp bracket; (G) felloe 
band; (H) bolt washer. 


A quick-detachable, demountable clincher rim 
of the Firestone make is shown in Fig. 32. Note 
the difference between this rim and the quick- 
detachable rim without the demountable feature 
(Fig. 22, page 595). The difference is, that clamp- 
ing bolts (E) (Fig. 32) and a clamping side ring are 
provided to hold the clincher rim (A) (Fig. 32) in 
place, and this, when removed, permitted the rim 
(A) to be demounted with the tire. At this time, 
the clincher-bead tire was the type in general use, and 
the hard clincher bead was used for this type of rim. 


_ The universal rim (Fig. 33) was the nest type of 
rim to be used. It was necessary, because the 
straight-side tire came into existence and proved to 
be superior to the clincher bead, in that rim cutting, 
which was a great source of trouble with clincher- 
bead tires, was eliminated. Therefore, the univer- 
sal rim would take either a clincher-bead tire, or the 
straight side-bead tire. Note that the rim (B) (Fig. 
33) is reversible. By having the rings (B) as shown 
in Fig. 33, the rim would take a “straight side-bead”’ 
tire; by reversing (B), the rim would take a “clincher- 
bead” tire. 


Side-bead tires on clincher rims: A great deal of 
complication existed, because the majority of tires 
in use were clincher-bead tires, and those who had 
wheels fitted with the clincher rim (Fig. 32) who 
desired to use straight side-bead tires found it neces- 
sary either to have the wheels fitted with straight 
side rims, or to use filler beads, which consisted of 
strips of fabric like the bead of a tire. These filler 
beads could be placed in the clincher part of the 
rim at (R), and thus fill up the clinch, and by this 
means straight-side tires could be used. This type 
of rims is now obsolete. 


The Ford sedan and coupelet, and some other 
light cars use 30 x 31% clincher tires on a one-piece 
clincher rim, which is not quick-detachable, that is, 
without side rings, but it is demountable. 


Straight-Side Bead Tires and Rims; Demount- 
able, Side-Ring Type Rim, Q. D. 


The clincher bead tire gradually became obsolete, 
the straight-side bead having taken its place. 


Anexample ofa straight-side, quick-detachable, de- 
mountable rim (Firestone type C) is shown in Fig. 34. 


Note that this rim (Fig. 34) is similar in principle 
to that shown in Fig. 32, but is different, in that it 
takes a straight-side bead tire only. It is quick- 
detachable, as in Fig. 32, because there are side 
rings, which can be removed. ‘Thus the tire can 
be removed from the rim while on the wheel, or 
the tire and rim can be demounted from the wheel. 


Fig. 34. A straight-side, quick-detachable, demountable 
side-ring type of rim for use with straight-side bead tires only. 
Note that the tire can be removed from the rim while on the 
wheel, or the rim and tire can be demounted from the wheel 
(Firestone type “‘C’’ rim). 


This type of rim (Fig. 34) is the type, or principle 
(there are many different makes), used on com- 
mercial cars, or trucks. 
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Example of Demounting Rim and Tire from 
Wheel and Removing Tire on a Quick- 
Detachable Side-Ring Type of 
Rim—Demountable 


This example refers to the type of rim shown in 
Figs. 32, 33, and 34. This rim is not split, but is of 
the side-ring type. 


This type of rim is used quite extensively for com- 
mercial cars or trucks, with straight-side bead tires. 


It will be found on a great number of older cars 
with clincher rims, as well as with straight side rims. 
Note that the rim and tire are demounted from the 
wheel, and that by removing a side ring, the tire 
can be removed from the rim; or the tire can be 
removed from the rim without demounting the rim. 
An example of this process is as follows: 


To Demount Rim and Tire from Wheel 


Jack up the wheel and loosen clamp (E) (Fig. 35), using the 
socket wrench (W) which accompanies each set of rims. Slide 
each clamp down as far as it will go; then tighten the nut suffi- 
ciently to hold the clamp in that position. 


When all clamps have been freed, turn the wheel so that the 
valve-stem (A) is at the top; then swing out the lower side of 
the rim (Fig. 36), and lift rim, tire, and all off the wheel. 


The valve hole in the felloe is tapered, so, that this can be 
done without straining the valve stem. Note: It is not neces- 
sary to remove the dust cap when demounting the rim. The 
dust cap should always be kept screwed tightly against the valve 
sleeve, except when detaching the tire from its rim. 


pete 


Fig. 35 
Rig, 35, 
Fig. 36, 


Loosening clamping bolts. 


Demounting rim and tire from wheel. 
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Fig. 37. To remove tire from rim: pry off locking ring (C) 
and remove side-ring bead (B). 


To Mount the Spare Rim with Inflated Tire 


Having taken the clamping ring (D) (Fig. 34, page 597) from 
the rim just removed, place it in the same position (with point 
toward inside) in the spare rim carrying an inflated tire. 


Turn the wheel so that the valve hole in the felloe is at the 
top; insert the valve-stem (with dust cap and valve sleeve 
already in place) through the hole and swing the lower part of 
the rim snugly into place. The ends of the clamping ring (D) 
(Fig. 34, page 597) should come under one of the clamps. 


Restore each clamp (E) in turn to its origina! position, over- 
lapping the clamping ring, giving the respective nuts one or two 
turns with the wrench to hold the clamp fairly tight. Then 
continue around the wheel again, tightening down all nuts and 
clamps firmly. 


To Apply Tire to Rim 


Place the slightly inflated inner tube in the casing, using 
plenty of soapstone or talc, and set the casing back on the rim. 


Put on the side ring (B)._ Apply the locking ring (C), by 
engaging the pin in the notch in the edge of the rim, and then 
force the locking ring into its groove around the wheel. Inflate 
the tire to proper pressure. Screw the dust cap on tight against 
the valve sleeve. 


The spreader is held in position in the base of the tire by the 
peu of the screw dust cap against the valve sleeve. No 
ocking nut or other device is necessary. 


To Remove Tire from Rim 


Remove the dust cap and allow the air to escape. Push the 
valve-stem up into the tire as far as it will go, thereby releasing 
the pressure of the spreader inside. 


Insert the point of rewdriver between the side ring (B) 
and the locking ring (Fig. 37). Pry downwards, causing 
an opening between the two rings. Drop a coin or other con- 
venient piece of metal into this opening and hold the opening 
thus gained. Pry downwards with a screwdriver, which will 
remove locking ring (C). The bead ring and tire may now be 
removed from the rim. Note that the valve-sleeve will remain 
in the valve-hole of the rim or felloe, 


THE ONE-PIECE STRAIGHT-SIDE DEMOUNTABLE SPLIT RIM 


__ This type of rim (Fig. 38) is a popular type. The 
illustration shows the type E Firestone rim. There 

‘are many other makes. As will be noted farther 
on, the rim is demountable by loosening the clamp 
bolt (EZ), which relieves the pressure on (D), and 
thus the rim (A) and the tire are demounted from 
the wheel. 
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Fig. 38, A straight-side, demountable, one-piece Ti 
straight-side bead tire only. This rim isa “split” aan ame 
tire is not removable from the rim while on the wheel. The rim 
and tire must be removed (Firestone, type B) 


Note also that the side rings (B and C) (as in Fig. 
34), which was the so-called “quick-detachable”’ 
feature, has been eliminated, and that therefore 
the tire could not be removed from the wheel while 
on the rim. When the rim and tire are removed 
from the wheel, a much simpler method is used to 
remove the tire from the rim, which is by separating 
the rim, which is split (see Fig. 45, page 600). 


_As stated, the straight-side, demountable one- 
piece split rim is the popular type of rim. The pur- 
pose of having a rim demountable is to permit 
removing the tire and rim, so that a spare tire, 
inflated, and on another rim, can be placed on the 
wheel in place of the defective tire. 


If one did not have a spare tire and rim along, then 
the tire and rim would have to be demounted, and 
the tire removed. It is easier to remove the split- 


rim type, than is the case with the side-ri ee 
detachable type. Side-ring quick. 
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There are many different types of one-piece, 
Straight-side demountable split rims. On some 
makes, instead of having a side-clamping ring (D) 
(Fig. 38), which is held tight in place by a clamp 
bolt (E), a wedged clamp is used, as shown in Fig. 42. 


Principle of the Demountable Split Rim 


This type of rim is the rim in general use on 
passenger cars. 


There are many different makes. Fig. 38, page 
598, shows the Firestone, type E. The one illus- 
trated below is the Stanweld No. 21 or 76. There 
are many others. The difference is chiefly in the 
method of seating the rim on the felloe band of the 
wheel, fastening it to the wheel, and the method of 
holding the split part of the rim together. Split 
rims are made demountable only. 


An example of how the Stanweld, No. 21 or 76, 
split rim is held together and separated, so that the 
tire can be removed from the rim,is shown in Fig. 39. 

A split rim is shown with a locking lever (C), The rim is 


called a “split rim” because it is not endless, but is cut through 
on one side. 


_ When the rim is removed fromthe tire, the locking lever (C) 
is thrown to one side as at (D). The rim is then pried out or 
lapped as at (E), and the tire is pulled off. 


Fig. 39 


When the rim is put back in place, the lever (C) is put in 
place as at (B). The type E rim (page 598) is of the split type, 
but has a different locking device. 


Another type of split rim is shown below in Figs. 40 to 41, 
and is similar, except for a different locking principle. We will 
use this type to explain how the rim and tire are demounted, 
and how the tire is removed from the rim and _ how replaced. 
The procedure is very similar on all types of split rims. 


How the Demountable Split Rim Is Held to 
Wheel 


The rim is held securely to the wheel by wedge- 
shaped clamps and bolts, as shown in Figs. 40 and 41. 
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Fig. 40 


The difference in construction of different makes 
of rims of this type is chiefly in the shape, or in the 
method of applying this clamp, and also in fastening 
the split part of the rim as explained in connection 
with Fig. 39. 


On the Firestone, type E, split rim (Fig. 38, page 
598), the clamp (E) is flat, instead of being wedge- 
shaped. The clamp (E) presses against a triangular- 
shaped clamping ring (D). With the type of split 
rim shown in Figs. 40 and 42 (the Baker) and many 
other split rims, the “clamping ring” as mentioned 
above is not used, the “wedge clamp” serving 
instead. 
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Fig. 42 


The purpose of the wedge clamp (see Figs. 40 and 
42) is to wedge in between the rim and steel rim on 
the felloe of the wheel. The tighter the bolt is 
drawn, the tighter it wedges. The wedge clamps 
are placed equidistant all around the side of the 
felloe of the wheel, and it is important that they 
be drawn equally tight all around, else the tire will 
be thrown out of line and will wabble. 


Example of Removing a Demountable Split 
Rim and Tire from Wheel 


The wheel used in this example is what is termed 
an “artillery type,” in which the spokes meet at 
the center and are bolted between the flanges of 
the metal hubs. A steel felloe is shrunk on the 
wooden spokes to carry the demountable rim and 
tire. 


Fig. 44 


Fig. 43 


Procedure: Jack up the wheel. Remove the dust cap and 
nut from the air-valve stem (A) (Fig. 43). With the rim 
wrench, remove all of the nuts from the bolts except the ones on 
either side of the tire valve. 


Insert the screwdriver end of the demountable rim wrench 
between the felloe and wedge clamp, to pry loose and remove 
(Fig. 43). After, the wedges have been removed, turn the 
wheel until the tire valve is in upper position, and pull the lower 
portion of the tire toward you until it clears the felloe suffi- 
ciently to raise up so as to disengage the valve-stem from the 


' felloe (Fig. 44). 
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Mounting Spare Rim and Tire 


The next procedure is to place on the wheel the 
spare rim and tire which should be carried on 
the “‘tire carrier” at the rear of the car, with the tire 
fully inflated. 


Procedure: Loosen the nut at the lower edge of the “‘tire 
carrier’ with a rim wrench and turn the lug until it clears the 
rim. Remove the air-valve stem-cap and nut, and lift the rim 
off the carrier. 


Insert the valve-stem in the proper hole in the felloe, and the 
driving stud in the driving plate (Fig. 43) and force lower part 
of rim on the wheel with the foot. Replace the two wedges 
opposite the valve-stem, drawing them up evenly, but not to 
their final position; then replace the remainder of the wedges 
and draw them up'evenly until all are tight. Note that the 
edges of the rim at the split are even and not more than 1/32’ 
apart. If the bolts are not tightened uniformly, the rim will 
run out of true. 


To Remove Tire from the Split Rim 


As an example, the Kelsey No. 110 split rim, as 
installed_ on the Studebaker cars, will be used. 
Note that the locking device of the split part of 
rim on this make is different from the locking 
device (C) (Fig. 39). 


It is not a difficult task to remove a straight-side 
tire from the rim, as used on Studebaker cars; 
nevertheless, we outline below the very best pro- 
cedure in order to reduce this labor to a minimum. 


First, be sure the tire is fully deflated, then loosen the bead 
of the tire thoroughly from the rim before proceeding with the 
following operations: 


Operation No. 1: Place a screwdriver between the locking 
plates of the split part of the rim, as shown in Fig. 45, and force 
the rim apart, by bearing up on the handle. 


Operation No. 2: With the rim slightly forced apart, as 
shown in Fig. 45, bear down on the handle of the screwdriver, 
so that one section of the rim will be telescoped into the other, 
as shown in Fig. 46. 


Tig. 45. Forcing split apart 


Lapping split. 


Fig. 47. Starting tire from rim. 


Fig. 48, Pulling rim from tire, 
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Operation No. 3: By means of a screwdriver or a tire tool 
remove the tire from the rim at the telescoped section (Fig. 47). 


Operation No. 4: Supporting the tire between hand and foot, 
as shown in Fig. 48, pull the rim from the tire with the other 


hand. 


To Mount Tire.on Rim 


Operation No. 1: In mounting the tire, place the rim on the 
floor, and, after having installed the tube in the casing very 
carefully, insert the valve-stem into the rim hole provided (Fig. 
49). 

Operation No. 2: By following around the tire, pressing with 
the heel of your shoe, the casing can be forced into position (Fig. 
50). 


Fig. 49 (upper) 
Fig. 51 (lower) 


Fig. 50 (upper) 
Fig. 52 (lower) 


Operation No. 3: With the rim still telescoped, force a screw- 
driver, or preferably a tire tool, between the casing and rim 
(Fig. 51) and slide around the entire rim, noting carefully if 
the flap is in proper position. If the flap is allowed to become 
folded over the bead of the tire shoe, a blow-out may result and 
expanding the rim and removing operation becomes difficult. 


Operation No. 4: By using a screwdriver (Fig. 52), and re- 
versing the operation as shown in Fig. 46, the rim can be locked 
in its proper position. 


Additional Pointers on Mounting Tires on 
the Split Rim 


To avoid tire troubles, mount the tire properly on 
the rim by observing the following: ea 


1. See that the tube is partially inflated when 
inserting. 

2. See that the inner tube valve does not leak. 

3. When inserting the tube, use tale to lubricate it. 

4. When the rim and tire are mounted on the wheel, 
draw the wedge bolts evenly, or the wheel will 

wabble. 

Before inserting the tube in the casing, see that 

there is no dirt or other substance in it which 

might injure the tube. Run your hand all the 

way around the inside of the casing. 


6. If the rim is rusty, scrape off all the rust you can, 
and then apply a coat of rim paint. 


A few pointers as to the method of i 
: ) { placing an 
inner tube in the casing and mounting the sanice 


on 


‘on the rim are given on the next page, 


~~ 
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Fig. 53. Inserting tube into casing: Sprinkle talc inside of 
casing, being careful not to use too much, or it will form balls. 
Then inflate the tube just enough so that it will assume sufficient 
shape to make it easy to handle. The tube is then put into 
the casing. A very handy tool for spreading the tire when 
inserting a tube is a ‘‘bead spreader’ shown in the illustration. 
Do not permit the tube to touch the ground. Dirt or grit 
may cut through. 

Fig. 54. Placing flap over tube: A flap is then placed as 
shown. Do not stuff it in and permit it to wad, but spread the 
bead with the hand as shown, and place it evenly and flat over 
the tube. If it wads, it may cut the tube. 


After the inner tube and flap are placed on the 
casing, then place the casing on the rim. Stand 
the rim up and insert the valve-stem through the 
hole in the rim. Next place the rim on its side, as 
shown in Fig. 55. 


Spare Rims and Tires 


We often see a spare rim on the rear of a car with an inflated 
tire on it. This indicates that the rim is of the demountable 
type, and that the wheels are of wood. 


These rims are usually of the one-piece, straight-side, split- 
type demountable rim. Any other type of demountable rim 
could be used, as, for instance, the side-ring demountable type. 


The Ford uses a demountable clincher rim of plain clincher 
construction without. side rings. 


Fig. 55. Forcing one side of casing over rim: Use a tire tool. 
One of the best tire tools obtainable is a piece of spring leaf; 
the longer, the better. With this tire tool, and by striking the 
bead of the tire (not the rim) lightly with a hammer, one side 
of the casing will go over the rim. 


When one bead of the tire is over, then start the other bead 
of the tire into the bead of the rim by means of the tire tool, 
and a few blows of the hammer. Use the tire tool first and do 
not use a hammer any more than necessary. When using the 
tire tool, be careful it does not injure the tube. 


INNER TUBE VALVE 
SHOULD BE STRAIGHT 


Fig. 55 (upper) Fig. 57 


Fig. 56 (ower) 


Fig. 56. Spreading the rim apart so that it will lock: There 
are many methods for joining the lap of the split rim where it 


telescopes. One method, and a good one is to use a jack as 
shown in Fig. 56. 
Fig. 57. Inner-tube valve not in correct position: This is a 


trouble which often occurs and is one that will not be noticed 
until the beads of the tire are on the rim. The valve should be 
perfectly straight. If it is left in the position shown, it will 
result in the inner-tube valve seat being torn from its base, and 
this might occur when the telescoped part of the rim is sepa- 
rated, as this will only cause it to be drawn farther. If not, it 
will tear sooner or later. 


The Stanweld Interchangeable Rim 


The Stanweld interchangeable rim replaces without alteration 
of band the following makes of rims: 


Stanweld 21 and 22 Dodge Bros. Standardized-Baker 
Stanweld 76 Perlman-Jackson Baker-Detroit 


This rim permits easy and quick tire changing, because the 
valve-stem does not interfere with the rim when collapsed. A 
screwdriver is the only tool needed. No new bolts, wedges or 
nuts are needed. 


_ Some of the popular cars equipped with flat-base rims which 
interchangeable rim will replace are: Ford (some), Overland, 
Maxwell, Dodge, Oakland, Oldsmobile, Buick, Paige, Chalmers, 
Mitchell. For a complete list seé pages 603, 604, 605, 606. 


WIRE WHEEL RIMS 


The wire wheel uses a rim which is not demount- 
able. Instead, the wheel itself is demountable. A 
spare wheel and inflated tire is usually carried on 
the tire rack at the rear of the car, and when tire 
trouble occurs, the wire wheel and tire are de- 
mounted from the axle and the spare wheel and 
tire are placed on the axle in their place. 


The type of rim generally used on wire wheels is 
the plain straight side rim which is permanently 
fastened to the wheel. The tire is removed from 
the rim by first removing the side ring (Fig. 58). 
The removal of this side ring is an operation similar 
to that shown in Fig. 22, page 595, except that a 
straight side rim is generally used instead of a 
clincher rim. If the wire wheel is of 30 x 34 size, 
it may have a clincher type of rim. 


If a spare wheel and tire are not at hand when 
tire trouble occurs, then the tire can be removed 
from the rim by jacking up the wheel and removing 


the side ring. 


SIDE RING 


Fig. 58. Illustrating how a hub cap wrench is always moved 
downward toward the front of the car when the hub cap is to 
be taken off, and toward the rear of the car, when put on. 
Note that the side ring is remoyed in order to detach a tire. 
The rim is not demountable, 
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Wire wheel hub nuts have right-hand threads on 
the left side and left-hand threads on the right side. 
A large hub-cap wrench is usually provided for 
removing wire wheel hub nuts. 


To Remove Wire Wheels—Front or Rear 


Jack up the wheel until clear of the ground and place the 
special wrench over the hexagon of the hub cap. Putting on 
the wrench releases the hub-cap lock-finger, so that the cap can 
be removed by turning toward the front of the car. 


The two hubs on the left-hand side of the car have right- 
hand threads, while those on the right-hand side have left-hand 
threads. The hub caps are marked with arrows pointing the 
direction they turn on. To remove, turn in the direction 
opposite to the arrow. 


Should the caps be so tight that trouble is experienced in 
loosening them, let the wheel down until it rests on the ground, 
to keep it from turning and then tap the end of the wrench for- 
ward with a hammer. When the cap is once started, jack up 
the wheel and unscrew the rest of the way by hand. After 
tne ae cap is removed, the wheel can be pulled straight off 
the hub. 


When replacing the wheel, be sure to push the wheel on the 
hub all the way, and see that the wheel draws up tightly on the 


inner hub. To screw the hub cap on, turn towards the rear of 
the car—in the direction of the arrow. 


Do not attempt to tighten the hub cap when the wheel is on 
the ground, as the weight of the car prevents free action of the 
wrench on the cap, and while the wheel may appear tight, it is 
only binding and will loosen with driving. en a clicking 
noise is heard in the wheels, it is generally the result of the hub 
caps not being drawn tight. 


Care of Wire Wheels 


It is never necessary for an owner to tighten or touch the 
spokes unless in case of accident. All spokes have the proper 
tension when they leave the factory. If new spokes are 
inserted, do not draw up too tightly with a spoke wrench. The 
new spokes should be only as tight as the ones already in, of 
the same length, and ring true with them. 


To keep wheels in good working order, they should receive 
the following lubrication: 


The taper of the inner hubs, both tapers in the wheel hub 
shells, and the threaded portion of the hub caps should be 
wiped clean and covered with light grease every thirty days. 
Also, occasionally look over the locks in the hub caps; place a 
few drops of oil in between the spaces provided for clearance. 
This will assist the locks to work freely and help to counteract 
the accumulation of dirt, dust, etc. 


DISK WHEELS 


Different wheel constructions are explained on 
page 3. 

The disk steel type of wheel is now very popular, 
and in order to explain the advantages of this type 
of wheel we will use the Disteel wheel as an example. 


DETACHABL 
SIDE RING 5 


VALVE-STEM 

LOCATION 

SHOWN BY 
RIVET 


Fig. 59. The Disteel wheel using the Goodyear ty i 
permanently riveted to the disk. s vae,ol rm 


The advantages of this type of wheel are as follows: 


Strength: Being disks of steel they have no spokes 
to break, 


Permanent rims: Rims are not de ountab 
are riveted to the disk, Pp game Out 


Curved and tapered disk: Shocks cannot be trans- 
mitted in a direct line to the axle, but are carried at 
an angle, thus deflecting the full force of the blow. 
The tapered construction of the disk diffuses the 
shock on the same principle as in the case of tapered 
roller bearings and springs. 


Proper distribution of weight: The weight of the 
Disteel wheel is concentrated at the hub, so that: 


the fly-wheel effect is lost and easy starting and 
stopping results. The contrary effect—throwing 
the principal weight to the rim—makes stopping 
and starting less easy. 


Convenience: Disk wheels are easy to clean and 
easy to change. 


The Disteel wheel itself can be removed by loos- 
ening the nuts holding the hub-locking flange. 


_ The method of changing a tire is to remove the 
side ring, or to carry an extra wheel with the tire 
mounted ready to replace the other wheel. Manu- 
facturers are Disteel Wheel Corp’n., Detroit, Mich. 


The Tuare Steel Disk Wheel 


_ Another make of steel wheel is the Tuare shown 
in Fig. 60. The wheel is made of steel. A patented 


Fig. 60. The Tuarc steel wheel with a demountable rim, 


clamping ring gives a full-circle grip on the de- 

mountable rim to be removed. Thus it is only 

necessary to carry an inflated tire and rim on the 

rear tire rack instead of a complete wheel and tire. 

Meera are Motor Wheel Corp’n., Lansing, 
Ich, / 
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TOOLS FOR TIRE CHANGING 


For tire changing in a repair shop the following 
tools are necessary: 


U8 CAP WRENCH 


oO 
4 GARAGE JACK 


UNIVERSAL 
RIM WRENCH 


Fig. 61-- 


A garage jack (Fig. 61-4); a universal rim wrench (Fig. 61-5) 
which is adjustable to 13/16’, suitable for all nuts on all 
demountable rims; wire-wheel hub-cap wrenches (Fig. 61-6) 
for Houck and Hays wire wheels; a blacksmith’s hammer, 
about 2 lb. (Fig. 61-7); alarge screwdriver; pliers for removing 
valve and dust caps (Fig. 61-8); tire tools (Fig. 61-9) for 
clincher one-piece rims, as used on Fords; a tire tool (Fig. 61- 
10), for removing and replacing casings, made of spring steel, 
1” x12”; anair compressor. If the shop is not equipped with 
a power air compressor, see the Jensen pump, page 622, Fig. 60. 


For a tire tool for work on all types of rims and tires, there is 
nothing better than a piece of spring leaf, the longer the better. 


Tig. 62 


A good jack is a necessity. With a good jack the heaviest 
car can be raised with the slightest pressure. This saves time, 
and will save the car from dropping at a critical time. 


A flat block should be placed under a jack when used around 
a car, to prevent it turning over and sinking in the ground. 


Addresses of Some of the Tire Manufacturers 


Write for catalogues. You will gain much information from: 
Amazon Rubber Co., Akron, Ohio; Diamond Rubber Co., Akron, 
Ohio; Federal Rubber Mfg. Co., Milwaukee, Wis.; Firestone 
Tire and Rubber Co., Akron, Ohio; Fisk Rubber Co., Chicopee 
Falls, Mass.; B. F. Goodrich Co., Akron, Ohio; Goodyear Tire 
and Rubber Co., Akron, Ohio; Hood Tire Co., Watertown, 
Mass.; Kelly-Springfield Tire Co., 229 W. 57th St., New York, 
N.Y.; Koochook Rubber Co., Kokomo, Ind.; Lee Tire & Rub- 
ber Co., Conshohocken, Pa.; Michelin Tire Co., Milltown, 
N.J.; Pennsylvania Rubber Co., Jeannette, Pa.; Republie 
Rubber Co., Youngstown, Ohio; Rutherford Rubber Co, 
Rutherford, N.J. 


INSTRUCTION No. 55 


TIRE CONSTRUCTION; CARE AND REPAIR OF TIRES: 
Vulcanizers; Tools 


CONSTRUCTION OF PNEUMATIC TIRES 


There are two kinds of pneumatic tire construc- 
tions: the “fabric,” and the “cord” construction. 


In the fabric construction the carcass is made of 
closely woven and interwoven cotton fabric. 


In the cord construction, the carcass is made of 
loosely woven cords and not interwoven. 


The fabric carcass type of tire can be constructed 
by two methods: the “full-molded” method, and 
the “wrapped” method._ 


The -full-molded method of construction is 
explained on page 609. It is built up on an iron 
core or mandrel, and is then placed in a mold (Fig. 
2), which in turn is placed in a hydraulic press vul- 
canizer, the object of the press being to close the 
halves, (L) and (U) of the molds tightly. With a 
full-molded type of tire, the entire construction is 
cured or vulcanized complete at one operation. 


With the wrapped-tread method, the fabric car- 
cass, Side walls, cushion and breaker-strip are formed 
or built up in the same manner as a molded tire, but 
they are semi-cured ( half-cured) only in this mold, 
After this semi-curing operation, the tire is removed 
from the molds (Fig. 2), and the part where the tread 
goes is buffed off and cemented with several coats 
of high-grade vulcanizing cement. A semi-cured 
tread is then treated with several coats of vuicaniz- 
ing cement and allowed to dry, after which the tread 
is applied to the carcass and is rolled down under 
pressure to remove all air, 


An air bag is then placed inside of the tire and 
the entire tire is wrapped tightly with canvas cloth 
strips about 2” wide. Then, instead of putting it 
back in the mold (Fig. 2), where it was semi-cured, 
it is placed in a horizontal vulcanizer (large kettle), 
and the final cure (vulcanize) with live steam is 
given, after which the tire is left standing until 
cooled. The canvas strips are then removed and 
tire is laid away for a few weeks to “after-cure.”’ 


A wrapped-tread tire can always be distinguished 
by the slightly roughened surface, which is the 
impression left from the cloth wrapping, 


The advantage of the wrapped-tread construction 
is the possibility of detecting if there are defects in 
the tire, as pinches or buckles, which ean be deter- 
mined before the tread is applied, which enables 
the manufacturer to turn out a perfect tire. This 
type of tire is more expensive to manufacture. 


The rubber used in making the tread and cushion 
stock of a tire consists of a gummy substance 
obtained from the milky juice of certain tropical 
trees, mixed with sulphur to tend to harden it and 
give it strength, When heated, it changes from a 
sticky mass resembling chewing gum, to the elastic 
form in which we see it in a completed tire, 


The best rubber is called Para, which comes from 
the city of Para, near the mouth of the Amazon 
River. Other good rubber comes from Africa, 
India, Ceylon, and South America, 


The white dust often seen on rubber goods is 
called ‘“‘bloom” and comes from the sulphur not 
chemically combined with the rubber. Old tires in 
stock a long time accumulate considerable bloom, 
and get hard. 


The strength of the tire lies in this fabric or cord 
carcass; the cushion and protection for the carcass 
of the tire is in the rubber. Sea Island cotton, 
which is very strong, is used for the carcass of the 
fabric tire, and cords are used for the carcass of 
the cord tire. 


Construction of a Fabric Tire 


The carcass, which is the strength of the tire, is 
built up by placing several layers (4 to 7) of closely 
woven cotton fabric on a mandrel or core-shaped 
like the inside of the tire. The carcass is dependent 
upon the tread, cushion, and breaker for protection 
(see Fig. 1). 


Cotton fabric is used because it is flexible, easily 
permeated with rubber, and is best adapted to resist 
heat. If too many layers of fabric were used, it 
would thicken the carcass, causing it to be stiff, and 
less flexible, and inside plies would break easily, 
and heat would be difficult to expel. Heat has a 
tendency to loosen the “frictioning”’ between the 
fabric plies. 


CARCASS 
4TO 7 PLIES 
FABRIC 


1. One layer or ply of fabric is placed over & core 
on which the tire is to be formed. 


2. A bead is formed by placing the lower edge of 
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On 


. A breaker-strip is then placed over the cushion. 
It is made of coarse loose-woven fabric, and it 
serves to ward off attacks of sharp objects that 
may penetrate the tread. When a tire wears 
through the tread, the “breaker” is exposed. 


6. A chaffing strip, consisting of a strip of fabric 
about 2” wide, is applied to the edge of and 
above the bead. 


7. Then the side walls, made of thin tough rubber 
(made thin to expel heat) are applied. 


8. The tread, made of thick tough rubber, is 
applied last. 


Fig. 2. 


Tron molds. 


9. The tire on the forming core is then placed in 
an iron mold divided into halves (see Fig. 2). 
The part (U) of this mold is placed over the part 
(L), covering the tire, and is fastened down. 


10. The mold with the tire is then placed in a 
cylindrical tank, or kettle, or hydraulic press 
vuleanizer, and “‘open cured.’’4 


11. Live steam is turned into this tank at a pressure 
of 50 to 60 lbs., which corresponds to about 
800° F. This tank holds from 25 to 30 tires. 


12. After curing, the tire is placed in storage to 
“after cure.” 


Construction of a Cord Tire 


The cord tire differs from the fabric tire previously 
described in that instead of Sea Island cotton or 
other closely woven and interwoven fabric being 
used for the carcass of the tire, cords are used which 
are loosely woven and not interwoven. 


There are two kinds of cord tires, the ‘cable 
cord,” and the “multiple cord.” 


The cable-cord tire is known as the Silvertown 
cord tire, and is a product of the Palmer Tire Co., 
of England, made in a suburb of London called 
Silvertown. ‘This tire is made in this country by 
the B. F. Goodrich Co., and the Carlise and Fiske 
companies. 


LY 


Inner Cord. 
Fig. 3. Construction of the cord tire. 


The multiple-cord tire is made by the Firestone, 
Goodyear, and some of the other tire manufacturers. 


1“Cyred”? means vulcanizing; ‘‘open-curing’”’ is a process 
where live steam comes in contact with the raw rubber, dry 
curing”’ is where steam is not in direct contact, uncured”’ is 
raw, unvulcanized rubber. 
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The difference between the cable-cord and the 
multiple-cord tire is in the size of the cords and 
the number of plies of cords. In the cable-cord 
tire there are two to four plies of heavy cable cords. 


In the multiple-cord tire there are six to eight 
layers or plies of smaller cords or threads. 


The cord tire is far stronger than the fabric tire, 
one principal reason being that the cord tire is not 
so closely woven or interwoven as the fabric carcass 
tire, and is therefore not broken so easily. The 
fabric tire is continually sawing itself, as if it were 
being bent back and forth, and eventually breaks. 
Another advantage is that a cord tire is not subject 
to stone bruises, as explained on page 610, as the 
cords all run one way and are not interwoven as 
fabric. The result is that they will give without 
breaking when the tire strikes a stone at high speed. 
In other words, the carcass will have the same ac- 
tion as the tread—it will stretch under a blow 
without breaking. 


For an example of the construction of the cord 
tire we will use the ‘“‘cable-cord” tire as shown in 
Fig. 3. 


The inner lining of a tire is made of a rubber 
sheet; then the first or inner layer or ply of cable 
cord is laid; then two sheets of pure gum are ap- 
plied to act as a cushion between this and the next 
ply of cord. 


The second or outer layer of cord is then applied 
at right angles, or at an angle of 45°, to the first 
layer; then two layers of gum cushion stock, then a 
fabric breaker-strip, and then the tread, are suc- 
cessively applied. 


The body or carcass of the tire, as will be noted, 
is made of two plies or layers of cords, instead of 
fabric. ‘These cords are made of cotton fiber, about 
the size of heavy sewing cotton, twisted into cords 
about the size of ordinary grocery store twine, but 
stronger. These cords in turn are woven into cables. 


Throughout the process, all units are impregnated, 
under heavy pressure (hundreds of pounds to the 
square inch), with a solution of pure, fine rubber. 
This has much the same effect as waxing shoe- 
maker’s thread. The solution permeates every 
fiber, being literally driven into it. 


Treads: There are two types of treads used on 
cord tires, the “ribbed tread” (Fig. 8, page 592) and 
the “safety” or “non-skid” tread. 


The air pressure carried in the cord tire is given 
on page 593. 


Cord tires are made in sizes which are given on 
page 594. 


Beads of tires are made for tires as noted on page 
595. 

A heavy truck tire of the cord type is made in 
sizes given on page 594. 


Airplane tires of the cord type are made in 26 x 4 
and 32 x 41% sizes. 


The cord tire is a higher-priced tire than the 
fabric tire, but is the popular tire, as it will outwear 
the fabric tire and is well worth the difference. This 
is due to its strong construction. Yet it is resilient 
and easy riding, and the cords do not break as 
readily as interwoven fabric. 


Gord tires can be made by the “molded” or by 
the ‘wrapped tread” method. 


Pew er 
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TIRE TROUBLES: CAUSES AND REMEDY 


Some of the tire troubles are: stone-bruises, 
loose treads, sand blisters, worn treads, chafed tires, 
rim-cuts, punctures, cuts clear through the carcass, 
blow-outs. 


Fig. 4.—Imside break in fabric at (R). Note the tire 
spreaders (W) used to hold the tire apart when examining or 
repairing it. \ 

Stone bruises are caused by the tire striking a 
stone at a high rate of speed, resulting in one or all 
layers of the fabric breaking, yet the tread may not 
even be cut. The inner tube works into this break, 
and a blow-out (Fig. 6) results. 


Tires have been known to blow-out while standing 
in the garage, as a result of a stone bruise, and it is 
no doubt often a mystery why it occurred. The 
reason is simple. The tire struck a stone, or some 
obstruction when running at a high speed, and 
the fabric being hard, broke at (R) (Fig. 4) on the 
inside of the tire, yet the tread showed no effect of 
thetrouble. Thisis termed astone-bruise. Examine 
the tires when off the rim and feel the fabric, inch 
by inch, for a weak spot. If a break has occurred, 
you can see it (Fig. 4). 


A temporary repair can be made by using ‘‘inner’’ and “‘outer’’ 
shoes (page 611), but it is advisable to repair as shown on page 
617, as a blow-out may occur even with this “inner shoe” 
covering the weak spot. 


The cord tire is not as susceptible to stone bruises 
because the cords are not. interwoven, or cross- 
woven, like.a fabric tire, and instead of breaking, 
they give. 


sand blister 
worn tread 


Fig. 5. 


i z Illustrating the different troubles that a tire casing 
is heir to, 

_ Sand blisters are caused by a small hole or cut 
in the tread through which sand and dirt work under 
the tire, causing it to pucker up. These will result 


in a loose tread if not closed up (see Fig. 5). The 
hole through which the sand worked into and under 
the tread may be several inches away. Close it up 
with a plastic substance called “tire dough,” or 
vulcanize tt. See page 621: ‘Sand-blister repair.’ 


Loose treads result from running a tire not 
properly inflated, or from moisture getting under 
the tread through a cut in the tread, or from a defect 
in the tire where the rubber compound is poor and 
does not adhere, or from setting brakes suddenly. 


Loose treads can be repaired, unless the tread is loose about 
one-third of the way. In this case a new tread must be applied 
—providing the fabric carcass is not cut (if it is, repair it first)— 
and providing layers or plies of fabric in the carcass are solid 
and are not separated. 


The molded type of tire is more subject to loose treads than 
the wrapped-tread construction. 


Worn treads in the center, or slightly to the side 
of the tire, usually are the result of driving in street- 
car tracks, wheels being out of line (usually on the 
front) caused by the steering knuckles being bent 
or the steering apparatus being out of order. See 
Index under ‘‘Alignment of wheels.’’ 


Chafed tires, usually worn on the side, result 
from driving close to curbstones, in street-car tracks, 
ruts, etc. This permits water to rot the fabric. 
Repair by rebuilding the side walls, and vuleanize. 


Rim cuts are the result of running the tire flat 
after a puncture, or running on the rim which 
damages the curve in the rim and which in turn cuts 
the tire at the rim just above the bead. Improper 
inflation is also a common cause. This permits the 
edge of the rim to cut the bead when the deflated 
tire receives a heavy jar. Rim cuts can be repaired 
if cut in only two or three short places, but if cut at 
sections all around the tire, then it cannot be re- 
paired. 


_ This refers to the old-style clincher rims. ‘Now that most 
tires are of straight-side construction, rim cutting is not as 
common a trouble as formerly. 


Punctures through tread and carcass, if small, 
will not cause damage to the carcass, but the tread 
should be closed by vulcanizing with the small 
vulcanizer while the tire is inflated on the car, or by 
some kind of plastic material, such as “‘tire dough,” 
being stuffed into it to keep water and sand out. 


Where tires are cut through the carcass, they 
can be repaired if the cut does not extend too long 
and the plies of fabric are not separated. The pro- 
cess of repairing is the same as for a blow-out repair 
(page 617). 


Retreading 


Retreading: It is no easy matter to form a correct j 
about any tire with regard to retreading. In some ee 
tire case may, appear to be sound, and yet may prove to have 
stone bruises in the carcass on inside examination, or the layers 
of fabric may be separated from each other. On the other 
hand, there are un oubtedly covers condemned, because of 


local damage, which if pr ] : 
retreading, properly examined, would be worth 


The age of the tire and condition of the fabric and 
the Lenten eine if it is worth while to retread. “The 
Strength of the tire isin the carcass. Th i 
ee SS. e rubber tread is merely 


Therefore the condition of the carcass must be de rmin: 
when deciding as to retreading. There are three ae bh 
determine: ” is the carcass badly cut in several Mace ut so 
don’t retread or repair; (2) are all the layers of fabric of the 
carcass together and not separated; sometimes these fabric 
layers separate and pucker up, owing to improper adhesion in 
manufacture, or to water getting under the tread and into the 
carcass; (3) is the tire rim cut badly? 
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Blow-Outs 


The greatest tire trouble is blow-outs. A blow- 
out is simply a hole blown through the carcass or 
fabric. There are two classes of blow-outs: those 
ee ause near the rim, and those in the tread or on 

e side. 


Fig. 6 


When a blow-out occurs it always leaves a weak spot. 


Fig. 6. 
Fig. 7. The tire is made thin here for a purpose. 


We will designate the first-mentioned as a “rim 
blow-out,” and the latter as a “tread blow-out.” 
Wherever a blow-out occurs, that spot always 
remains weak, because the fabric can never be 
joined again, but can be repaired (see page 617). 


Cause of rim blow-outs: A tire is made thin at 
the point shown in the illustration (Fig. 7), near 
the rim, for a purpose. Very nearly all the ‘‘bend” 
and “give” is at this point. Ifit was made thick and 
heavy, it would break; therefore, it must be thin 
and flexible. 

If you were to take a wire and bend it quick and often, it 
would get hot and break. The same is true with this bending 
point of the tire near the bead—especially if the tire is not 
properly inflated. 


Inside breaks in the fabric are due to stone 
bruises and to running the tire improperly inflated. 
If you were to take a deck of cards and bend them back and 
forth, it would be noticed that the bottom cards would receive 


most of the sawing strain. Just so with the several plies of 
fabric, when the tire is not properly inflated. 


Keep the tire inflated, therefore, and many of 
the tire troubles will be avoided. 


A tire may look sufficiently inflated and yet have 
only 40 pounds of air in it, when it should have 70. 
No amount of kicking, feeling, or looking will tell; 
the only sure way is to have a reliable air gauge. 


Tread blow-outs are the result of cuts on the 
tread and of stone bruises. Cuts and jabs on the 
tread of tires permit dampness, oil, or dust to get 
between the rubber and the fabric, which soon rots 


and weakens it. 


Tnasmuch as the fabric must sustain the air pres- 
sure, a weak place in the fabric is enlarged by the 
pressure, and a blow-out is the result. Once a blow- 
out occurs, it can never be repaired so that it will be 
as strong as it was at first. 
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_ Therefore repair cuts in the tread and examine 
tires for internal fabric cuts caused by stone bruises, 
when the tire is off the wheel. 


External cuts in the tread can be vulcanized while 
the tire is inflated and on the wheel, and the work can 
pone ee with the small vulcanizer shown on pages 

De 3 


A temporary repair of a blow-out or of an internal 
fabric cut, or of weak places in the carcass, can be 
effected by inserting an inner shoe between the 
inner tube and the carcass and an outer shoe over 
the tread (Figs. 10, 11, and 12). The defect should 
be repaired as soon as possible, however, as a cut in 
the fabric will soon work larger and cause a blow- 
out from rim to rim. 


_ How to get additional mileage or service out of old 
tires: Very nearly every motorist has one or more 
old tires which is of no use. These old tires can be 
made serviceable again by placing inner shoes inside 
of the tire, covering the weak spots or holes, and 
then placing reliners inside of the tire over those 
reinforced places (see Figs. 8 and 9). Reliners are 
hard on inner tubes and are not advisable to use in 
new tires. ‘They should be used only for temporary 
repair of old tires. 


Inner Shoe 
or Blow Out 
Patch, also 
for Stone: 
bruised Cases 


Fig. 10 


Fig. 8 (upper) 
Fig. 9 (lower) 


Tig. 8. Insert an inner shoe for small blow-outs or weak 
places in tires. 


Fig. 9. For bad cuts or large blow-outs, or when using an 
old or worn-out tire. First insert inner shoes over the holes, 
then the reliner in the inside of the tire, as shown. 


Fig. 10, Inner shoe, to go on the inside of the tire to protect 
fabric cuts, breaks, or weak places resulting from small blow- 
outs or stone bruises or rough spots, and also as a protection to 
rim cuts, Made of 3-ply fabric with wings, to go under the rim. 


TORU TT 


Outer Tire Bleeve 
for Clincher Tire 


{ Outer Tire Sleeve 
; for Straight Bide 
\ Tire 


Fig. 12 


Fig. 11 


Figs. 11, 12. Outer shoe, to be placed temporarily on the 
outside of the tire when it is cut or damaged, until vulcanized. 
Note that the lower part fits under the rim for a clincher, and 
under the tire for a straight side. 


CARE OF TIRES AND TUBES! 


Proper inflation: Keep tires inflated to the pres- 
sure recommended by the maker (see page 593). 
Nothing ruins a tire so quickly as running it so soft 
that the canvas continually bends. It is almost 
impossible to over-inflate a tire with a hand pump. 

Running a flat tire, even a short distance, is sure 
to be costly. Better run on the rim, very slowly 
and carefully, if imperatively necessary, and the 
distance is short, 


Keep grease and oil away from your tires and 
tubes always. They destroy rubber. 


1A useful and valuable booklet, Care and Repair of Tires, 
issued by the Firestone Tire Co., Akron, Ohio, will be sent free 
on request, by writing this firm. A good deal of beneficial in- 
formation is contaiaed therein. Also write B. F. Goodrich Co., 
Akron, Ohio. : i an 

A book well worth the price of $1.50 on Tire Repairing and 
Vulcanizing can be had of A, L. Dyke, Pub., Granite Bldg., 
St. Louis, Mo, 
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Speedy deflation demands instant attention. 
Carry an extra casing and inner tube. 


Equalizing traction: It is important that tires of 
the same diameter be used on the rear wheels. 
Furthermore, special treads and chains should be 
used in pairs. If there is a variation in the diameter 
of the rear tires or in the traction of the wheels, the 
differential is caused to work whenever the car is in 
motion. In this way, considerable power is lost, 
and the differential parts are unnecessarily worn. 


Alignment of wheels: It is very important that 
the wheels should be in alignment. If they get out 
of line, the tire treads will wear in a very short while. 
As usual in this case, the tire manufacturer will not 
guarantee or rebate on a tire tread ruined by wheels 
being out of line. See Index for ‘‘Alignment of the 
wheels.”’ 


Wheels running over a fraction of an inch out of 
alignment cause a grinding wear on the rubber. 
Front wheels suffer most. 


Side skidding and rounding corners rapidly will 
cause rim cutting. Avoid running in car tracks. 


Setting brakes suddenly, causing the tire to drag, 
causes loose treads, and worn treads, and damages 
the tire. Always set brakes gradually. See Index 
under ‘“‘Brakes.”’ 


Do not drive in the ruts or bump the side of the 
tires against the curbing or pavements, and don’t 
start your machine with a jump. 


If one of your tires sustains a cut to the extent of 
exposing the fabric, an emergency band or patch 
should be applied at once. 


Keep an odometer record of the mileage of each 
tire. You will find that you are getting better 
mileage than you would otherwise imagine. 


Keep rims in good order, straight and true. Rust 
is destructive. Paint preserves. 


The rims, if rusted, should be thoroughly cleaned 
and sandpapered, and then painted with liquid 
graphite (common stove polish will answer). Also 
apply to bead of tire. 


Inner tubes: Carry them in the coolest part of 
the car, away from oil cans and tools. The best 
protection is a soft bag, well dusted with soap- 
stone, in which the carefully folded tubes are put. 
See page 613, “How to fold an inner tube.” 


Unless some pressure is retained however, the 
tube will have a tendency to crack when again 
inflated, if left folded for a long time. 


Occasionally examine your tires and remove 
small pieces of glass, etc., that may have become 
lodged in the rubber. They are likely to work their 
way through, and cause a puncture, 


Spare tires should be kept in a place where they 
are not subjected to light, heat, or rapid changes in 
temperature. 


Nothing will wear a tire faster than sudden lock- 
ing of the rear wheels with the brakes, and turning 
corners at considerable speed. Use your brakes 
with judgment, and turn corners slowly. 


Never allow a tire to wear until the canvas fabric 
becomes injured, because the wall of the tire is prone 
to become too thin to prevent the pressure of the 
Inner tube from bursting through the weak portion. 
Remember that the strength of the tire is in the 
fabric. The rubber is merely a binder which unites 
the various layers of fabric and forms a covering over 
the whole. 
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To make old tires resilient: Apply an ammonia 
solution with a rag to the tire or tube. Through 
application of this solution, the tire or tube will 
regain all the properties of a new one. 


Tire paint! for painting the inside and outside of 
tires is mixed as follows to make 1 gallon: Mix 1 
quart of gasoline and 5 Ibs. of whitening, stirring 
until thoroughly mixed. Add 1 quart of No. 1043 
Firestone cold-patch cement (or any other cold- 
patch cement) gradually, and stir until mixed. 


The solution is applied with a brush and leaves a 
white surface which will not crack because of the 
elasticity of the cement. 


Another similar tire paint, for finishing the inside 
of a tire after repairing, may be made by mixing 
thoroughly one gallon gasoline, one half-pint C-35 
cement, 114 lbs. soapstone, and 1% |b. whiting. 
Many successful repairmen are using this formula 
with the best of results. 


Inner Tube Pointers 


The cross-sections of inner tubes are made a 
little smaller than the normal air space inside of 
the cases. It is not, therefore, advisable to use a 
414" tube in a 4” case. This usually wrinkles and 
creases the rubber with bad results. Do not use a 
4” tube in a 414” case for any length of time. When 
this is done the rubber is required to stretch too 
much, and the heat and the action resulting from 
displacement of air in the tire quickly use up the 
nerve and life of the tube. 


Lubrication is most important to the conservation 
of the tube, but it is a matter that is given least 
attention. Practically all tire manufacturers treat 
the inside of cases with a white solution to prevent 
tubes from sticking to the casing, and to reduce 
the frictional wear. A good lubricant, however, 
should also be used. 


A gray inner tube is not colored. The best gray 
tubes use pure Para gum with sulphur, to give it 
strength. This sulphur causes a “bloom,”’ or white 
gray dust which gives it the color. 


A red inner tube has been dyed to give it color, 
and instead of sulphur, antimony is used, which will 
stand a greater amount of heat. Heat causes rub- 
ber to harden and crack. Gray tubes stick to Cases; 
red tubes will not stick as freely. Therefore, the 
advantage of a good red tube lies in these two points. 


soapstone and quite as effective as graphite, as well as more 
The lubricant should be es aes with a 
and also on the 


The life of an inner tube—if of good rubber—should be two 
years. As the tube grows older, the rubber becomes hard and 
porous, and finally reaches the “past repair” stage, which is 
peace through constant slow leaks. New tubes are then 
advisable. 


How to preserve extra inner tubes: Deflate tube and fold, 
as shown in Fig, 13; powder the tube with a generous amount 
en pein negecy shen wrap i a piece of canton flannel or 

eesectoth and pack in a small wood box with lidi b 
This will protect the tube indefinitely, le cee 


1A liquid tire paint called “Nitrex’’ i 
: 1 protects spare tires 
gives a handsome finish to the tire, and protects it f ie 
orating. See also page 647. e ee 
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Fig. 14 


Fig. 13. To fold an inner tube: Remove ‘‘inner-valve,” 
then roll slowly as at (A) and (B) to exclude air, men ley 
flat and fold as at (C), (D), (E), and (F). A flannel bag is 
suitable for carrying extra tubes in. 


Fig, 14. Four-in-one valve tool: die for recutting threads 
for valve cap; tap for inner-valve threads; inner valve remover, 


Inner Tube Troubles 


Slow air leaks from a tube are sometimes traced 
to the “inner-valve”’ leaking. 


radi ¢depebui 


Fig. 15 


Fig. 16 


Fig. 15. To test an inner valve for a leak: inflate the tube; 
place the end of the valve, with valve-cap removed, in a glass 
of water: if bubbles appear, the inner valve leaks. Put in a 
new one. 


Fig. 16. To test an inner tube for a leak: partially inflate 
the tube and place it in a pan of water; air bubbles will appear 
at the leak. Mark leaks with indelible pencil. 


To test the base of a valve for leak, submerge the valve part 
of the tube in water, with the tube partially inflated. 


To test for an inner-valve leak, inflate the tube 
and test, as shown in Fig. 15. If leaky, try cleaning 
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the inner valve, and screwing down tight. If this 
oe not remedy the leak, then put in a new inner 
valve. 


A slow leak may also be due to the valve-stem 
base being loose, or to the inner tube rubber being 
porous, through age. Old tubes in time harden, 
become porous, and leak slowly. 


To test for valve-stem or slow leak or puncture 
see Fig. 16. 


_The average life of a tube is from twelve to 
eighteen months, perhaps two years; but once it 
begins to harden, it is advisable to replace it with 
new tubes. 


_ Punctures may result from a puncture through the 
tire from outside, or it may result from rough places 
inside of the case, such as soapstone balls, ete., or 
from the tube being pinched. 


Tube pinching: This is one of the most common 
causes of damage to inner tubes. Many tubes are 
pinched beneath the bead of the tire or beneath the 
staybolts (see page 596, EH and F); see also “stone- 
bruises,”’ page 610. 


The valve may leak: It sometimes happens that 
a tire becomes deflated because of a leaking valve, 
and the condition may easily be supposed to be due 
to a puncture. If no visible sign that the tire has 
been penetrated is discovered, a test of the valve- 
stem can be made without removing the inner tube, 
by putting a few drops of water in the valve-stem. 
Bubbles will indicate a leak, or the valve can be 
tested as shown in Fig. 15. 


If such is found to be the case, the valve parts 
should be tightened with the notched cap (B) of 
the valve-stem inserted in the valve and used as a 
wrench, as shown in Fig. 5, page 591. 


If this does not remedy the trouble, entire new 
inner-valve parts (A) (page 591) should be put in 
place. Every repair kit is supplied with them, and 
they as well as caps (B) should be kept in the kit 
constantly. 


METHOD OF REPAIRING INNER TUBE 


In a case where the inner tube is punctured, but 
the casing practically uninjured, as in the case of 
puncture by a nail or tack: First of all, satisfy 
yourself that the tack or nail is not sticking in the 
casing, for if it is, your repaired tube will be punc- 
tured again before you have gone 1,000 feet. Hav- 
ing done this, the inner tube may be removed 
(wholly, or in part, as may be necessary) and either 
repaired or replaced. 


There are two methods of repairing an inner tube: 
(1) by cementing a patch over the puncture, and (2) 
by vulcanizing. The cement patch does not hold, 
and will leak in time; but the vulcanizing of the 
tube, as shown on pages 614, 615, will make a 
permanent repair. The best. plan would be to 
insert a new tube and vulcanize the damaged one 
later. An inner tube properly vulcanized is as good 
as new, but it is much easier to make the repair at 
home. 


Do not carry inner tubes in the tool box where 
they are liable to be bruised or otherwise injured. 


The modern method is to have a spare rim with a 
tire inflated, ready to put in place of the damaged 
tire, as previously explained. Without this equip- 
ment, it will be necessary to repair the tube, or to 
put in a new one. 


Cementing a Patch 


If a cement patch is necessary, owing to the absence of a 
vulcanizer, then proceed as follows: 


Select a patch of the right size, that is, large enough to extend 
three-fourths of an inch or an inch beyond the puncture in each 
direction. Wipe off every trace of moisture or bloom, and 
roughen with emery cloth the surfaces to be joined. Apply 
two coats of cement to the tube surface and to the patch, 
removing with the fingers all superfluous cement; the less of it 
there is, the quicker the repair. 


Allow the cement to dry until it adheres strongly to the fingers 
(five minutes at least will be needed), then, and not until then, 
apply the patch; compress strongly and look carefully to see 
that the edges of the patch do not loosen. 


Before putting back the tire, assure yourself that the cause 
of the puncture is removed, such as a nail or tack or rough spot 
inside of the casing, or else the tube will puncture again. 


Note. Never try to join two surfaces while they are still 
damp, for rubber cement joints are of no value unless every- 
thing is dry. Never apply friction fabric to an inner tube, but 
always a patch of pure caoutchouc. Friction fabric is not 
air-tight. é 

Even though a sound tube has been inserted on the road, 
the punctured tube should be mended promptly to be ready 
for another emergency. ‘There is scarcely a limit to the number 
of repairs a tube will bear, but patches applied with cement 
cannot safely be considered permanent repairs. It is a paying 
investment to make vulcanized repairs as opportunities present 
themselves. 


When a patch becomes loose: It will sometimes happen that 
a tire will become partially or even entirely deflated without 
apparent cause—that is, without any nail or other puncturing 
instrument being visible. If you have had experience with 
occurrences of the kind, you will immediately suspect a loosened 
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patch, and proceed to verify your suspicions. Partly inflate the 
tire, and your ear will tell you whereabouts the leak is. Re- 
move only as much of the casing as will enable you to attack 
the job conveniently. You will very likely find that, although 
the air has burrowed a small channel between the patch and 
the tube in one place, other portions of the patch are holding on 
tenaciously. Why aninner tube patch does not stick uniformly 
all over, is something that no one ever could understand. 


A drop of gasoline applied with care does wonders in per- 
suading the patch to peel off, and afterward, in cleaning the 
surface of the tube; but do not apely the solution until you 
have well roughened the place with sandpaper. Put the old 
patch away for future use, and apply a fresh patch and two 
coats of solution; spread on thinly and rub in well, especially 
the first (you cannot rub the second coat hard, or the lot peels 
off); squeeze the patch and tube together as hard as possible 
with finger and thumb, beginning in the center of the patch 
and working out to the edges. You may hold a block of wood 
under the tube and beat the patch with a hammer if preferred, 
but go gently. One motorist belabors his patches unmerci- 
fully, and says they never come off. Judicious beating does 
no harm, and screwing up in the vise between two pieces of 
wood and leaving all night also works wonders. 


Vulcanizing Inner Tubes 


Cement patches are only temporary or emergency 
repairs. The tube should be vuleanized. 


A small vulcanizer, as shown in Fig. 19, below, 
can be used for vulcanizing inner tubes, which is a 
very simple operation. The tube is cleaned around 
the puncture and coated with vulcanizing cement. 
Then a piece of raw rubber, the same as that from 
which tires are made, is placed over the puncture. 
The vulecanizer is applied as shown in the illustra- 
tions (Figs. 19, 29, page 616), and heat is applied for 
about fifteen minutes, the actual length of time 
depending on the kind of vuleanizer that is used, 
and the thickness of the rubber being vulcanized. 


For small cuts, sand blisters, etc., on tires, this 
vulcanizer will also answer, but for blow-outs and 
large cuts in tires a larger vulcanizer is necessary. 


By giving cuts on casings a little attention now 
and then, tire mileage can easily be doubled or 
trebled. Small cuts, neglected, admit dirt and 
water to rot in the fabric until a blow-out occurs 
that ruins both tube and casing. The only sure 
remedy is vulcanization, which, in many instances, 
can be done while the tire is on the wheel inflated. 


What Is Vulcanization? 


Vulcanization is the process of cooking or curing 
raw Paragum. Exactly asin baking a loaf of bread, 
the best results can be obtained only when the proper 
amount of heat is used. 


The temperature ranges from 250° to 300° F 
about 265° being considered best. 


= 


It requires 15 to 20 minutes to vulcanize a layer 
of Para 1/ 16” thick at 265° F. temperature, and 5 
additional minutes for each additional Iya 


It is immaterial whether the vulcanizer be heated 
by electricity, gas, gasoline or steam. The idea is 
to keep the vulcanizing surface at a steady and 
proper degree of heat. 


Small Vuleanizing Outfits 


There are several standard types of small vul- 
canizers available. They are designed with a view 
to supplying machines that are adapted to the most 
convenient sources of heat. On the road, gasoline 
is always available; therefore for tube work and 
small casing repairs a gasoline-heated vulcanizer is 
handiest. Where there are electric lights, they 
naturally suggest the cleanest and handiest heat. 
Motorists who have city lighting current in their 
garages prefer the electric vulcanizer, on account of 
its convenience and large capacity. Most of the 
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work is done at home, and an electric vulcanizer, 
which has its heat controlled automatically and 
maintained as long as desired (an essential feature), 
has this advantage that, by leaving it on a tire as 
long as is necessary, the thickest tread repair can be 
cured clear through, aside from being able to make a 
superficial repair. Successive repairs can be made 
without loss of time, as the vulcanizer can be moved 
from one tube to another. 


The following will clearly explain the method of tire repairing. 
It is the writer’s intention to deal with the vulcanizing subject 
only in an elementary way. To those interested in the tire 
repair business we suggest writing to C. A. Shaler Co., 22 Jef- 
ferson St., Waupun, Wis., for a copy of their very complete 
books How to Open a Tire Repair Shop and Care and Repair 
of Tires. We recommend also writing to Williams Fdry. & 
Machine Co., Akron, O.; Akron Rubber Mold and Mchy. Co., 
Akron, Ohio; Lowell Mfg. Co., Lowell, Mass., for additional 
information. 


To Vulcanize an Inner Tube with a Small 
Gasoline or Alcohol Vulecanizer 


Preparation of tube and patch to repair a punctured tube: 
Clean the spot around the puncture about two inches in diam- 
eter with emery paper; then wash off clean with gasoline. 
Cut sufficient repair rubber to cover the puncture, and dampen 
with gasoline the surface of the rubber to be applied to the tube, 
allowing it to dry thoroughly. Then apply the repair rubber 
to the tube directly over the puncture, as illustrated in Fig. 17. 
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To repair a rent, pinched, or torn tube: Shear off the damaged 
part to a beveled edge, and follow the cleaning and washing 
instructions given above. A piece of repair rubber the exact 
size and shape of the hole must be placed in position, and 
another piece of repair rubber larger over all than the hole must 
be placed on the damaged part, as illustrated in Fig. 18. 


Care must be taken that the tube is thoroughly cleaned with 
emery paper and gasoline, and that the surface of the rubber 
applied to the tube is washed with gasoline and allowed to dry. 


To apply the vulcanizer: Clamp the vulcanizer directly over 
the prepared tube and fasten securely and uniformly with the 
thumbscrews, being careful to have the patch centralized be- 
neath the vulcanizer, as illustrated in Fig. 19. 


Operation of vulcanizer: After preparing the tube as in- 
structed, attach the vulcanizerasshown. Stand the vulcanizer 
on the bench, running-board, or floor. Pour the gasoline be- 
tween the heating flanges, using the measure furnished, and 
light it. After the flame goes out, which will be in about ten 
te oh let the vulcanizer cool a few minutes and the repair is 

one. 


When vulcanizing a casing, clamp the vuleanizer in place 
with the chain furnished with it (Fig. 22). Heat the vulcanizer 
with the cylindrical lamp which is furnished. There is no ex- 
posed blaze and no chance to spill burning fuel, so that it is 
perfectly safe to vulcanize a tire while inflated on the wheel. 
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To Vulcanize Slight Cuts in a Tire 


_ The small vuleanizer (Fig. 22) can also be used for vulcaniz- 
ing small cuts, etc., on treads of tires, as explained below. 


To prepare casing and patch: Thoroughly cleanse the cut or 


' tear by using sandpaper or a pocket knife, and wash perfectly 


clean with a rag, using gasoline. Cleanse a layer of repair gum 
with gasoline, insert it in the cut, and trim it flush with the 
casing. If the injury is void of material, then build up even 
with the casing by cleaning each layer of repair gum with gaso- 
line and firmly pressing into place. 


Fig. 20. 


Clean with gasoline. 


_Fig. 21. Get dirt out; then cut the old rubber away, and 
give another cleaning. ‘ 
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To apply vulcanizer: Firmly clamp the center of the vuleani- 
zer directly over the prepared patch, using care to have the 
patch centrally located against the face of the vulcanizer as 
illustrated in Vig, 22. Before applying the vulcanizer, its 
face may be dusted with soapstone or talcum powder, or a cake 
of ordinary soap can be rubbed against it to prevent the repair 
gum from sticking. 


Fig. 22. The Shaler tourist’s gasoline or alcohol vulcanizer, 
vuleanizing a cut on the outer casing, 


EXAMPLE OF AN INNER TUBE REPAIR WITH A SHALER PORTABLE ELECTRIC 
VULCANIZER 


Vulecanizing Inner Tube Punctures 


Clean the tube thoroughly with gasoline and 
coarse sandpaper (see page 614). Cement the edges 
of the hole and apply a thin layer of cement. Let 
the cement dry. 


If the puncture is a small hole, fill even with the 
surface of the tube with layers of Para rubber cut 
the size of the hole. Cut a patch of Para 14” larger 
than the hole or puncture, and apply over it. Then 
cut another patch 1%’ larger than the hole and 
apply over the first. Cover with waxed paper and 
apply the vulcanizer. 


Fig. 23, Repairing a tube puncture. 

Edges of punctures or small holes should be 
beveled with scissors to make a larger uniting sur- 
face and to provide room for the new material. 
Repairs of this sort are to be vulcanized for fifteen 
or twenty minutes at 265°F. 


Inner Tube Cuts and Tears 


Clean as directed, both inside and outside of tube; 
coat edges of the cut and inside and outside of the 
tube with cement, and let dry. 


Fig. 24, Repairing a slit in the tube. 


Cut a strip of Para rubber as wide as the tube is 
thick, and stick on the edge of the cut; cut a strip 
one half-inch wide, place inside of the tube under 
the tear, bring the edges of the tear together, and 
stick them down to this strip. (The use of semi- 
cured stock for the inside patch is preferable, as it 
obviates the use of paper inside the tube.) Apply 
another strip of Para rubber, one half-inch wide on 
the outside of the tear. Vulcanize for twenty-five 
minutes. Cover the repair with waxed paper before 
vulcanizing. 


Repairing a tube blow-out. 


Vig. 25. 


Blow-Outs in Tubes 


When mending large, irregular bursts or blow- 
outs in which a piece of rubber has been blown out 
of the tube, the best method is to trim down to a 
clean, solid surface, making the hole somewhat 
regularin shape. The hole may be filled with layers 
of Para rubber cut to fit. 


Inner Tube Splices 


It often happens that, when a tube is badly torn, 
it ig easier to cut out a section and replace it with 
a new piece of tube. In making repairs of this kind, 
be very careful not to alter the original length of 


the tube. 


Fig. 27 


Fig. 26 
Fig, 26. Splicing an inner tube; showing tube ready to lap. 


Fig. 27. Tube after lapping. 
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Clean the outside of one end of the tube for about 
four inches. Fold back the other end, turning the 
tube inside out, and clean for the same distance. 
Apply at least three coats of cement to each end. 
(Fig. 26.) A repair of this sort requires a consider- 
able amount of cement if no Para rubber is used, 
because the adhesiveness of the joint depends upon 
the cement alone. A narrow strip of Para between 
the two tubes will add to the strength of the joint. 
Butt the open end against the folded end, and tele- 
scope the latter over it. Vulcanize in three opera- 
tions, the first for twenty minutes, the last two, 
fifteen minutes each. A block should be used 
underneath the tube, to prevent pinching the edges 
of the tube. The vulcanizer is placed on top. 


Valve-Stem Seat Repair 


Select a good place on the tube, then clean a space 
about 4’’x 214”, and cut a hole about 14” in diameter. 

Remove the parts from the valve-stem and stretch 
the hole in the tube over the base of the valve-stem. 
Push the stem clear through into the tube. It is to 
be kept inside and away from the repair until after 
vulcanization. : 


Fig. 29 


Fig. 28. Valve-stem seat repair. 
Fig. 29. The electric vulcanizer is connected toa lamp socket. 


Cement the entire clean surface around the hole in 
the usual manner. 


Cut an oval or diamond-shaped piece of Para 
about 2” x 3’, having a hole in the center to corre- 
spond with the hole in the tube. Roll it down on 
the tube so that both holes register. Cover with a 
layer of blow-out canvas of the same size and shape. 
Cover all with another layer of Para rubber 14” 
larger all around than the first. Vulcanize forty 
minutes. Shake the valve-stem on the inside of 
the tube to the vicinity of the hole, and force it 
through the opening until the base’ rests against 
the inside of the tube; then slip the clamp disk 
(S-T) and spreader (L) (Fig. 8, page 591) over the 
valve-stem, andfasten them securely with locknut (P). 


Pointers When Vulcanizing Inner Tube with 
Steam Vulcanizer 


The time required for vulcanization is determined 
by the depth of the new material inserted, and not 
by the size or area of the repair. The following is 
based upon the maintenance of a uniform steam 
pressure of 45 pounds. 


If the tube is in a very much worn condition, place 
a piece of rubber tubing larger than the pad under 
the pad, and vulcanize at a lower steam pressure 
and more slowly. With a steam pressure of 45 lbs.: 


For tubes 1/16” thick, vulcanize for 7 minutes. 
For tubes 1/12” thick, vulcanize for 8 minutes. 
For tubes 1/10’ thick, vuleanize for 10 minutes. 
For tubes 1/ 8” thick, vuleanize for 13 minutes. 


How to test a repair: Test the part vulcanized by 
pressing the thumb nail into it. If it is responsive 
and elastic to the touch and resembles the rest of the 
tube in this respect, it is perfectly vulcanized. df, 
however, it clearly retains the mark of the nail, it is 
under-vulcanized and should again be placed in the 
vulcanizer and given a longer heat. It is best to 
add time, not temperature. 
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Fig. 31 


Fig. 30. A rack for vulcanizing different sized tubes. This 
device can be used in connection with the small tube vulcan- 
lzers. (Motor World.) 


Fig. 31. Sometimes the inner-valve core becomes immoy- 
able from the stem. The diagram explains how to remove. 
(Motor Age.) 


TIRE REPAIRING AND VULCANIZING! 


As previously stated, it is the writer’s intention 
to deal with the vulcanizing subject only in an 
elementary way. The tire repair business is one 
in which expert knowledge can be gained only by 
actual experience. The material following, how- 
ever, will give one an idea as to the principle, and 
also of the equipment for small shops and how to 
make all ordinary repairs. 


There are several methods of vulcanizing. It is 
immaterial whether the vulcanizer be heated by 
electricity, gas, gasoline, or steam. The idea is to 
keep the vulcanizing surface at a steady and proper 
degree of heat. The steam vulcanizer, of course, 
is used in the larger vulcanizing shops. 


Troubles Which Necessitate Tire Repairs 
Owing to external causes: 


1. Tread cuts, which permit dirt to work under the 
tread and cause “loose treads” and “sand 
blisters.” The moisture also rots the fabric and 
weakens it. 


1 The following books are recommended to those who desire 
more information on tire repairing: Tire Repairing and 
Vulcanizing ($1.50); Tires and Repairing ($2.00); Tire 
Business Answered ($2.50); Better Tiremen ($2.00) (sold 
only with the complete set named above); all by .Tuford. 
Address A. L, Dyke, Electrical Dept., Granite Building 
St. Louis, Mo. i 
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2. Cuts clear through tread and carcass: When a 
cut is made through tread and carcass it is a 
perfect cut, but if blown out, the edges are 
ragged. 

3. Fabric broken and weakened inside, through 
striking a stone on the tread of the tire. 


4. Blow-outs are the result of surface or tread cuts. 
The admission of moisture causes the fabric to 
rot, and the pressure of the tube blows through 
the weakened place with a loud report. 

The blow-out is also frequently attributed to a 
“stone bruise,” as explained on page 610. 


5. Broken back is a serious and common injury, 
and is the result of insufficient inflation. The 
layers of fabric separate. This might be termed 
a ‘fabric separation.” 


Importance of Repairing Slight Cuts on Tires 


A set of tires should be gone over at least once 
every two weeks, and the cuts in the treads of the 
casings should be sealed up by vulcanizing them. 
This can be done with the tire inflated and on the 
wheel. In this way deterioration of the fabric is 
prevented, and the tires will give a mileage three 
times as great as that usually given. 


Fig. 33 


Fig. 35 


Fig. 34 
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A tire in which there is a small cut and a “sand- 
blister” or pocket is shown in Fig. 32. If not 
repaired at once, sand, dirt, and water will be forced 
into it and rot the fabric until it becomes so weak- 
ened that the inner tube will blow out through it 
and ruin the casing. 


The gash being cleaned and filled with new, live 
Para rubber is shown in Figs. 33, 34. 


The Shaler portable electric vulcanizer in place 
on the tire is shown in Fig. 35. Note that it has 
not been necessary to remove the tire from the rim. 
The vulcanizer is left in the position shown for 
thirty minutes. The portable electric vulcanizer 
is well adapted for repairs of this kind. 


The foregoing instructions cover the external 
repairs of “tread cuts,” ‘“sand-blisters,”’ and slight 
“loose treads.” 


Internal and External Tire Repairs— 
Sectional Method 


There are two methods for reinforcing and build- 
ing up tires for internal repairs: (1) the “‘wrapped- 
tread’ method, and (2) the “sectional” method. 


With the wrapped-tread method, as explained on 
page 608, the tire is built up or reinforced from the 
inside, whereas with the sectional and step cutting 
method, it is built up from the inside and outside. 


Step Cutting and Sectional Repair of a Blow- 
Out 

How a blow-out is prepared for reinforcing and 

building up by the “‘sectional’? method is shown in 

Figs. 36, 37. Note how each layer of fabric is 

“stepped off.’ For example, there may be four 

layers of friction duck (canvas fabric) m the carcass. 
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Fig. 37 


Fig. 36 


Fig. 36. Preparing a blow-out for vulcanizing. 


Fig. 37. Preparing side-wall blow-out for vulcanizing. 


To proceed, the tread stock is cut down with a 
knife. The first cut made (Fig. 36) goes over each 
bead, and all fabric within these limits is removed. 
The second cut does not go over the bead, but falls 
inside, and borders the first cut by about one inch. 


“This removes two ply of canvas and the reverse 
process, or building up, replaces this canvas, “break- 
ing joints” as a mason breaks joints in stone or 
brick setting, and the final layer of fabric adds one 
ply to the original strength. The casing 1s then 
reinforced with one layer of canvas on the inside, 
and the total strength, or four ply, has been restored. 

A side-wall blow-out in the process of repair is 
shown in Fig. 37. The same principle of “stepping 
off” and reinforcing is used. This “stepping off’ is 
one of the most important points to observe in 
making good tire repairs. 


Vulcanizing with Molds 
Steam vulcanizers, used in large repair shops, 
usually employ the sectional method of repairing, 
and use molds for vulcanizing. 


Where the blow-outs are on the tread, after 
repairing, the tire is placed in the sectional or cavity 
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mold (8) (Fig. 47, page 620), to be vulcanized or 
cured, and is held down by a clamp (C) (Fig. 43). 
This vulcanizes both inside and outside. 


Where the blow-out is on the side-wall, or for a 
rim-cut repair, it is necessary to insert an “air bag’’ 
(Fig. 39). Then the bead mold is placed over the 
tire, and entire repair is completed at one operation. 


Where inside repairs only are cured, or where 
the tire is to be dried out before vulcanizing, the 
“Anside patch vulcanizer, ’’at (4) (Fig. 47) is suitable. 


Q\clamp clamp. 


aa 


bead 
vulcantzer 
ol 


Fig. 38 (upper) 
Fig. 40 Fig. 41 


Fig. 39 


There are two methods of holding the tire in the 
mold for tread repairs: (1) by a clamp and pad and 
mold, as in Fig. 40, and by the use of an air bag 
(Fig. 38) which expands the tire, used in connection 
with a cavity mold (Fig. 39). 


Where side walls or beads are repaired, the 
clamp and bead mold and pad (P) (Fig. 41) can be 
mee - the air bag and bead mold (Fig. 39) can 

e used. 


Shaler Electric Vulcanizer 


The Shaler electric vulcanizer, type ACH, is illus- 
trated in Fig. 42, as also the Shaler steam vulcanizer 
(Fig. 45). Each employs the wrapped-tread method 
of vuleanizing; an example is given on page 620. 
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Fig. 42. Shaler electric vulcanizer, type ACE . 


and 5” tires. 
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Air bags or cavity molds are not used with either 
of the Shaler vulcanizers. Inside molds or mandrels 
are inserted for inside repairs, and outside molds 
or mandrels, or hot plates are used for outside 
repairs (see page 619, Fig. 45). 


The two vulcanizers shown below are of two dif- 
ferent types. Fig. 43 illustrates the Akron-Williams 
model 6F steam vulcanizer, employing the molded 


method with cavity molds, and Fig. 45 shows the 
Shaler type NPR steam vulcanizer. 
zer repairs all sizes of casings by the wrapped-tread 
method and casing forms or heaters are used instead 
of molds. 


This vulcani- 


An explanation as to the difference between a 


tire which is repaired by the “wrapped tread 
method” and one repaired by the ‘““molded method”? 
is given as follows: 


Wrapped tread: Refer to Fig. 42 and observe that 


after the tire has been properly treated, ready for 
vulcanizing, a piece of waxed paper is placed over 
the repair and tape is wrapped around it. 
thumbscrew of the “outside heater” (Fig. 42) is then 
drawn tight and the electric current is turned on. 


The 


Molded method: Refer to Figs. 39 and 43 and 


observe that the tire is placed in a mold, and steam 
is turned on in the steam eavity (Fig. 39); thus the 
repair is not wrapped. 


The A. K. Sectional Steam Vuleanizer 


This vulcanizer is suitable for small Tepair shops 
n towns where there is a fairly good number of 414” 
It vulcanizes by the molded method 
with which air bags are used. Steam is generated 
in (oul (B) by gas or gasoline fuel connected 
at ‘ 


Fig. 43. Akron-Williams type 6F steam vulcanizer, 


There are two cavity molds, (CB) for 414” and 5” 
tires, and (CD) for 4” and 314” tires, Tiree Ot BY 
size can be vulcanized by placing the 3” mold (BM) 
in the mold (CD). These molds will vuleanize 

inside” and “outside” of the tire, as also “side 
wall” and “bead” repairs. See Fig. 39, and note 
the bead mold, also (M) (Fig. 43). 
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After the tire is prepared to be vulcanized, an air 
bag is inserted; it is then placed in mold (CB). 
The air bag is then inflated to 50 lbs. pressure, clamp 
(C) applied, and steam turned into the mold at (S). 


Where there is considerable repairing, the inside 
repair mold or patch (4) (Fig. 47), is used. This is 
also handy for thoroughly drying out tires before 
vulcanizing. 


Inner tubes are vulcanized by placing them over 
rack (1R) (Fig. 43). The part to be vulcanized is 
placed on plate (IT) through which steam passes. 


Cost of a Small Steam Vulecanizing Plant 


The approximate cost of an outfit, using the type 
6F vulcanizer, together with the material required 
is given below. Note that the prices are only approx- 
imate. 


1 model 6F vulcanizer (Fig. 33) $245.00 
byairbags, 3” to 6” x 167 long. ..4....0.+ 22.70 
Perea NOL OSG wud CemMenntions.sces setae ou + ale sire 2.40 
1 qt. No. 1043 cold patching cement............... .67 
i lot inner tube valve patches. ... 0.5. .0..06..55 65. 1.50 
5 Ibs. tread stock! (cures gray)........-.-.+-+e+:-5- 5.00 
10 lbs. tread stock! (cures black)...........-.....-- 10.00 
5 lbs. inner tube repair stock! (red)..............-. 7.50 
2 Ibs. inner tube repair stock! (gray)..............- 3.00 


2 lbs. inner tube repair stock,1 cured on one side only, 
for Inside LetnfOrcemenbsart. © o> seen es ee ees 3.00 


5 Ibs, cushion stock... 5...... == ere a oN 6.25 
ib) tbs jbreaker-strip TabElGe. nse asses ely tale bueie's c1euecuers 6.25 
Sulbsyibead-coyertabrics cose oe nave = oye ce aie ote 10.00 
HO bsnGarcasstabriGe eer. wet ee nen cen smite cskae 15.00 


5 lbs. carcass fabric frictioned, one side only, for last 
ly next to tube and reinforcements..........-... 29 

1 lot asst’d sizes Schrader valves, inner valves, valve 
caps, soapstone, waxed paper......-...-.-+e+-+: 

1 lot tire tools as shown im Fig. 46........2..0...-- 


Cutting tire fabric: A simple but effective device 
for permitting fabric to be cut on the bias, with a wet knife, 


Fig. 44. 


instead of shears, is illustrated here. A hardwood strip, form- 
ing the straight edge, is placed 45° across the tire repair bench, 
and each end fitted with hardwood angle blocks in the manner 
shown. These edges even up against the edge of the bench 
and secure a perfect 45° cutting angle. 


The Shaler Steam Vulcanizer 


This steam vulcanizer (Fig. 45) as well as the 
electric vuleanizer (Fig. 42) are adapted for small- 
town vulcanizing plants, or for garages where a 
tire repair department is added. The capacity of 
each of these vulcanizers is 20 tubes and 1 casing 
per hour. The vulcanizer (Fig. 45) can be secured 
with two casing forms or mandrels, which will give 


double capacity. 
All sizes of casings can be repaired with the Shaler 


vuleanizers by the wrapped-tread method, an 
example of which is given on page 620. 


1 Means vulcanizing rubber. Do not use “‘self-curing gum,” 
or old rubber; it will not vulcanize. 
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-OUTSIDE CASING FORM 


INSIDE CASING 
MANDREL, 


PIEAM GAUGE 


TUBE PLATE) 


i 
ag 
= 
~ 
G 
fat 
< 
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ae 
= 


S 


i ——SAFETY.VALVE 


DRAWN STEEL 
STEAM GENERATOR, 


Fig. 45. Shaler steam vulcanizer, type NPR, No. 41. 


Shaler Vulcanizing Tools 


Some of the tools required for tire repair work are 
illustrated and listed below. 


CEMENT BRUSH. 


£ 
A 0) ad TIRE SPREADER 
% 2 
ete tes 
5 2 
Wet = “3 
4 S Sn 
FAME leah 
ae 38 
5 Me 
E|| 2s 
a z5 
ROLLER For RUBBERand | 
working canvas FABRIC KNIFE 


id i 5 : 
pees A form for holding tires . 


Pe Oar — while preparing =, 
Ske BUek ‘or opening gir bubbles ¢ 


Eayplastos paten in canvas and clean- “Ga ; al 
inside of tube" “BU eandpockets, CASING SCRAPER Foricleaning inside of 


BRUSH 


: , a _casings 
= —> es Soi Po a 
cy SHEAR SNIPS)? UGHENER for roughening up 
for cutting fabric end rubber and cleaning tube and casing before cementing, 


Fig. 46. Tire repair tools enumerated as follows: 


SIRAeysl oye y- 10k) Na emcee eRe ee MeO raOM nen EnT Cetin. 0. GMT oto 
2) Casing scrapers. cue ache oer res Reine ath mene te 
BB Gh rjuarerecoteuobts 0, sen ab oO BOD Caton O GOTO OF. 
4. Roller for inside canvas work 
ae MEAT) ae orr ee es RET ERN Catr hc Tkegepeuses 
Bo PROD is useerser ct ra Geta icgesoe Rew tat ataa hen veh Aue agen certo 
7S Rubberroushengre.. vais sae kee. dalrtis to eceed ateteels sect 
Sit Cement brushi. shee. 7 ln- come duet eleinieiee «tennis sere 
9. Shears foroutting fabric. jy.) .iesaisrnc sss ¢esseatst viele 
10, Fabric knives, 60c, and 400)... 5... -+.ss0ce crea 
11. Stitcher for working rubber and fabric into casing... .60 
Total scene cits wiieen enake ateasivnr teehee etacucte cake Perens $7.05 
Vulcanizing Rubber, etc. 
Para Tub Der Del Sent vsmmentemmter tami eee tent seater aseatat $0.75 
Para nubbers.p lb wroll wwe ree ta tte tete ales lieneleRen eee cere 6.75 
Para Ruber, one side cured, per 5 lb. roll.............. 7.50 
Wax paper (sufficient for 1,000 repairs)................ 25 
WVulcanizingicement, Per Qt. ./.0) sve cis -cis ss sole yin icles els 75 
Vulcanizing' cement, per Gal ee ces nate eee os elne 2.50 
Blow-out canvas, Para-coated, one side, per sq. ft....... 50 
Blow-out canvas, Para-coated, both sides, per sq. ft..... .60 


Large Steam Vulcanizing Plant 
An example of a steam vulcanizing plant of large 
capacity is given on next page. The vulcanizing 
plant shown in the illustration (Fig. 47) consists of 
the following parts: 
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Steampipes , 


“ 


%, 


4 Inside Patch 
Vulcanizer 


3 Sectional or 
cavity vulca- 


cag) 


To Supply tank 


Steam trap, Or sewer 


ya" 


Fig. 47. 


1, Steam-boiler, using coal or wood as fuel. 


2. Inner tube vulcanizer. 
plate and the other part hangs over the rack above it. 


8. Sectional or cavity molds for repairing tire casings. 


tire when it is in the cavity mold (CO), 


The steam passes through the iron plate (IT); 


Blow- of F 


By- pass to sewer or outside 


Example of a large steam vulcanizing plant. 


part of the tube to be vulcanized is placed on this 


These are used _to vulcanize the inside and outside of the tire in 
sections. These molds (C) are made to take different sized tires. 


See Fig. 39, and note that a bead mold is placed over the 


These bead molds are made for clincher or straight-side beads. 


The air bag, shown in Fig. 38, is placed in the tire and blown up to a pressure of about 50 lbs. to hold it in shape when 
being vulcanized in the cavity mold (C). Steam passes through the cavity mold, thus giving the necessary heat. 


4. Inside patch vulcanizer, consisting of an iron core shaped like the inside of a tire, threugh which the steam passes. 
tire is placed over this core when only inside repairs are being made. 


The 
Also used for drying out tires when repairing. 


Tires should be free from all moisture when being vulcanized, as moisture turns to steam when heat is applied, and forces 


the fabric layers apart, making a weak repair. 


5. Vulcanizing kettle, used in rebuilding or retreading tires. This is used only in very large shops. 


REPAIRING A “BLOW-OUT” BY THE ““WRAPPED TREAD METHOD” OF VULCANIZING, 
AND ALSO OTHER REPAIRS 


The “sectional” method, where repair is built up 
or reinforced from the outside, was explained on 
page 617. With the wrapped-tread method, it is 
built up or reinforced from the inside. 


While we speak of blow-out repairs, this also 
covers repairs for cuts through tread and carcass, 
and also side-wall and rim repairs. 


The following matter is taken from the Instruction Book of 
the Shailer steam yulcanizer as shown in Fig. 45. 


Method of Step Cutting, When Necessary 


If the fabric immediately around the hole is rotten 
and shredded so badly that it is impracticable to 
work it back into the repair, it will be necessary to 
remove any loose canvas that may be around the 
blow-out, “step cutting” it out in two or three steps, 
similar to the process shown in Fig. 36, page 617, 
but from the inside. This method, however, will 
not be required once in twenty repairs. 


Cut the steps so that the smallest is at least. 2’ 
larger in every direction than the hole through the 
tire, and make each succeeding step about 114” 
larger all around the one below it. 


Coat all over with cement, working the cement 
in between plies of fabric at the ragged edges of 
the damaged part. After the first coat has dried for 
an hour or two, put on another coat, and let it stand 
for several hours—over night if convenient. 


Cut layers of blow-out canvas (Para-coated on 
both sides) to fit the steps from which fabric was 
removed, and work them thoroughly in place, one 
at atime. Roll from the center to the edges of the 


patch, and if air bubbles form under the canvas, 
prick them with an awl and roll them flat. It is 
necessary that the canvas be laid smoothly, and that 
perfect contact be secured between the’ different 
layers. 


Then put on another patch an inch larger all 
around than the largest step. Finish with plain 
friction canvas or canvas Para-coated on one side. 
This last layer must be long enough to cover the 
preceding patches entirely and to reach to the 
clincher on the outside. Use from four to six layers 
of canvas, depending upon the size of the tire and 
the size of the hole through it. 


Reinforcing without Step Cutting 


The following method is to be followed where 
the fabric is not rotten. The procedure is as follows: 


ee ee Ciean He es of the tire about 6” on each side 
of the hole. se gasoline to soften. Sera; til b 
1s exposed, but do not cut the fabric. is geese vests PEL 


Note that in these illustrations “tire spreaders” 
are used to hold the tire apart while being repaired. 


TIRE CONSTRUCTION—CARE AND REPAIR 


Fig. 49. Apply two coats of cement over the cleaned sur- 
face. Let the first coat dry one-half hour before applying the 
second. Cement the hole through the tire thoroughly. 


Fig. 50 


Fig. 51 


Fig. 50. Cut the first layer of the fabric (Para-coated on 
both sides), so that it will extend 1” beyond the hole in every 
direction. Roll smoothly in place, pricking any air bubbles to 
let air escape. 

Then cut a second layer of fabric (Para-coated on both sides) 
large enough to cover the first one, and let it extend an inch 
over it in every direction. 

Then cut a third layer (Para-coated on both sides) 1” larger, 
and place it over the second layer in the same manner and roll 
it down. i 

Then cut a fourth layer (Para-coated on one side) 1” larger 
than the third layer, and apply the Para-coated side next to 
the third layer. In large tires use 5 layers. After the third 
and fourth layers are applied, the appearance of the patch after 
all layers have been rolled down will be as shown in Fig. 51. 


Fig. 52 
Fig. 52. Turn the tire over and fill the gash with tread stock 


Fig. 53 


of narrow strips, and press down carefully. No cement is 
necessary. Do not fill the hole too full. Sprinkle inside with 
soapstone. 

Fig. 53. Place the tire over the “inside casing mandrel” 
(also termed ‘‘form’’) (see Fig. 45). Lay a piece of waxed 
paper over the outside repair and place bead strips along the 
bead as shown; then wrap on tape and tighten the tension of 
the hand screws, so as to pull the tire down on the mold. 


Fig. 54 


Vig. 54. Place the “outside casing form,’’ or mold, over 
the outside repair, and apply the steam. Cure for fifteen 
minutes; then loosen the clamp, and tighten the tape. About 
15 minutes in all is required; for larger tires, 1 hour at 40 lbs 
of steam pressure is desirable. i 

Fig. 55. Showing a blow-out repair near the rim. The 
same method is used, except that the last layer of fabric is 
brought clear around the bead and up outside of the tire far 
enough for the bead strip to get a good grip. Then use the 
curved side of the ‘‘outside casing form,” or mold, for rim 
work. (See also Fig. 45 for location of this on the vulcanizer). 


Fig. 55 
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Repairing a Sand Blister 


1. Cut half-way around the blister, cutting through 


the rubber to canvas (C), and leave the rubber 
attached on the side nearest to the tread of the 
tire. Turn back the flap (F) thus formed, and 
remove all dirt; then clean and cement as 
directed above for casing cuts. 


Fig. 57. Repairing a sand blister. 


2. Cut a strip of Para rubber as wide as the rubber 
on the tire is thick, and stick it on the edge of 
cut (E). Then cut a thin sheet of Para the exact 
size of the canvas, and roll back in place and stick 
it down tightly (P). 


3. At (3) 1s seen the repair after vulcanizing. Be 
sure to vulcanize the hole where dirt entered 
and caused the blister. It may be a foot away. 
Vulcanize according to instructions for small cuts 
(page 617). 


A tire pump is an excellent bellows for blowing 
dirt out of a cut for a repair to be vulcanized. A 
sheet of waxcd paper should be placed between the 
vulcanizer and the tire to prevent sticking to the hot 
iron. 


To Repair a Section of a Tire Where Tread 
Is Loose 


Cut through the tread; clean the under side of the 
tread and canvas thoroughly. Apply two or three 
coats of cement; when dry replace the tread, wrap 
with tape, as shown in Fig. 53 (this is the wrapped 
method of vulcanizing); then cure with inside and 
outside heaters, as instructed for blow-outs (Figs. 
53, 54). 


Example of an Anti-Skid Tread Repair 


Should a tire have a non-skid pattern on the tread, 
and a section is to be replaced, the wrapped-tread 
method as explained in the Shaler instruction book 
is as follows: 


Take a piece of canvas (Para-coated on one side) 
large enough to cover the repair. Apply to the 
coated side three layers of ordinary tread stock. 
Find a good place on the tire, dust it with soapstone, 
and apply this “pad” (Fig. 58) with the raw rubber 


Fig. 58 


side next to the tread. Place the tire on the vul- 
canizer, wrap tape over the pad and tire, tighten 
the tape, put on the ‘‘outside casing form” heater 
(Fig. 45, page 619), and cure for half an hour. The 
pad will then have taken an impression of the tread 
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and will be like Fig. 58. This may be done while 
you are waiting for the cement to dry on the repair. 


When the repair is ready to vulcanize, place the 
pad over the repair, and wrap binding tape over it. 
When heated, the original tread pattern will 
be duplicated. Save the pad for future use, and 
mark it. 


If it is unnecessary to replace a portion of the 
tread, but it is desired to protect the tread from 
being flattened by pressure of the tape when curing, 
simply make a thick paste of soapstone and water, 
and then fill the depressions in the tread with it 
before wrapping with the tape. When the repair is 
cured the dried soapstone is brushed off, and saved 
for future use. 


AN EXAMPLE OF PRICES TO CHARGE FOR TIRE REPAIR WORK 


The following are standardized prices adopted 
by a tire dealers’ association in the Northwest, 
subject, however, to change without notice. 


Sectional Repairs on Casing 


Seite sec wall Olin= long were ny nner $3.75 
Se oeile sec. 0ums long eerie 4.50 
Aree it 8eC.ul Olin) long een ae 5.50 
4%o"in. sec. 10im-long...0..... 0s. 7.00 
Sl inewsec.. (Olin: Jongasoke ee 8.50 


Retreading Fabric Casings 


SOTO Me sania ts ticead $10.50 ae a2 aeren tn dl Pai $22.50 
I ORZES OOM cmncie seats, ss 12,00 BO XAG = rueus erate 22.50 
Bee Oi sord Ae pe eens 14.00 CA ee etna aad sy fact nie 23.50 
oy lS oC ted Ae Soe 16.50 30! XA ined oo 24.50 
Cie ae ih DORE E ed 17.50 365X416 nel oder ds 26.75 
QR eM meena curl asin 18.50 BO XO vs <n selma aie 34.25 
BAK Aer rs eaten nae 20.50 BUENO! Me tee anes en aes 36.00 


Retreading Palmer Cord Casings 


Min. Max. 
Gis MON ECeun nono Dato ee $ 5.50 $ 6.75 
Ame AD SCC. en 6.75 7.75 
AYecm, BCC... 52.0 se 8.50 9.50 
fot ae bar loveless OS 10.25 12.00 
Gin; SeC.kes aectts 25.00 and up. 


Tread Repairs 


Tread repairs on 3-in. to 4-in. casings, $1.75 and up. 
Tread repairs on 414-in. to 5-in. casings, $2.75 and up. 


Reinforcing Casings 
Inside reinforcement on 8 14-in. and 4-in. casings, $1.75 and up. 
Inside reinforcement on 4}4-in. and 5-in. casings, $3.00 and up, 


Tube Repairs 


Valvetcores applied = aria. «4: Meee eee ee $0.25 

‘Ribes demounted:, swat «oct ete eee .50 and up 
‘Tubes mounted!..: w.eseh sa nee 

Addl punctures. ase ee eee 

New valve bases «eat 


Reinforcements, blow-outs, and sectional work extra. 


We reserve the right to turn down any tire during any stage 
of inspection, and we are not liable for so doing. 

Where tread bands are used, add 10 per cent to the foregoing 
prices. 


Flaps and Flap Repairs 


Old flan ‘repairs 4 Pee eee eee $0.50 
New fap, 5 26 20) oe eee 1.50 
New flap; 4165 ee ee een 2.00 


Special repairs, not quoted, are based on cost of material 
and labor. 


AIR COMPRESSORS FOR USE ON THE CAR 


Air compressors can be classified under two head- 
ings: (1) hand or foot air pumps; (2) power air 
compressors. 


Hand and Foot Air Pumps 


This type of air pump is made in the “single” 
and “compound”? type. 


‘The single-acting hand air pump (Fig. 59) is made 
with a single barrel. It is seldom used, because it 
requires a heavy exertion to pump a tire to the 
proper pressure, unless the fulcrum is great enough 
to reduce the effort required to manipulate the 
pump. 


A very satisfactory type of hand air pump for 
general garage use, employing the fulcrum and lever 
principle, is shown in Fig. 60. It consists of one 
welded steel cylinder packed with gum rubber to 
prevent leakage. The plunger is made of oak 
leather. Ball valves prevent back pressure. The 
name of this pump is the Jensen, manufactured by 
the W. H. Howell Co., Geneva, III. 


_A compound type of hand air pump is shown in 
Figs. 61 and 62. This type of pump employs two bar- 
rels; on some types there are as many as three barrels. 


Fig. 61. Showing a com- 
pound air pump with an air 
eet gauge attached, 

he gauge shows theamount BY-PASS”P* 
of air pressure in Ibs. per 
square inch. Fig. 62 


TIRE CONSTRUCTION—CARE AND REPAIR 
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Principle of operation: The air is drawn in from the atmos- 
phere into the large cylinder and is compressed by the down 
stroke of the handle; at the same time it is forced into the 
smaller cylinder through by-pass (P). 


The up-stroke of the pump forces the air from the smaller 
cylinder into the tire through check valve and hose (CV), and 
the large cylinder sucks in another charge. 


While the air admitted into the large eylinder is receiving its 
first compression, it is forced through passage (P) (connecting 
the two cylinders) and up past cup leather (B) into the upper 
portion of the smaller cylinder. The cup leathers (A) and (B) 
are fitted to their pistons in opposite positions, that is, the 
leather (A) is put in with its open side downward, and leather 
(B) has its open side upward. If both leathers are put in the 
same way, the pump will not work. 


A pump of this kind differs from a single-cylinder pump, in 
that each stroke is a power stroke, while in a single-cylinder 
pump only the down strokes are power strokes. 


Keep the leather packing washer (around the piston rod of 
the small cylinder) tight, otherwise the air will blow through 
here instead of going into the tire. 


Power Air Compressors for Use on the Car 

Under this heading there are two types of pumps: 
(1) the impulse air pump; (2) the power-driven air 
compressor. 


Fig. 63. Illustrating how the connection is made from the 
air pump (driven from the engine, or transmission shaft) to 
the tire. ‘Vhe air hose is detachable, and is usually carried 


under the seat. 


The Brown impulse air pump: This pump (Fig. 
64) has the appearance of a compound pump, 
because of the large and small cylinders, but they are 
built in this form to make it possible to pump the 
high pressures necessary for large tires, and at the 
same time not have any too good a compression in 
the engine cylinder. The lower piston, with its 
large area, receives its impulse from the compression 
in the engine cylinder, and transmits it to the upper 
piston through the medium of the hollow piston rod, 
to which both pump pistons are attached. 


Action: As the engine piston makes its suction stroke, it 
draws fresh air through valve (1) which opens inwardly, and 
at the same time, both pump pistons make their downward 
stroke. You will note that piston rod (6) is hollow. This is 
the air passage to the upper cylinder through ball check (12). 
As the engine piston makes its compression stroke, it forces its 
charge of compressed air into the upper cylinder and against 
the lower piston of the pump, and causes it to make an upward 
stroke. This piston being so much larger than the upper 

iston, the charge is further co.2pressed and sent through out- 
et valve (21), at the top, thence through the hose to the tires 
or the tank. 

These pumps are very often spoken of as compound pumps, 
because of the fact that che air pressure 1s raised in two stages; 
but don’t forget that the first stage 1s performed in the engine 
cylinder and not in the pump cylinder. It is a single-stage 
pump, capable of raising the pressure from 50 or 60 Ibs, in 
the engine cylinder to 100 lbs. or more in the tire or the tank. 
It is advisable to let the pump make a few strokes before 
attaching the hose to the tire valve. 


OILHOLE COVERS 
SLIDING GEAR 


oo 
SELF LUBRI: > 
CATING BUSHING 


Fig. 65 


Fig. 64. The impulse pump, sometimes termed the spark- 
plug pump, because it is screwed into the spark-plug hole and 
operates by means of the compression of the engine cylinder. 
te Inlet valve disk; (2) Inlet valve body; (8) Upper piston; 
4) Upper piston nut; (6) Piston rod; (7) Stuffing box; 
Rod packing; (9) Rod packing nut; (12) Ball check valves; 
(13) Upper piston pin; (14) Check valve spring; (15) Upper 
cylinder shell; (16) Lower piston; (18) Piston cup leather; 
(19) Piston rings; (21) Outlet valve; (22) Outlet valve spring; 
(23) Outlet valve cap; (24) Cylinder base; (25) Lower cylinder 
shell; (26) Inlet valve seat. 


Fig. 65. 


As A power-driven tire air compressor explained 
elow. 


Power-Driven Tire Air Compressor 


The illustration is of the compressor used on a 
Cadillac car. It is bolted to the left-side transmission 
case and is driven by a sliding gear which meshes 
with the reverse. idler gear in transmission. The 
sliding gear is thrown in when needed, and out when 
not needed, by a lever. 


To operate: Stop the engine, wait until the transmission 
gears are idle, then shift the gear of the compressor in mesh 
with the reverse idler gear. Then start the engine, being sure 
that the gear-shift lever is in neutral position. 


Run the engine at speed of 900 to 1,100 r.p.m. This is indi- 
cated by the ammeter showing 16 or 18 amperes, if the third- 
brush is properly regulated on the generator. Do not race 
the engine when inflating tires. Throw the gear out of mesh 
when through pumping tires. Lubricate the compressor often. 
By observing the illustration, it will be seen that the inlet of 
air is taken in through the “‘inlet valve’’ in the top of the piston, 
from the crank case of the pump, when the piston travels down. 
It is compressed and forced out of the ‘‘outlet valve’ as the 
piston travels up. 


Fig. 66. Wissler friction-drive air Sans (T) tire; (GP) 
grooved pulley on pump connecting rod; (K) bracket bolting 
pump torunning board; (A) air intake; (P) piston; (C) adjust- 
ment of tension of (GP) to (T). The rear wheel is Jacked up, 
with the engine run on low or reverse gear. (Wissler Inst. Co., 
St. Louis.) 


POWER-DRIVEN AIR COMPRESSORS FOR GARAGE USE 


There are two types of air compressors for general 
garage use: (1) the air-cooled compressor; (2) the 
water-cooled compressor. 


Where compressors are used almost continuously, 
the water-cooled type is recommended, because, for 
heavy constant duty, the air-cooled compressor 
would heat. When heating occurs, the air drawn 
into the hot compressor expands; then when it cools 
in the tank, it contracts, with the consequence that 
the pressure drops. The usual pressure 1S main~ 
tained at about 150 Ibs., which is sufficient for all 


ordinary requirements. The pressure in the tank 
must, of course, be somewhat higher than at the 
outlets, usually about 15 Ibs. higher. ‘This, natur- 
ally, is determined by the number of outlets. There 
is usually a safety valve on the air tank which can 
be adjusted accordingly. 

When purchasing a compressor be sure that it is 
over-size rather than under-size, as the business 
may grow; furthermore it is hard on the com- 
pressor if it is operated continuously when under- 
size. 
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Tank capacity: The following table is taken from 
the instructions furnished with the air compressors 
manufactured by the Brunner Mfg. Co., Utica, N.Y. 


Size Tank to Use 


Tank Size 200 Ibs 180 lbs. 160 Ibs. | 140 lbs. 
20 gal. 14x30 4 Tires 3 Tires 2 Tires 1% Tires 
Sle 16x36 Gy te eee ar 3 * 
40 “ 16x48 O) Nene Same @ © 4 sf 
0) 16x60 LO. Maes Oana Sree! 6 FA 
65>“ 18x60 io i ai KO 8 , 

SO lmas 18x72 toa Lie 13 ie 10 oy 


Tank sizes, at the pressure given above, will inflate 
the given number of 35x 41% tires to 85 lbs. as shown 
in the table. For example, a 40-gallon tank at 180 
lbs. pressure will inflate eight 35x 44 tires to 85 lbs. 


After inflating tires of this size, each will have 
from 89 to 90 lbs. left, with which to inflate several 
smaller tires. - 


Drive methods: The air compressor can be 
driven by a belt from a line shaft, or by an electric 
motor. When self-contained—all in one unit—it 
can be driven by a belt, by a silent chain, or by gears. 


Pointers on belt-driven compressors: A belt 
should be used of the width of the compressor pulley. 
If a smaller belt is employed, it will slip and stretch. 
Leather belts are best, as it is easier to lace them 
than fabric belts. 


The speed of the compressor should be exactly 
that which the manufacturers advise. If it is run 
too fast, the compressor will heat; if run too slow, 
the capacity will be reduced. 


How to Determine Speed and Size of Pulley to 
Use for Driving Air Compressors 


The speed at which air compressors should operate is of 
importance and is determined by the sizes of pulleys. It 
should be remembered that the larger the driving pulley, the 
faster the compressor, having a given size of pulley, will be 
driven, and vice versa. We give here the method of deter- 
mining the pulley sizes and speeds under different conditions: 


When the compressor is driven direct from an electric 
motor, a 3” pulley is generally used in order to keep the pulley 
on the compressor as small as possible. To determine the size 
of the compressor pulley, multiply the speed of the motor pul- 
ley by the diameter of the motor pulley, and divide the result 
by the number of revolutions of the compressor, 


Example: What size of compressor pulley is required to 
drive an air compressor at 340 r.p.m. direct from an electric 
motor having a 3” pulley and running at 1,700 r.p.m.? 


1,700 X 3=5,100+340=15” pulley on the compressor, 


When it is desired to drive a compressor from a motor 
by means of a countershaft, to ascertain the size of the counter- 
shaft pulleys, multiply the speed of the motor by the diameter 
of its pulley, and divide by the desired speed of the countershaft; 
this gives the size of the driven pulley on the countershaft. 
Then multiply the recommended speed of the compressor by 
the diameter of its pulley, and divide the result by the speed 
of the countershaft for the size of its driving pulley. 


Example: It is desired to drive an air compressor, having a 
9” pulley, at 350 r.p.m. by a motor having a 3” pulley and a 
speed of 1,700 r.p.m. The compressor cannot be riven direct 
from the motor, and a countershaft must be used. What size 
of pulley must the countershaft have? 


_ 1,700 X 3=5,100+425 (speed of countershaft) =12 in., the 
size of the driven pulley. 
350 X 9=3,150 + 425 (speed of countershaft) = 7.4 in. 

The nearest commercial pulley is 8’, Therefore an 8” driving 
pulley is used on the countershaft. 

When the countershaft runs at the same speed as the com- 
pressor, then the pulley on the compressor and the drive 
pulley on the countershaft must be of the same diameter, 
irrespective of what that diameter is (anywhere from 3” to 3 ft.). 


When an air compressor is driven from a line shaft without 
a countershaft, and the size of the driving pulley is required, 
multiply the speed of the compressor by the diameter of its 
pulley, and divide by the speed of the line shaft. 


Example: An air compressor having a 9” pulley is to be 
driven at 350 r.p.m, from a line of shafting having a speed of 
450 r.p.m. What size of pulley must be used on the line shaft? 


350 X 9=3,150+450=7 in., the size of the driving pulley 
on the line shaft. 


See also Index under “Diameter of pulleys; how to find,” 
for further suggestions on the subject of finding the diameter 
of pulleys. 


Installing an Air Compressor 


Place the compressor on a firm foundation in a 
location where the pipes will not have to extend too 
far. Locate it. preferably where short pipes can 
be used, and where fresh air and not gasoline fumes 
will be drawn into the compressor. It is best to 
draw the air from outside the building with a 
screened air intake. 


Locate the tank where it can be easily drained, 
as vapor in the air condenses and should be drained. 
It does not matter if the tank is placed in a hori- 
zontal or in a vertical position. 


Locate the air pipes where they can be used most 
and will be accessible for the greatest number of 
purposes, such as for outside free air service, for 
the vulcanizing department, for the tire-testing 
tank, for the buffing machine, etc. 


Use flexible, woven-fabric-covered hose of very 
small diameter, as it is better than rubber. 


Pipe and pipe joints should be connected by using 
shellac, asphaltum, or a mixture of litharge and 
glycerine to insure air-tight joints. The elimination 
of air leaks is a very important factor. Use the 
size of pipe recommended by the manufacturer of 
the compressor. The pipe leading to the inlet of 
compressor should never be smaller than the full 
diameter of the compressor inlet opening, and also 
of the outlet pipe. Iron or steel pipe is satisfactory. 


Attach the outlet pipe from the air tank as high 
as possible from the tank, to avoid water condensa- 
tion going to the tires. 


A draincock in the pipe should be placed at the 
lowest point, especially when outside of the building, 
as the condensation is likely to freeze. 


Air-Compressor Outfits 


The Brunner air compressors! are used here as 
an example. The illustration (Fig. 67) is the lay- 
out for a belt-driven outfit, and in Figs. 68 and 69, 
electric motor-driven compressors are shown. 


BELT DRIVEN 
AIR COMPRESSOR 


_ Fig. 67. Belt-driven garage outfit No. 2, for garages hous- 
ing from 15 to 20 cars, and for vulcanizing shops. 


1 No. 100 belt-driven compressor, 8” T. & L. pulleys 


(I tight and’ loose). 150).) aie eee eee nla $24.00 

1 20 gal. 14” x 30” galvanized air tank... 11177) 20.00 
1 Model “8” air gsues ser yra gh Le eee 3.00 
1 No. 75 vertical check valve................000027) 1.80 
1 No. 72 safety valve for air tank. . 11.1.1 1111110 2.75 
I (No. 88—/4" Deedle-valvery.... keene @ eae 1.80 
1 No. 83-24” needle valves. (,... doa haloes 1.80 
1 No. 82—3” needle valve with Swivel ce abe eee 1.80 
1 Tire connection and 25’ hose................000 00! 6.55 
$63.50 


1 Manufactured by Brunner Mfg. Co., Utica, N.Y: “Write 
for catalogue. Prices quoted above are not guaranteed, but 
are subject to market conditions. 
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Fig. 68. A self-contained air compressor outfit using Brun- 
ner No. 102 air compressor suitable for garages up to 60 to 70 
car capacity. This air compressor is air cooled and is driven 
by an electric motor, 14 h.p. 
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Fig. 69. A heavy-duty air compressor outfit using Brunner 
No. 17 vertical air compressor. This air compressor is water 
cooled and driven by an electric motor, 2 h.p. Designed for 
very large garages, for tire air service, and also for operating 
paint sprayers, small pneumatic tools, general shop work, etc. 
Note that there are two pipe lines leading from air tanks 1 and 
2. No. 1 is at normal pressure of the tank, and No. 2 is at a 


“a. 


reduced pressure through the reducing valve. 


AIP COOLED BELT 
DKIVEN SINGLE CYLINDER 
HORIZONTAL AIR 
COMPRESSOR 


WATER COOLED BELT A 
DRIVEN DOUBLE CYLINDER 
VERITICAL AIR COMPRESSOR 


Fig. 70 


Fig. 70. Brunner belt-driven single-cylinder horizontal air 
compressor, adapted to small vulcanizing ane bore 1 13/16”; 
stroke, 2’; guaranteed pressure up to 175 bs. at 350 r.p.m., 
the capacity is 1 cu. ft.; at 400 r.p.m., 1 1/6 cu. ft.; at 450r.p.m., 
1 1/3 cu. ft. free air per minute; uses 114” belt for an 8” loose 
and tight pulley; power required, 14 h.p. at 100 lbs. pressure; 
outlet pipe is 14”; weighs 23 lbs. and costs $24.00. 

A Brunner belt-driven double-cylinder vertical air compres- 
sor gives about twice the capacity. Price, with 9’” pulley and 
friction clutch, $53.00. Requires }4 h.p. 

Fig. 71. Brunner belt-driven double-cylinder water-cooled 
vertical air compressor for continuous service under high pres- 
sure; bore 3”; stroke 3”; capacity at 250 r.p.m., 6 cu. ft.; at 
500 r.p.m., 1214 cu. ft. of air per minute. Pulleys 16 <3’: fly 
wheel. Requires 144 h.p. at 100 lbs. pressure, 300 r.p.m. 


Price, $135.00 complete. 
Portable Air Compressor 


A Brunner portable motor-driven air compressor 
outfit is shown in Fig. 72. Tt can be moved to dif- 
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ferent parts of the garage, and is suitable for inflat- 
ing tires direct without the aid of a tank and storage 
system. 


PORTABLE 
MOTOR DRIVEN COMPRESSOR 
Fig. 72 


The attachment plug is screwed into a lamp socke’ 
which operates the 14 h.p. electric motor. This 
operates the air compressor which stores air in the 
tank. The advantages are apparent. Manufac- 
tured by the Brunner Mfg. Co., Utica, N.Y. 


Compressed Air Used for Other Purposes 


Compressed air for cleaning the upholstering 1s 
used in many up-to-date garages. With special 


Fig. 73. Cleaning car with a motor-driven vacuum cleaner. 
connections and a vacuum tank the work is rendered 
easy and is done quickly. It is also used for spray- 
ing paint, for small pneumatic tools, etc. 


Care of Air Compressors 


An air compressor might be compared with a 
gasoline engine. A piston draws air into the com- 
pressor cylinder through an inlet valve on the suction 
stroke. As the piston returns on its next stroke, 
the valve closes and the air is compressed and 
forced through the outlet valve to the air-storage 


tank. 


The valves must seat properly, otherwise the pres- 
sure will be reduced. The valves are of the poppet 


type. 

Lubrication of compressors is a subject of impor- 
tance; that is, it is highly necessary to use the 
proper grade of oil as recommended by the manufac- 
turer. Too much oil will gum the rings and get 
into the air tank, and will also necessitate frequent 
valve grinding. Lack of oil will result in burned- 


out bearings. 


Cylinder-head bolts should be drawn tight, other- 
wise the compressor will fall below its capacity. 
Cylinder head gaskets should be used as recom- 
mended by the manufacturer. Paper or rubber 


will not do. 
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duci ] 
Knocks are often due to loose flywheels, carbon Pressure reducing valve 


on the piston, or to worn bearings. 


Compressed-Air Fittings 


] 
LIS: 


Fig. 74. Wire-wrapped air hose for garage work: inside 
diameter 14” and 34”, 


Fig. 75. Copper-wrapped brass-wire-woven flexible hose: 
inside diameter 14” and 3%’. For hand or portable pumps. 
The hose generally used is 3/16” or 4” diameter. 


Fig. 81 


Fig. 79. Romort blow gun: bronze metal; can be used 
wherever there is a lathe or other machine where it is necessary 
to remove chips, dirt, or other waste matter; entirely auto- 
matic; the valve closes when pressure on the trigger is released; 
connection to the hose is made by the Romort Universal hose 
connection, which fits all popular sizes of rubber hose and pre- 
vents the gun from blowing off the hose; can be used in the 
garage for cleaning all the dirt from tires to be vulcanized, 
for cleaning cushions, and for various other purposes. 


An automatic ers cock, used in onneces. with Be air- 
air hose where it is in constant use. Bronze; instantaneous in storage system for dusting out caren Cope One Leas Parts, 
opening and closing; air-tight; step-up stem fits any size fobiag can be had of the Stevens Co., 375 Broadway, New Y ork, N.Y. 
from 14” to 14’. Fig. 80. Brunner automatic electric air-pressure controller 
(model M): Especially designed for use in motor-driven air 
compressors for garages, pneumatic water systems, etc.; 
automatically maintains air-tank pressure between predeter- 
mined limits; compact and substantially built; mechanism 
carefully made throughout with all moving parts protected 


Fig. 76. Romort style ‘A’ automatic air valve for use on 


Fig. 77. Air hose couplings: Takes care of any hose, large 
or small, metal covered or rubber; the hose is expanded at the 
end and the threaded nipple is so designed that it always holds 
firm—the harder the pull the tighter the grip; bushing is fur- 
nished to use on hose of small cee The type shown is from dirt and dust by metal cover; carries sufficient current 
the Romort “Universal,” and is shown connected to metal 4, operate single, two, or three-phase A. C. motors up to 2 hp. 
covered hose. It can also be used on plain rubber air hose, and 440 volts; also suitable to operate D. C. motors up to and 
including 14 h.p.; regularly adjusted to start motor at 115 
lbs. tank pressure, and stop it at 140 lbs.; can be adjusted at 
factory for other limits, but there must be 25 lbs. difference 
between maximum and minimum limits. 


Fig. 81. Brunner vertical check valves for air lines for 
female connections 34” and 34’, 


Fig. 82. Brunner safety valves: Have a ball seat; can be 
adjusted to blow off at any desired pressure up to 175 lbs.; 
intended as a tank safeguard by preventing higher tank pres- 
sure than that for which the valve is set. 


_ Fig. 83. Brunner pressure-reducing valve: Metal construc- 
a tion, designed for work on air tanks carrying up to 150 lbs. 
i ue pressure, and will reduce air-line pressure to a steady 
WL sents I ow at 1 


Fig. 78. Tire tester and air-valve attachment combined. instantly raised or lowered to any point between these limits; 
The Schrader tire air-pressure gauge is shown attached to the for service in reducing pressure on pneumatic tools or any other 
Romort automatic air valve. service where accuracy or great durability is desired. 


SOLID TIRES 


Solid tires can be divided into two classes: (1) 
the single, and (2) the dual type. The single solid 
tire is the type in general use. ° It has what is termed 
a hard base pressed on a single solid tire. The rim 
used is a channel-type non-detachable rim. 


The cushion tire is used where more resiliency is 
required. The rubber is softer than that in the 
regular solid tire. Fig. 86 shows a, cushion type of 
tire on a clincher rim, This rim is now obsolete, 


ai and a channel rim, the same as used with other solid 
The original automobile solid tire (Fig. 84) (now tires, is now used. This type of tire is used ae: 


obsolete) was held in place by side wires, sively on fire-department trucks, 
The hard-base pressed-on type of solid tire and The solid. tire mounted on a qui 
rd-t sed~ uick detachabl 
channel rim is shown in Fig. 85. demountable rim is shown in Pe aie, This rim, a 
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now obsolete, the principle involved in the hard-base 
pressed-on tire being used instead. 


Cis) aD: 


~ a ons re 
a «(5 1) 
=: (ai 


Fig. 88 Fig. 89 

The dual solid tire (Fig. 88) is now being replaced 
with single Giant solid tires. The dual construction 
consisted of sections or blocks, mounted on demount- 
able rims. * 


The dual pneumatic tires for truck use (Fig. 89), 
mounted on quick-detachable side-ring type rims 
is now seldom used; instead, the Giant pneumatic 
cord tire, or the Giant solid tires are used. 


The Giant single solid tire (Fig. 90) is the type of 
solid tire in general use for heavy trucks. It has a 
hard base and is pressed on the rim. 


Standard Sizes of Solid Tires and Carrying 
Capacity 


The solid tire in general use is divided into three 
classes: 


1. The “Regular” single solid tire. 
2. The “Cushion” solid tire. 
3. The “Giant” solid tire. 


Carrying Capacities of Firestone “Regular” 


Solid Tires and also ‘“‘Cushion”’ and 
“Giant” Tires 


For tires of 36” or less: 


3 inch, maximum load per wheel, 1,000 lbs. 
31% inch, maximum load per wheel, 1,300 Ibs. 
4 inch, maximum load per wheel, 1,700 lbs. 
inch, maximum load per wheel, 2,500 lbs. 
inch, maximum load per wheel, 3,500 lbs. 
inch, maximum load per wheel, 4,500 lbs. 
inch, maximum load per wheel, 5,500 lbs. 
10 inch, maximum load per wheel, 7,500 lbs. 
12 inch, maximum load per wheel, 9,500 lbs. 


Dual solid rubber tire capacities are figured by multiplying 
the figures given above by 2. 


CONTS Or 


For tires of 38’” and 40”: 


5 inch, maximum load per wheel, 3,000 lbs. 
6 inch, maximum load per wheel, 4,000 lbs. 
7 inch, maximum load per wheel, 5,000 lbs. 
8 inch, maximum load per wheel, 6,000 lbs. 
10 inch, maximum load per wheel, 8,000 lbs. 


12 inch, maximum load per wheel, 10,000 Ibs. 
14 inch, maximum load per wheel, 12,000 lbs. 


Standard Sizes of Firestone Regular Solid 


Tires 
32 x 3 386 x 34% 36 x 5 
34 x 3 32 x 4 40x 5 
36 x 3 34 x 4 34 x 6 
32 x 3% 36 x 4 386 x 6 
34x34 34 x 5 40 x 6 


Standard Sizes of Firestone Giant Solid Tires 


oles 7 36 x 10 
30x 7 40 x 10 
40 x7 36 x 12 
34 x 8 40 x 12 
36 x 8 40 x 14 


Cushion solid rubber tires are made in the foregoing sizes 
except 32x 3,653, 4026 3457 34 x 8 36 x 12, = ; 


Solid Tire Troubles 


Solid tire troubles occur mostly as a result of cuts 
and bruises which soon cause the tire to wear rapidly. 
These are caused by driving in car tracks, by chains 
being too tight, wheels being out of alignment, by 
ee by overloading, by speeding on bad roads, 
etc. 


The solid tire cannot be successfully vulcanized. 


_ Therefore the only recourse is to run the tire for as 


long a time as possible. 


Chains for Solid Tires 


Chains for solid tires are a very important factor, 
as the solid tire has a-tendency to skid—more so 
than pneumatic tires. They are also essential for 
gripping the road, snow, ice, etc. 


Several methods of applying chains and grips are 
shown below. 


Fig. 93 (upper) 


Fig. 91 Fig. 92 
Fig. 94 (lower) 
Fig. 91. Weed solid tire chains for single solid tires. 
Fig. 92. Weed solid tire chains for dual solid tires. 
Fig. 93. Woodworth solid tire chains. 
Fig. 94. Mud hooks. 
25 GEEED 
Vy @ py 1/ X 
fhe srs Oak 
fal Sak (sal 
ca A 
OWT TL 
SECTION THROUGH AA 
3/g BOLT WITH 
CHECK, NUT 
Fig. 95. Hither twisted links or straight link chains may 


be used on solid tires as shown above. Chains should be 
applied at 4 points on each rear wheel. They should be removed 
when not required. The illustration at the lower left shows 
where clearance will not allow a chain on the inside tire of dual 
construction (Gen’l Vehicle Co.). 
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Increasing the Tire Repair Business 


There are many ways of building up a tire business. Many 
tire repairmen, instead of depending alone upon obtaining work 
from the owner, build up a respectable business through the 
garages and gasoline filling stations. Garage men will not go 
out of their way for this, and therefore the usual discount 
allowed is 25 per cent. Tires can be left at the garage man’s 
place and can be called for by the tire repairman. 


Another way to increase business is to suggest to owners of 
trucks to change the solid tire to pneumatics. Of course you 
would not suggest changing solids to pneumatics on a 5-ton 
truck hauling sand or coal for short distances, but where a 2, 
2%, or 3-ton truck is making daily trips of 75 or 100 miles over 
fairly good roads, it would pay the owner at least to fit the 
front wheels of such a truck with penumatics, and this is the 
business you should look for. 


Before soliciting this work, first consider carefully if pneu- 
matics will do the work. Having decided that the change 
would be an advantage to the owner, the next step is to decide 
the proper size of tire to use. 


This may be done by running the front end of the truck, fully 
loaded, on a scale. Then when you know the weight which 
the front tires are carrying, it is a simple matter to refer to the 
table on page 593, and select a size of cord tire designed to 
carry that weight. 


_ For a 1-ton_ capacity truck, a 34 x 5 cord pneumatic tire 
is the usual size. If only two wheels are to be fitted with 
pheumatic tires, then fit the front wheels with this size. 


For 114-ton capacity trucks, yse 36 x 6 cord pneumatics; 
for 2-ton trucks, 38 x 7 or 40 x 8 Giant cord pneumatics, 
or 38 x 7 on the front and 40 x 8 on the rear. 


The carrying capacities for solid tires and for pneumatic tires 
are given on pages 627 and 593. 


Of course, if a 2-ton capacity truck usually carries light loads 
of a bulky nature, but not up to capacity, the proper course is 
to fours the load carried by each wheel and select tires accord- 
ingly. 


Some of the points to bear in mind relative to fitting a truck 
with tires are as follows: 


Pneumatic tires, of course, will give greater truck protection 
through the absence of vibration, and will also increase the 
radius of travel per day. The minimum speed is increased 
because it is not necessary to slow down for rough spots in the 
road. Jn such work as hauling in oil fields it is almost impos- 
sible to use sold tires, and only pneumatic tires can be used. 
In coal mines and on extremely rocky roads and with heavy 
hauling, the pneumatic tires would be more expensive, and 
solid tires are better adapted here. 


The cushion tire is pressed on to the wheel, just like the 
regular solid tire. The cushion tire might be classed half-way 
between the solid tire and the pneumatic tire, in that it is softer 
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than the solid tire and has greater resiliency, but is a solid tire 
in the true sense of the word. The fire department uses the 
cushion tire to a great extent, and it is also used on 1, 11%, and 


2-ton trucks to a large extent. 


For extremely heavy duty, such as 3 4, 5, and 7 44-ton trucks, 
where extremely heavy loads are carried and at a very slow 
speed, the Giant solid tire is the most economical. 


Very few trucks have the same size tires all around, and we 
find that sometimes most of the load is carried on the rear. If 
the same size tires are carried on all four wheels, then the load 
should be equally distributed. 

For example, suppose we had a truck weighing 4,000 Ibs. 
and it carried a load of 2,000 Ibs.: this would give us total load 
carried by the four wheels of 6,000 lbs., providing the load was 
equally distributed on all four wheels. By dividing the 6,000 
Ibs. by 4, we have 1,500 lbs. load per wheel. Therefore by 
referring to our capacity table on page 627, we should use a 
4” tire which carries a wheel load of 1,700 Ibs. Always figure 
over rather than under. 


If, however, three-fourths of the load is carried on the rear 
wheels, or 4,500 lbs., then one-half of this 4,500 lbs. would be 
carried on each rear wheel, or 2,250 lbs. per wheel. By refer- 
ring to our capacity table on page 627, we find that we should 
ae 2 5” tire on the rear, and a 3” tire would be sufficient for 
the front. 


For the best plan for finding the wheel load for any particu- 
lar size tire: See page 594, which explains how to weigh, and 
how to find out how much of a load each wheel carries. Then 
refer to the table giving the carrying capacity of the different 
sizes of tires, 


When fitting truck wheels with pneumatic tires, which are 
already equipped with solid tires, it will be necessary to have 
new rims fitted to the wheels. This should be done by a wheel- 
wright who specializes on this work. 


The usual cost of such work runs about $15 per wheel plus 
the cost of the rims, with a discount of 20 per cent to the dealer. 
es time required for changing two wheels would be about one 

ay. 

For example, the cost of changing two solid-tired wheels to 
pneumatics would be estimated, approximately, as follows: 


Wheelwright’s charge, 2 wheels at $15.00 ....$ 30.00 
2 34 x 5 rims complete with felloe bands, 


boltsretcie.2 cas ao ket ote At ee 40.70 

2 84.25 cord pneumatic tires at $53.50 ..... 107.00 
2 34 x 5 high-test red inner tubes at $5.85... 11.70 
$189.40 


_ Usually, when the owner of a truck agrees to have the solid 
tires changed to pneumatic tires, he insists on having his solid 
tires traded in on the job. This can usually be adjusted with 
the tire branch, so that an arrangement for taking them on 
trade can be made. 
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OPERATING A CAR: Gear Shifts, Control Levers and Pedals of Some of the 
Leading Cars; Pointers on Selecting a New Car; Judging and 
Testing a Second-Hand Car 


HOW TO OPERATE A CAR 


When learning to operate an automobile, the first 
step is to become familiar with how to start and stop 
the engine and how to control the speed. This can 
be learned best with the engine running. 


_ The simplest way in which this can be done is to 
jack up the rear wheels so that they are clear of the 
ground, letting the weight of the car rest on a solid 
box. The point is to get the driving wheels clear of 
the ground, and free to'revolve without moving car. 


The different speeds may then be handled, and 
the movements of the levers and pedals may be 
gone through with, without being under the neces- 
sity of steering, the steering being the simplest and 
easiest part to learn. Care should be taken to block 
the front wheels so that the vibration of the engine 
cannot shake the car from its support. 


Lever Systems 


There are three types of side-lever systems: (1) 
the type which operates the planetary transmission 
gears; (2) the type which operates the old-style 
progressive gears, and (3) the type which operates 
the selective type of gear. 

The planetary gear type is used on the Ford car, 
and is very simple. See the Ford instruction. 

The progressive gear type is now seldom used. 
Its principle and operation is shown on page 25. 

The selective type is the type most used, and it 
is with this type that we shall deal principally. This 
type is shown on pages 26, 28, 29. 


The gear-shift lever used with a selective trans- | 


mission is constructed in two types: the “gate” 
type, and the “ball and socket” type (page Pa 


The emergency or hand-brake lever is usually 
placed alongside the gear-shift lever. On early 
model cars these levers were placed on the side of 
the car, but are more commonly found in the center 
(see Fig. 3 page 630). For a further description of 
the selective lever operation, see pages 26 to 29. 


Pedal Systems 
The foot brake is a pedal operated by the right foot. 
The clutch pedal is a pedal operated by the left foot. 
The accelerator is usually placed to the right of 
the foot-brake pedal. 


Fig. 1. On most cars the throttle and spark lever are moved 
up to open the throttle and advance the spark. Full open 
throttle and full advanced spark would then be all the way up. 
Full retard would be all the way down. 


Fig. 2. On some few cars the throttle and spark lever are 
moved down to open and advance. 
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Note. 
lever. 


On some makes of cars the long lever is the spark 


The spark and throttle levers are, in most 
instances, placed on the steering wheel. Ona few 
cars they are placed under the wheel on the steering 
post. The throttle lever is usually the longest of 
the two. The movement of the throttle lever, 
whether up or down, to open the throttle is easily 
determined by noting the movement of the throttle 
on the carburetor. The spark lever for advancing 
can also be determined by noticing the direction in 
which it moves the timer or interrupter on the mag- 
neto. Usually the throttle and spark lever are 
pushed up to open and to advance. 


Note that on the Pierce-Arrow “series 32”? and 
the Cadillac “type 61” (pages 638, 635), the spark 
and throttle levers are now made very short. 


Preparing a Car for Service 


Before attempting to drive the car, make sure 
that it is ready for the road. See to the following: 


1. That there is gasoline in the tank at the rear. 


2. That the radiator is filled to the level of the over- 
flow with clean water, or with an anti-freezing 
mixture in. winter. 


3. That the crank case is filled with oil to the level 
indicated by the oil gauge. 


4. That the storage battery is properly connected. 


That the gasoline shut-off cock between the 
vacuum tank and the carburetor is fully open. 


6. That the car is provided with a driving license. 


or 


7. That the fan is working. 


8. If the car has been standing idle for several days, 
it may also be necessary to prime the vacuum 
tank by removing the pipe plug in the cover and 
introducing a pint or so of gasoline (see page 15 )h 
Be sure to screw the plug in tight when replac- 
ing it. 

9. See that the tires are properly inflated (see page 
593). 

10. See that a spare tire is supplied for emergency 
use. 

How to Start the Engine 


Asan example, the Studebaker “Light Six,’”’ model 
“J” will be used. 


Gear-shift lever: See that the gear-shift lever 
stands in neutral (upright) position, where it is free 
to move sideways. 


Position of spark lever when starting engine: The 
automatic advance as well as a hand or manual 
advance of the spark is used on this car. The spark 
lever (short lever) is placed in normal driving posi- 
tion, or about two-thirds of the way to the top of 
quadrant when starting the engine with the start- 
ing motor. 
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SWITCH KEY 


HORN BUTTON 
SPARK LEVER ‘ 
\=sPEEpom- LIGHT 
PEEDOMETER 


OIL PRESSURE 
GAUGE 


FUSE BOX 


Studebaker model ‘‘EJ’”’ control levers, etc. 


Fig. 3. 


If an engine is equipped with a manual or hand 
control alone, and with no automatic advance of 
spark, it is best to retard the spark when starting, es- 
pecially when starting the engine with the hand crank. 


Position of throttle lever: Open the butterfly 
valve in the carburetor slightly by means of the 
hand-throttle lever on the steering gear sector; 
turn the ignition switch to the “On” position. 


If the engine is cold, it will be necessary to pull 
out the carburetor “choke’’ button, located on the 
instrument board (Fig. 3). It may be found neces- 
sary to leave the “choke” button pulled part way 
out for a short time until the engine is warm. (See 
carburetor instructions.) 


Make sure that the gear-shift lever is in “neutral” 
position; then press down on the starter switch. 
The instant the engine starts on its own power, 
release the starter switch. This is important. 


After the engine starts, advance the spark lever 
half-way on the sector. If the engine does not start 
within a few seconds after you have pressed down 


on the starter switch, release the switch, as the con- ° 


tinued use of the starter will discharge the battery. 
Investigate and find out where the fault lies, and 
correct it before attempting to start the engine 
again. (See “Digest of Troubles,” page 454.) 


In connection with the releasing of the starting-motor switch 
pedal, be sure to remove your foot from the starting switch, the 
moment the engine starts, and be sure that the lever springs 
back into its original position, 


The time required for the operation varies from one half- 
second under good conditions when the engine is warm, to from 
five to ten seconds for cold weather starting, If the engine does 
not start within the period mentioned, release the starting 
switch, since you will know that something is out of adjustment 
and that you are throwing an undue strain on the battery. 
(For a full explanation of this operation and the proper care, 
see the starting-motor instructions, referring to the type of 
motor system with which cars are equipped.) 


Cranking the engine by hand: If, for any reason, 
the driver wishes to crank the engine by hand, the 
adjustment for starting should be the same as for 
operation of an electric starter except that the spark 
should be retarded. When cranking by hand, be 
sure to make the crank engage at the point with the 
handle nearest the ground. Then it should be 
pulled up clockwise with a short, snappy pull. 


While on this subject, an explanation should be 
given of the proper method of cranking an engine, 
as illustrated in Figs. 4, 5, and 6. The reason for 
the necessity of starting a gasoline engine, either by 
cranking by an electric motor, or by hand, is ex- 
plained on page 31. 
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Fig. 5 


Fig. 4 Fig. 6 


Fig. 4 shows the proper method of grasping a starting crank. 


Fig. 5 shows the direction as indicated by the arrow point, 
in which to pull up on the crank with a quick, snappy pull, in 
order to spin the engine crank shaft. With the crank grasped 
as shown in Fig. 4, and the “‘pull-up” made as in Fig. 5, there 
is no chance for a back-fire of the engine to cause a kick-back. 


In Fig. 6, note that if the starting crank is pushed down, and 
if the engine should back-fire, which often occurs, when the 
engine is being slowly cranked, if—under these conditions— the 
spark lever is advanced, the full force of the kick-back is against 
the arm, and a sprained or broken wrist may result. Never 
push down on a starting crank to start an engine. Pull up. 


Another point to remember is, do not tire yourself out by 
continually cranking, if an engine does not start after cranking 
five or six times. Find the cause of the failure to start. 


After the engine is started, close the throttle and 
place the spark lever about half or two-thirds on 
sector until the engine runs slowly and evenly. On 
the Studebaker “EJ,” the instructions are to place 
the spark lever at full manual advance; on the 
Buick, about half-way, and on the Westcott, at 
two-thirds advance. 


As the engine warms up, the “choke,” button 
should be pushed in; in fact, this should be done 
as soon as possible. 


Never allow the engine to run any length of time 
with the air regulator turned to “choke,” as this 
gives an excessively rich mixture and uses an ab- 
normal amount of gasoline. 


Handling the Spark 


Ordinarily, on most engines using an automatic 
advance of spark, the spark lever should be about 
half to three-quarters of the way to the top of the 
quadrant for normal driving conditions. On the 
Studebaker “EJ,” the automatic spark advance for 
starting and running speeds is full advance ; on the 
Westcott, using an automatic advance, the spark 
lever is placed about three-quarters of the way to 
the top of the quadrant or sector; on the Buick 
about half way. The automatic spark advance, 
which is incorporated in the ignition system, will 
control the spark position without furthér attention 
on the part of the drivér. It is arranged so as auto- 
matically to advance or retard the spark to the 
proper position, depending on the speed of the 
engine; but as the car slows down, as on ascending 
a steep hill, or when negotiating a heavy road, it is 
necessary to retard the spark lever by hand until the 
engine runs smoothly and without knocking. 


With engines not equipped with an automatic 
advance of spark, it is best to start the engine with 
the spark lever near full retard, and then, after 
the engine is started, it should be advanced. The 
exact location of the lever will depend upon the 
speed of the engine. 


Just how much the spark should be advanced, or, 
rather, how much spark advance the engine will 
stand, depends largely on how fast it is running. 
The faster the engine is running, the more the spark 
should be advanced. Bear in mind constantly, 
however, that there is such a thing as overdoing it 
and advancing the spark lever too far. When this 
is done, the ignition takes place before the charge has 


been fully compressed, and consequently the piston 
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is obliged to overcome the pressure of the expanded 
gases of the exploded charge before it can commence 
on its power-delivering stroke. 


Furthermore, when the spark is advanced too far, 
a slight pounding noise in the engine is the result. 
This pounding is sometimes not noticed by the 
beginner, as it usually is but slight, owing to the 
substantial construction of the crank shaft, and by 
the uninitiated it is often accepted as permissible. 


Advancing the spark too far is very injurious, 
because by it the bearings, crank shaft, and connect- 
ing rods are required to withstand strains which 
are greatly in excess of those produced when the 
ignition occurs at the proper moment. 


The engine should never be allowed to run for 
any length of time. with the spark retarded. 


With a retarded spark and a late explosion, the 
combustion or burning of the charge of gas is not 
complete. This causes a great amount of carbon 
to be deposited on the walls of the cylinders, combus- 
tion chambers, piston heads, spark plugs, etc. It 
also causes the engine to heat to a much higher 
temperature, which causes a very severe action on 
the valves and valve seats. When the charge is 
ignited at just the right instant, the combustion is 
practically complete, so that when the valves open 
a thoroughly burned charge passes out. On the 
’ other hand, when the charge is ignited late, the 
charge is still burning when it passes through the 
valve opening and tends to heat, burn, and scale, 
and to cause pits on the valve and valve seats. In 
time, this creates a condition which prevents the 
valves from seating properly or fitting tightly, and 
therefore a loss of compression and a corresponding 
loss of power is the result. 


Starting a Car—Shifting Gears 


How to start a car: After the engine has started, 
be sure that the oil-pressure gauge and ammeter are 
indicating properly; then release the hand brake. 
Place the left foot on the clutch (left) pedal (see Fig. 

3), and press it forward as far as it will go, thus dis- 
engaging the clutch. The engine is now running 
independently of the transmission, the gear-shift 
lever is supposed to be in “‘neutral” position, and the 
clutch is held “out” by the left foot. The next 
operation is to place the right hand on the gear-shift 
lever and to move it to the left, sidewise, and pull it 
back into “first’’ gear position. 


Next, slowly release the pressure on the clutch 
pedal, at same time pressing easily on the accelerator 
pedal with the right foot, to increase the speed of 
the engine. As the clutch takes hold, the ear will 
commence to move forward. 


Shifting from first to second gear: When the car 
is moving about four to six miles an hour, the gear 
shift from “first” to “second” gear should be made. 
This is done by disengaging the clutch, as explained 
above, and moving the gear-shift lever forward to 
“neutral” position, then to right and forward again 
to “second speed” position. _Re-engage the clutch 
and accelerate as before. The gears are now In 
“second gear” position. (See gear-shift movement 
of the Studebaker at the lower right-hand corner of 
Fig. 3, and of the Buick, Fig. 9, page 635.) 


Shifting from second to third or high gear: The 
car should be accelerated to about eight to ten miles 
an hour, and the gear shift from “second” to “third 
gear should be made by pulling the lever straight 
back, the clutch being disengaged as before. 
“Third” or “high” gear is used in all ordinary driv- 


ing, but there are times when it is necessary to shift 
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to second gear: for instance, when climbing hills, 
or when on rough or heavy roads, or when slowing 
down for traffic. 


To increase the speed of the car under these 
conditions, the butterfly throttle valve of the car- 
buretor is opened gradually, by means of the acceler- 
ator, and the spark lever should also be advanced as 
the speed increases. 


Pointers on Shifting Gears when Starting Car 


When shifting from a lower to a higher gear, as 
when first starting, it is important that the speed of 
the car be accelerated just before making the change, 
so that the two gears that are tobe meshed together 
will be running at approximately the same speed. 
The proper handling of the clutch pedal and acceler- 
ator so as to make the motor “pick up” its load 
quickly, and at the same time prevent it from ‘‘Tac- 
ing’ when the clutch is released, requires consider- 
able practice. 


In changing gears, especially when starting the 
car from a standstill, always let the clutch pedal 
come back gently, otherwise, a quick release of the 
foot clutch pedal will let the clutch take hold with 
a violent jerk. 


In shifting gears from one speed to another, the 
motion should be made firmly and without hesita- 
tion. If the gears fail to mesh correctly the first 
time, release the pressure on the control lever and 
clutch pedal for a moment and try again. With a 
little practice, the various changes can be made 
easily and without noise. 


When there is a grinding noise on shifting gears, 
it is usually the result of the clutch not being 
“thrown out’ sufficiently, and the engine is thus 
driving the main transmission shaft. By pressing 
firmly on the foot clutch and quickly shifting the 
gears, the shift should be made without a particle of 
noise—providing the clutch pedal is not released 
until the shift is made. 


If there is noise, such as a clashing of gears, with 
the foot clutch pedal thrown out fully, then the 
clutch is dragging, or the transmission main shaft 
bearings are worn. 


Most cars use a selective type of transmission, 
giving three forward speeds and one reverse speed. 
The Locomobile uses four speeds forward and one 
reverse speed. The Pierce-Arrow (Fig. 21, page 
637) also uses four forward and one reverse. The 
“series 32”? model (Fig. 22, page 638) uses three 
speeds forward and one reverse. 


Stopping Car and Engine 


To stop the car, slow down the engine by removing 
the foot pressure on the accelerator pedal by press- 
ing down on the clutch pedal .with the left foot. 
Then disengage clutch, gradually press down on the 
foot-brake pedal (right pedal), so as to bring the car 
toa gradual stop. At the same time move the gear- 
shift lever to “neutral” position at which time the 
foot can be removed from the clutch pedal. After 
the car has stopped, apply the hand brake by pulling 
the hand-brake lever to the rear. Never leave the 
car standing with the hand brake released. 


If the road surface is wet and slippery, a greater 
breaking effect may be had by pushing in on the 
foot-brake pedal intermittently, 1.e., hold the brake 
pedal down for an instant only, then release and 
apply again. Keep doing this until the car is 
brought to a stop. If the brake is constantly 
applied, the rear wheels will be locked and traction 


will be lost. 
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To stop the engine, turn the ignition switch off. 
Before doing so, however, it is good practice to 
open the throttle with the hand-throttle lever, thus 
permitting the engine to take in a full charge of gas 
before coming to rest and leaving it ready for a 
quick start next time; also move the spark lever to 
the starting position and set the hand brake before 
leaving the car. 


Lock the ignition switch when leaving the car 
standing alone. Never leave the car with the 
engine running, as this is a useless waste of gasoline, 
and there is always a chance that someone may 
throw the gears into mesh. 


Reversing 


To reverse the motion of the car, it is first neces- 
sary to stop the car. Never attempt to shift into 
“reverse” gear when the car is in motion. With 
clutch disengaged, move the shifting lever to left 
and forward, and then gradually engage the clutch 
and accelerate the engine as before. One rule that 


the driver must always remember is that the clutch - 


must be disengaged whenever gears are shifted. 


Starting Car on a Grade 


To start a car when on a grade, start the engine 
as before; then release the hand brake and hold the 
car with the foot brake while shifting gears. Now 
accelerate the engine with the hand throttle while 
gradually releasing pressure on both pedals together. 
It takes practice in operating the clutch and brake 
pedals to make the one take hold while releasing the 
other without “stalling” the engine. 


Shifting from a High to a Lower Gear after 
Car Is Under Way 


Shifting down is the term used when a car is 
running on high gear and it is desirable or necessary 
to shift to a lower gear. 


Shifting from third or high to second: To shift 
from “third” or “high,” to “second” gear, disengage 
the clutch; accelerate the engine to approximately 
twice the revolutions at which the engine was turn- 
ing Over previous to shifting gears; then push the 
lever to “second” gear position and re-engage the 
clutch. 

“Low” or “first” gear is ordinarily used only in 
starting, but in exceptional cases of very heavy 
pulls, it will be better to shift back to “first”? gear, 
which is done in a similar manner as the shift from 
“third” to “second.” In coming to a bad piece of 
road, full of ruts, bumps, or holes, it is best to shift 
immediately into “second,” or “first”? if necessary. 
Thus, you have much better control of the car and 
can pick up more readily. When using lower speeds 
you can control the car almost entirely with the 
accelerator, letting yourself down easily into holes 
and over bumps without having to slip the clutch. 


When passing through traffic, it is sometimes 
desirable to change to a lower gear on level ground 
without slowing down the car. To attempt this by 
de-clutching and putting the lever directly into the 
lower speed notch—in the same way that this is 
done while ascending a hill—would be to invite a 
very noisy clash of the gears. 


Instead of this, the change is made in three pro- 
gressive steps, as shown in Fig. 7, and the speed 
of the car is not reduced to any appreciable degree. 


_ The first movement shown at (A) in the illustra- 
tion (Fig. 7) is to disengage the clutch and shift the 
gear-shift lever forward from high to neutral (center 
position as shown in the dotted lines). This leaves 
the car coasting with the engine running. 
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The clutch is now let in, and the levers are in the 
position shown at (B). Now this is the point at 
which skill is required, and where practice is neces- 
sary. 


GEAR SHIFT 
LEVER 


CLUTCH PEDAL IS 
RELEASED AFTER 
SHIFTING 


CLUTCH PEDAL 
DEPRESSED 


Fig. 7.. Example of shifting from high to second gear while 
the car is in motion: (A) clutch out and gear-shift lever brought 
to neutral; (B), gear-shift lever in neutral position; (C), clutch 
out and gear-shift lever pushed forward to second; clutch is 
then released. 


The engine is speeded up until it is turning over at 
the same rate of speed as it would be were the low 
speed engaged. It will take a little practice to 
accustom the ear to judge by the sound of the 
engine whether it is turning over at the correct 
speed or not. 


After the engine is speeded up to the proper de- 
gree, the clutch pedal is depressed, and the change 
gear lever brought into second speed gear as at (Ce). 
The same method will apply in going from second 
to first: 


Changing from higher to lower speed on a grade: 
When the car is facing upwards, it is a little more 
difficult to be able to judge when the speed is 
sufficiently great to justify a change from first to 
second speed. The hill may be of such slope that 
it is an easy matter for the car to take it on high in 
ordinary running, but may still be so steep that the 
pause in the gear-shifting act is sufficient to cause the 
speed to drop considerably. In a case of this kind 
the driver should be able to judge at just what 
speed he should throw out his clutch and make the 
change. The steeper the hill, the greater will be 
Pees required before the change can safely be 
made. 


Trouble in dropping to lower speed on a hill can 
be averted if the critical moment at which to make 
the change is learned. If the driver waits too long, 
he may “kill the engine,” and sometimes place 
himself in a very serious position. 


If he tries to make the change too soon, he will 
clash gears. 


By changing at the critical moment, however, an 
easy, quick change can be made. 


“Running in”? a New Car 


When setting up and starting any new piece of 
complicated machinery, you would ordinarily expect 
to watch it pretty closely, and go a little easy with 
1b until its various bearings, parts, etc., had become 
thoroughly “worked in.”’ An automobile is no 
exception to the rule. While every bolt and nut in 
the automobile is drawn tight, and secured with 
either cotter pins or lock washers when the car leaves 
the factory, nevertheless it is advisable to go over a 
few of the more important points and make sure 
that everything is in perfect shape. 


The following points should receive your special 
attention during the time that the car is being 
driven the first few hundred miles: 


Between the upper crank case and the oil pan, or 
between the cylinder heads and the cylinder block, 
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there are usually gaskets. During the first few 
days of service a gasket may become slightly com- 
pressed, thus loosening the crank case to oil-pan 
bolts. Consequently it will pay to go over the nuts 
on the bottom of the oil pan with a wrench and 
tighten them up. Drive a few days, and try them 
again. Continue to do this until the gasket has 
become fully compressed and the parts have settled 
into permanent working position. If you will take 
this precaution, the joint will be absolutely tight 
and you will never have any trouble, such as loss of 
oil or water, and dirt being washed into the oil pan 
and then circulating with the oil through the bear- 
ings, causing excessive wear and cutting. 


At first, it will be well occasionally to go over all 
of the bolts that hold the engine to the frame, and 
see that they are kept tight. If you find them per- 
fectly tight after inspecting them two or three times, 
you need never fear that they will loosen up. 


It is advisable to put a wrench to all nuts on dif- 
ferent parts of the car and make sure that they are 
perfectly tight after it has been driven a hundred 
miles or so. When they have once been screwed 
up as tightly as possible and the car has been 
thoroughly “run in,” there will not be so much 
danger of loosening up and causing damage. 


Spring clips will loosen if the nuts on the clips are 
not tightened occasionally. It is very important to 
tighten these nuts often. 


Fender bolts also demand attention. 


The universal joints should be kept well supplied 
with grease. 


Lubrication of anewcar. It is needless to remark 
that lubrication is one of the most important things 
to look after on a new car. All parts should be 
thoroughly lubricated and greased as directions 
provide. Follow the lines there suggested. In the 
absence of directions from the maker, study the 
lubrication subject carefully. 


Remember one thing: cheap oil will cost ten times 
more, maybe a hundred times more in the long run, 
in the way of repairs. The best oil is none too good. 


Also remember that oil should be changed in the 
engine often, for reasons stated on page 167. Just 
how often to change will be determined by the 
amount of gasoline in the oil, which one should take 
particular note of, when changing. 


‘Running in’? a New Engine 

“Running in” a new engine is a very important 
factor in the life of a car. More harm can be done 
during the first few days than one can imagine—if 
eare is not exercised. For an explanation of this, 
read pages 171, 167, relative to the importance of 
lubrication and slow running for the first 500 or 
1,000 miles, in order to work the pistons properly 
to a smooth fit to the cylinders, and so as to avoid 
cutting or scoring the cylinders. See also Index 
under “Reaming cylinder.” 


Don’t race an engine: Never open the throttle 
suddenly, or leave it open very far, when the car 
is standing and the engine is running idle. This is 
known as racing the engine, and there 1s nothing 
more injurious, especially when the engine 1s cold. 
More engines have been ruined by racing while idle 
than have been worn out in actual driving under load. 


When the engine stands over night, don’t immedi- 
ately race the engine to warm it up, because the 
oil has drained from the bearings, the cylinder walls, 
etc. Consequently it is going to take a few minutes 
to lubricate these parts properly. Therefore first 
let it run slowly for a minute or so. 


Hill Climbing 


Until you have become thoroughly familiar with the operation 
of the car, and have mastered the things necessary to make a 
good driver, do not attempt to climb “‘on high” every hill you 
see, just because your neighbor possibly has said that his car 
would do it. There can be nothing more detrimental to the 
eamine, ane driving parts than to try climbing everything on 

igh. 


The first and second-speed gears are placed in the car for a 
purpose, and if the hill that you are approaching is at all steep, 
shift into “second” a little before you are really on the hill. 
Do not try to go into “‘second,” however, at any time unless the 
speed of your car has been reduced to the pace at which the 
second speed would carry you if it had already been changed. 
Many accidents, and serious ones, have resulted from a driver 
attempting to rush a hill “on high,” getting half-way up, and 
having the speed of the engine so reduced that when he came to 
shift into low it was too late; the engine would not then acceler- 
ate sufficiently to carry the car up on low, and possibly the 
brakes were not working just as they should, the result being 
that the car would back down the hill faster and faster, until it 
finally landed in the ditch. Backing down hill with brakes is a 
task for a skillful and experienced driver, and even he cannot 
guarantee a good job. It is a most confusing situation and 
requires the instant exercise of good judgment. 


The secret of successful hill climbing is to keep your engine 
running a little faster at all times than its work requires it to 
run, i.e., to keep it ‘‘ahead” of its work, so that it is ready for 
extra duty without stalling at the critical moment. The fore- 
going does not mean that many hills cannot be climbed ‘‘on 
high,” but it is best not to try until you are sure of yourself and 
of your erty to get into second, or even first if necessary, 
half-way up the hill, and also to determine from the sound of 
the engine whether it is ‘working hard.” If you must go into 
a lower gear on a hill, shift with a quick, firm movement, and 
take care not to let the momentum of your car be reduced 
any more than is absolutely necessary. Every second that 
you have the clutch disengaged on a hill for gear shifting, 
counts, as the car slows down at a very surprising rate. 


If, on climbing a hill on “third,” the engine has been stalled 
before reaching the top, it may require considerable skill to 
start from your standing position on the incline, Immediately 
upon finding yourself in such a predicament, apply the hand 
brake with all your strength, and be sure that the brake ratchet 
catches; then throw the gear-shifting lever into neutral. After 
starting the engine again, push out the clutch (leave the hand 
brake still on), push the gear lever into first speed, and slightly 
race the engine (the only condition under which it is permissible, 
excepting when in a mud hole or the like); then take hold of 
the hand brake and keep the engine speeded until the brake 
has been entirely released, the clutch entirely engaged, and 
a safe start has once more been made up the hill. Experience 
is the best possible teacher where there is a considerable amount 
of hill work to do. 


Importance of the Clutch 


The clutch of an automobile is a device by means 
of which the power of the engine and the driving 
mechanism may be connected or disconnected at 
the will of the driver. This particular part is prob- 
ably used more than any other part of the car, and 
a careful study of its purpose and principle is ad- 
vised. ‘Though the device is simple and its use plain 
at first glance, the clutch, nevertheless, lends itself 
to a number of skillful uses in the hands of the 
experienced driver. Remember always to ‘“‘throw 
out” the clutch before changing gears. 


When the clutch is “let in,” or engaged, this 
should at all times be done smoothly and so gradu- 
ally that the motion of the engine shaft is transmit- 
ted to the drive shaft without jarring. 


A suddenly let-in clutch will do one of two things: 
it will either rack the mechanism of the entire car, 
or stall the engine. With a little practice the left 
foot may be schooled to let the clutch in quickly, yet 
gently and smoothly. 


When you meet a stretch of road covered with 
sharp, broken stones, it is an excellent plan to speed 
your car a little before you reach the stones and 
then disengage your clutch, permittmg your car’ to 
coast over the bad spot. By shutting off the driving 
power you protect your tires against a very destruc- 
tive action, termed the “traction,” which otherwise 
would be set up between the sharp stones and the 


tires. 
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When reversing, remember to bring the rear 
wheels to a dead stop before letting the clutch in. 
Complete familiarity with the motions of going 
from one speed to another and back again shoul 
also be acquired before attempting to run on the 
open road. 


Learn to drive by throttling the engine, instead of 
constantly throwing the clutch out. The average 
driver uses the clutch about twice as much as he 
should. 


Instructions on Steering a Car 
Steering is largely a matter of practice. 


The positions to assume in steéring or driving a 
car are shown in Fig. 8 (2), (3), (4), and (10). A very 
slight movement of the steering wheel or lever is 
sufficient to turn the car, and too sudden a turn 
may cause an upset. 


Fig. 8. Correct and incorrect positions in driving: (1) 
fierce grip, a bad method; (2) correct hold for forward move- 
ment; (3) finish of forward movement; (4) alternative grip 
suitable for many gears; (5) awkward hold of wheel; (6) 
proper and comfortable hold; (7) wrong foot position; (8) 
nervous, uncomfortable position; (9) careless, lounging posi- 
tion; (10) correct ‘‘seat.” (Popular Mechanics.) 


When learning to drive a car, it is a good plan to select a 
straight road, as wide as possible, and with the engine running 
slowly, throw in the low speed. The car will move forward 
slowly, and it will then be necessary to steer. The first inclina- 
tion will be to grip the wheel as tightly as possible, but after a 
little running a light grip will be found sufficient. At this 
ae is necessary to learn self-control first, and not to get 
“rattled.’ 


If the car begins to run off the road, or into an obstruction, 
throw out the clutch and apply the foot brake, so that it comes 
to a standstill. When the excitement has died down, try again, 
and it will not be long before steering comes easily. 


There is no time lost between the turning of the steering 
wheel and the turning of the car; when taking a corner do not 
move the wheel until the car is at the point where turning is 
necessary. 


How to Use the Brakes 


When the brakes are suddenly applied with full 
force to the wheels of a car speeding along at the 
rate of, say, thirty miles an hour, the braking action 
will be so powerful as immediately to stop the rota- 
tion of the driving wheels—but the car will not come 
to an immediate standstill ; its momentum will send 
it forward, and the locked rear wheels will slide over 


the ground with most destructive effect on the tires. , 


When you consider that in railroad practice the 
so-called “flat wheel” is produced by too sudden 
braking, you will be able to appreciate the effect 
which a similar practice must have on the soft rub- 
ber tires of an automobile. 


Bear in mind, therefore, that the best method of 
using the brakes is that. which applies pressure. on 


__ linings. 
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them so gradually that the forward movement: of 
the car and the rotation of the wheels come to a stop 
together. 


Nothing is more severe on a car than the spec- 
tacular stopping often indulged in by ignorant 
drivers, in an effort to “show off.” 


The careful driver shuts his power off before he 
reaches the stopping point and permits the car to 
carry him along on its momentum, bringing it, with 
a gradual application of the brakes, to a halt at the 
exact spot. 


In order to slow down gradually, as when ap- 
proaching a crossing, close the throttle and apply 
the foot brake without disengaging the clutch. It 
is more economical to wear out the brakes than to 
wear out the clutch. Itis of course necessary to dis- 
engage the clutch when making a complete stop. 


Whenever it becomes necessary to slow down 
quickly, release the clutch first; that alone will have 
an immediate slowing-down effect on the movement 
of the car, because it disconnects the power. If 
additional checking is needed, apply the foot brake, 
or, for a quick stop, the foot and hand brakes 
together. To make it plain, the clutch pedal goes 
down first, the brake pedal next. 


If a full stop is not desired, assuming that the 
emergency has passed, release the brake pedal first, 
then let the clutch pedal come up. If you did the 
reverse, the engine would be compelled to pull 
against the brake, with a consequent rapid wearing 
down of the brake lining. (See also “Brake adjust- 
ments,” under the discussion of the repair subject.) 


No motorist is qualified to give his car the best 
care until he has mastered the control of the gears 
and of the brakes. 


Slipping brakes are usually caused by oil working 
out the rear axle on to the brake lining. 


If a grade is long and steep, use the foot and hand 
brakes alternately. This equalizes the wear on 
them, and also gives them a chance to cool, 


If the Brakes Fail 


If the engine stops while descending a hill, the 
brakes should be thrown on at once to keep the car 
under control. If poor adjustment of the brakes 
renders them insufficient for this, then place the 
gears in low speed. This will tend to check the ear. 
It is then a matter of steering the car to the best 
advantage. 


If, when ascending a hill, the engine stops and 
the brakes fail, try putting the gears in reverse. 
This will then turn the engine in the right direction, 
and ought to-start it. It may be possible to steer 
it—owing to its extremely slow speed—off the road 
into a bank or other obstruction that will stop the 
car without much damage to it or to its occupants, 


Stopping a Car on an up-grade and starting again 
requires skill, for the brakes must be withdrawn and 
the clutch let in at the same instant with one move- 


ment. 


On a long descent, when you find it necessary to 
use the brakes constantly, apply the hand and foot 
brakes alternately, to avoid burning out the brake 


OPERATING A CAR 


On extremely steep hills, when descending, the 
maximum of resistance and the best control may be 
obtained by shifting into first gear, switching off the 
ignition, and applying the brakes at intervals. Just 
before reaching the bottom of the hill, with the car 
still moving at a fair pace, close the ignition switch 
and the engine will start firing agaip. 

_ Note. There is a disadvantage in opening the ignition 
circuit. When it is closed at the bottom of a hill, the gas 
drawn in may have accumulated in the exhaust pipe and 
muffler. Cases have been known where this gas was ignited 


and disrupted the muffler. When throwing on the ignition, 
don’t open the throttle too wide. 


When the Car Skids 


Although the driver feels helpless at first, a little 
experience will soon give him confidence. Most 
skids can be corrected by the manipulation of the 
steering and brakes. An expert driver can keep his 
car straight under almost any conditions, but itis 
impossible to explain just how he does it. Usually 
the rear end skids first, and in the right-hand direc- 
tion, this being caused by the crown of the road. 
Under such conditions, the skidding action will be 
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aggravated if the brakes are applied, and the car 
ay be ditched or continue to skid until it hits the 
curb. 


In an emergency of this kind the correct action is 
to let up on the accelerator pedal to shut off the 
power, but not entirely so, or it will have the same 
effect as putting on the brake. If the car seems to 
right itself, the power may be applied gradually, 
and it will be advisable to steer for the center of the 
road again. However, if the car continues to skid 
sideways, steer for the center of the road, applying 
the power gently. This will aggravate the skid for 
the moment, but will leave you with the front wheels 
in the center of the road and the car pointing at an 
angle. By so doing, you can mount to the crown of 
the road again, and the momentum of the car will 
take the rear wheels out of the ditch on the right- 
hand side. It is customary to advise turning the 
front wheels in the direction in which the car is skid- 
ding, in order to correct the action, but this can 
hardly be said to be true in all cases. It holds good 
where there is unlimited side room, but usually the 
car hits the curb, or is in the ditch, before you can 
straighten it out with the steering wheel. 


INSTRUMENTS, CONTROL LEVERS, PEDALS, AND GEAR SHIFTS OF SOME OF THE 
LEADING CARS 


The following illustrations show the hand levers, 
foot pedals, dash or cowl with instruments, and also 
the gear-shift movements of some of the leading 
cars. 
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Fig. 9. Buick, 1921 six-cylinder car. Gear-shift move- 
Hout, is shown at top of illustration. Firing order of engine is 
a2 6,15;19- 


The purpose of these illustrations is to familiarize 
the reader with the gear-shift movements and the 
location and purpose of the control members. 


Most cars now use the “‘ball-and socket type of 
gear-shift”’ lever. 


The ‘“gear-shift movement,” or the direction in 
which to move the gear-shift lever to obtain various 
speeds, is shown in each illustration. 


Most of the gear shift movements are, what is 
termed the S. A. E. standard gear-shift movement 
as illustrated in Fig. 19, page 29. Some are dif- 
ferent. 


The make of electric system used on these cars, 
as well as on other makes of cars, can be found by 
referring to the Index for ‘Specifications of leading 
cars.” 


The make of carburetor, steering device, rear 
axle, engine, etc., can also be found in these speci- 
fications. 
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Fig. 10. Cadillac type “6x.” Note the short spark and 
throttle levers, and also that the fuel pressure gauge, the 
ammeter, and the oil gauge are 1n one unit on the cowl. 


Gear-shift movements shown above. The firing order of 


the engine is shown on page 84. 
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; inn Fig. 14. Overland “4,” Note that the spark and throttle 
“tevea core nro control is on the cowl board. Firing order, 1, 3, 4, 2. Gear- 
\LUTCH BEDAL PEDAL shift movement is shown. 
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Fig. 11. Dodge Bros. Gear-shift movement is shown on 
floor board. Firing order, 1,3, 4, 2) 
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Fig. 15. Cole model “870.” Gear-shift movement is 
shown. Firing order is 1-8, 3-6, 4-5, 2-7. Parts: 1, carburetor 
choke button; 2, carburetor adjusting button; 3, spark lever; 
4, horn button; 5, throttle; 6, ignition switch; 7, ammeter; 
8, clock; 9, cowl light; 10, oil gauge; 11, speedometer and 
oA : odometer; 12, hand-brake lever; 13, accelerator; 14, starting- 

ee ; ack Pee a oe nel rest; 16, foot-brake pedal; 

: 7, clute edal; 18, -shi ver, 
Fig. 12. Oakland model “84B.”” The gear-shift movement ¥ ee 
is standard §. A. EB. three-speed, as shown in Figs. 14 and 15. 
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Fig. 13. Mitchell model “F.” Gear-shift movement is Fig. 16. 
shown at top. Firing order is 1, 6513) 162 Fae: the Chandler uses ee 8. A. E. standard three- 


MmOnenia. speed gear shift (see pages 27. 29). 
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Fig. 17._ Franklin series ‘‘9-B.” Gear-shift movement is 
shown, Firing order is 1, 4, 2, 6, 3, 5. - 
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Fig. 18. Briscoe. 
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Fig. 19. Hudson model “O.” To start the Hudson engine: 
Place the spark lever near the top; open the throttle slightly; 
place the gasoline feed-regulator lever a little to left of center 
position; when the engine is cold unlock the primer pump by 
turning knob until it releases. Give the plunger two slow 
strokes. Lock again by turning the knob until the pin lines 
up with the slot. Then press in and give a quarter-turn. 
Notice that the primer must always be locked when driving; 
turn on the ignition switch; press the starting pedal and 
release it when the engine starts. 


Tf the engine does not start immediately, turn the air control 
lever, or choke to the right for a few revolutions, and then let 
it go back again. Firing order, 1, 5, 3, 6, 2, 4. 


Ammeter: Shows whether the storage battery is discharging 
or being charged by the generator. It should always show 
charge when the car is traveling over 10 m.p.h. with the lights 
out. See page 397 for wiring diagram. 


Oil-pressure gauge: Simply an indication as to whether the 
oil pump is delivering oil or not. It should always show pres- 
sure when the engine is running. It does NOT register the 
quantity of oil being delivered to the motor. That is governed 
by an adjustment of the pump itself. See page 163. 


Carburetor control: The upper lever adjusts the amount of 
fuel allowed to enter the motor. The lower one is a choke to 
facilitate starting in cold weather or when the motor has been 
idle for some time. See pages 136, 137 for Hudson carburetor. 
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Vacuum pump: Used for filling the vacuum tank ( 

; 9: Used fo the vae see (14), 
Fig. 1, page 113) when it has become emptied. eee 
the motor supplies the vacuum necessary to deliver the fuel. 


Spark lever: Controls the distributor and spark timi 
The distributor is controlled by an automatic acgecting nae 
ism, but to obtain all-around efficiency, the spark must also be 
controlled manually to a certain extent. If the engine shows 
a tendency to knock on a heavy pull, gradually retard the spark 
until the knock ceases. It is a good rule always to carry the 
spark advanced as far as possible without the engine exhibiting 
any tendency to knock. See page 397 for electrical wiring 


diagram. 
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Control ADO ASI a 7 
= R 2 
eS ‘ ; 
S \ S 
Carb. ‘Ni 
ae ir Contro! # S 
rburetor ‘ 
Gas Control 1 *y 3 
Fig. 20. Essex model “A.” Firing order, 1, 3, 4, 2. 


Pierce-Arrow dash and control units (1918-19 
(Al) accelerator 
pedal; (B) steering wheel; (B1) brake pedal; (C) dimmer but- 
ton; (D) Klaxon horn button; (E) hand-brake lever; (F) gear- 
shifting lever (see pase 27); (G) clock; (H) handle to operate 


Fig. 21. 
model): (A) gasoline regulator on column; 


ood; (I) autometer or odometer; (J) knob 
for setting tenths of a mile; (K) speedometer; (L) knob for 
setting odometer trip figure back to zero; (M) gasoline gauge; 
(N) dash lamp; (O) oil gauge; (P) ammeter; (Q) spark lever 
(see top illustration); (R) throttle lever; (S) left-hand dash 
cabinet door; (T) lighting switch; (U) starting button; (V) 
hand-pressure pump handle (arrow pointing to the right for ‘‘off” 
position; arrow pointing to the left for “‘vent’’ position) ; ww 
plunger for priming; (X) starting switch (lock above); (Y 
starting-switch handle; (Z) clutch pedal. 

On some of the Pierce-Arrow models of cars as shown above, 
the switches (X) and (Y) are two lever switches: ignition and 
lights, with starting button (U) mounted above the two levers 
and a Klaxon horn button in the top of the steering column. 
Note that on this model and on prior models of the Pierce- 


ventilator (VL) on 


- Arrow car, the throttle and spark levers are placed under the 


steering wheel. See page 27 for the four-speed gear shift of 
this model. 

Pierce-Arrow 38 and 48 h.p. cars each have four speeds for- 
ward, and one reverse; direct on fourth. The rear-axle gear 


ratio on the 38 h.p. is 3.78 to 1, and 3.53 to 1 on the 48 h.p. 


38 h.p. 48 h.p. 
1st speed (trans ratio).....-- SOR Onlmeiane a detOme 
2d speed (trans ratio)....--. EDO Mod eel OstOnm 
3d speed (trans ratio)......- 65 tol... .1.65 to Lf 
4th speed (trans ratio)....... direct .... direct 
Reverse (transratio)......- 4.66 tol... .4.93 to 1 
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gauge; (43) locking switch; (44) hand-pressure pump; (45) 


R ND. tarting button; (46) panel-light button; (47) side and tail- 
es Lakh patton: dey head, tail-eht button; (49) clutch pedal; 
CARB, MIXTURE sist (50) brake pedal; (51) accelerator pedal; (52) carburetor 


REGULATOR adjustment; (53) throttle lever; (54) spark advance lever; 
(55) gear-shift lever; (56) hand-brake lever; (57) dimming 


button. 


Locomobile 48, series seven, rear-axle ratio is 3.85 to 1. 
Transmission gear ratio is as follows: 


ist speed. .eelaeern cose eee ree 15.40 to 1 

2d. speeds rig, oan oe po eee ee 7.89 to 1 

: BO BDCEG AH ore eeepioe See oe oe ee 5.38 to 1 
DUROTUR EVER 4th speed (direct) .& ast eae oe eee ee 3.85 to 1 
Sea ReEVOCrSe is: 5s.55 Sahn tae eee 21.75 to 1 
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LIGHTING SWITCH PANEL 

Fig. 22. Pierce-Arrow “series 32,’? 1921. Note the short 
spark and the throttle levers on the steering wheel. See Index 
for the rear-axle ratio of Pierce-Arrow ‘‘series 32”? car. Three 
forward speeds and one reverse are used on this car. Radiator 
capacity is 714 gallons; gasoline tank, 26 gallons; engine oil in j 
crank case, 18 pints. To start the Pierce-Arrow engine: 


1. Be sure the gear-shift lever is in neutral. 


2. Insert“the switch key and turn one complete turn to the 
left. Pull out the ignition button stamped ‘‘Double.’’ 


3. Advance the throttle (right) lever 114’. 

4, Advance the spark lever about halfway on the quadrant 
for starting and about two-thirds when driving under 
normal conditions or up to 50 m.p.h. 

5. Prime the engine by pulling out for an instant on the 
priming button. 

6. Press firmly on the starting plunger and release as soon as 
the engine starts under its own power. 

7. Close the throttle until the engine runs slowly. 

8. If necessary, move the dash carburetor regulator until the 
engine runs evenly without missing, by turning to the left. 

9. Allow the engine to run a few minutes until it warms up. 
It will run a great deal smoother and pull better when it 
starts to move the car. 


10. When the engine is thoroughly warmed up, turn the dash 


carburetor regulator back to normal (center) position. Fig. 25 Fig. 26 
Firing order, 1, 5, 3, 6, 2, 4. / 2 ; ' 

SPARK eRconne HANDAR Fig. 25. Locomobile operating levers. 

RETARORE Anise eS i a Fig. 26 shows the four-speed “gate” type of selector, giving 


THROTTLE ens pe: the movements of the lever for 1st, 2d, 3d, 4th, and reverse. 
LEVER, 5 See Fig. 17, page 100, for the Locomobile steering device. See 
page (0 for Locomobile valve timing. Firing order, 1, 5, 3, 
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Fig. 23. Packard Twin-Six, models “3-25” and “3-35”, in- 
strument board and controls and gear changes. 
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Fig. 28. Reo models “T6” and “U6.” Note that the com- 
bination switch for the ignition, lighting, and carburetor control 
is mounted under the steering wheel. The carburetor control, 
when moved towards ‘‘Start,’’ enriches the mixture by lifting 
the nozzle needle of the carburetor. The model ““LL3P” Ray- 
field carburetor is used. 


_ The North East model “L,”’ third-brush regulated generator 
is used, as also the North East ignition unit. Spark-plug gaps 
are set at .030’, and the firing order is 1, 4, 2, 6, 3, 5. 


The clutch pedal operates the external brakes on the brake 
drum on the rear wheels, and the emergency (foot brake) 


pedal (right) operates the internal brakes in the brake drums 
on the rear wheels. 
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instrument board and gear shift. 


Hupmobile 
Firing order, 1, 2, 4, 3. 


Fig. 29. 


As an example of the information concerning a car, which can 
be obtained from the “Specifications of Leading Cars” (see In- 
dex), the data (below) concerning the Hupmobile are taken 
from same as follows: 


Model, R; wheelbase, 112’; engine make, own; cylinders, 
4: bore, 314”; stroke, 514”; piston displacement, 182.5; 
cylinder shape, L; cylinder head, detachable; cylinder cast, 
in block; cam-shaft drive, chain; cooling, thermo-syphon; 
lubrication, force through hollow crank shaft; oil pump, gear; 
carburetor make, Stromberg; ignition, Atwater Kent; elec- 
trical system, Westinghouse; rear axle, own;' rear axle type, 
three-quarter floating; steering-gear make, Jacox; hand brake, 
internal on rear wheel; foot brake, external on rear wheel; 
rear-axle bearings, roller; front-wheel bearings, roller. 
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Fig. 30. H.C. S. series 2 and 3 instrument board and gear 
shift. The spark-control lever is the one on the outside of the 
sector of the steering wheel. Firing order is 1, 3, 4, 2. 
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Fig. 31. Lafayette instrument board and control members. 
Gear shifts are as follows: for 1st gear, lever is moved to the 
left and to the rear; for 2d gear, right side forward; for 3d or 
high gear, right side, rear; for reverse gear, left side, forward. 


The number of teeth in the differential ring gear and the drive 
pinion is represented by either of the following combinations 
which would give a rear-axle ratio as below: 


54—11—4.9 tol 
55—12—_-4..58 to 1 
54—13—4.15 to 1 


Note that the 54 is the number of teeth in the master or dif- 
ferential ring gear, and that 11 is the number of teeth in the 
drive pinion. To find the rear-axle ratio, divide 54+11=4.9. 
Therefore the drive pinion or propeller shaft would revolve 4.9 
times to 1 of the rear wheels or axle shafts. 


Engine: Bore, 314”; stroke, 514”; S.A.E. h.p. rating, 33.8; 
actual h.p. developed, in excess of 100; valve lift, 34”; valve 
diameter, 134’; valve-stem diameter, 5/16”; valve-seat angle, 
45°; carburetor, 2’; piston displacement, 348 cubic inches; 


angle between cylinders, 90°; firing order, 4, 2, 6, 8; 1, 7, 3, 5. 
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Fig. 32. Marmon 1922 instruments and controls. The 


controls and instruments will be found grouped conveniently 
about the driver’s seat, as shown in the illustration. The 
clock, speedometer, ammeter, and gasoline and oil pressure 
gauges are centrally located in the instrument board, being 
attached to a die-cast frame which is covered with one piece of 
glass. The instruments have no individual glass over their 


respective dials. 
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The speedometer trip mileage can readily be set at zero with 
the adjusting pin. The season mileage can be changed only 
by returning the instrument to the manufacturer. 


The combination switch, on the instrument board just to 
the left of the steering column, controls the lighting and ignition 
circuits. _The ignition lever has two positions, the “ON” and 
the “OFF.” The lighting lever has three positions. Firing 
orders leon oop eee 

The location of control members not shown in the illustration: 
The clutch pedal is the left foot pedal; the foot-brake pedal 
is the right foot pedal; the accelerator pedal is between the 
two pedals; the starter-switch pedal is just above the toe board. 


The gear-shift movement is the standard S. A. E. three 
speed, as shown in the illustration. 

The rear axle is shown on page 16. The steering device and 
its adjustments are explained under ‘Adjustment of steering 
devices’’ (see Index). 

The engine is a six-cylinder engine with overhead valves, 
the principle of which is shown in Fig. 92, page 53. Note in 
this illustration that the valve push rods are shown on each side 
of the cylinder, in order to explain the action of both valvesin the 
head, whereas, all of the push rods are on one side of the cylinders. 


The pistons used in this engine are of a different design from 
other pistons; see Index under ““Marmon pistons. 


The bore and stroke of the engine are 6 34’’x5 14’, and the 
piston displacement is 339.7. 


POINTERS ON SELECTING A NEW CAR 


Power: This is determined by the number of passengers to 
be carried and the condition of the roads. If the country is a 
flat district, a low-powered car will do efficiently and infinitely 
more economically what in a hilly country would necessitate 
perhaps nearly twice the power to do the work on high gear. 
For hilly country a car with a low reduction to the rear axle 
should be selected in order that the engine may take the hills 
on high gear. 


Body: This is not much a matter of choice nowadays, as 
the cars are all built in large quantities and to a standard type. 
Putting aside for the moment the case of those who, from 
consideration of price alone, would confine themselves to a car 
of power and size suited for a two-seated body only, it is best 
to have a “‘touring car’? body of 5-passenger type. Though 
the back seats may be used only once in a while, they are never- 
theless too often wanted if not there, and the advantages of 
being able to give friends a lift and of having plenty of room for 
luggage and parcels are well worth the slight difference. 


Enclosed bodies: The touring-car body is equipped with a 
very serviceable top, and, in combination with a glass front or 
wind shield and suitable side curtains, this type of body can be 
converted into a fairly weatherproof vehicle. 


The coupe and cabriolet body (page 5) is a very popular 
type for business purposes, as it protects one from the dust and 
weather, and is a very comfortable type of body for winter use. 


more power and gasoline, and there is usually a greater depreci- 
ation in its value. tosed car 1s generally geared lower 
than an open car, thus relieving the strain on the engine. 


The limousine is a more elaborate type of body and is used 
where a chauffeur is employed, as the driver’s seat is separate 
from the other seats. 


The price with many fixes itself; that is to say, their means 
enable them to decide in a very short time how far they can go. 
In any event, to arrive at a maximum figure one must include in 
the calculation a sum not less than, say, $75.00 to $100.00 for 
a small car, and so on in proportion to the size, in addition to 
the purchase price, in acquiring those accessories, spare tires, 
and tubes, which are necessary. 


Service: When purchasing a car don’t forget that in time 
you will nee i i 


Constant attention is necessary: Whether you intend to 
employ a chauffeur or to look after the car yourself is a point 
to consider, There is a limit to the size of car which the owner 
can (if the car is kept in pretty constant use) attend to himself, 
unless he be a man of great leisure, and moreover keen enough 
to put up with the drudgery involved. 
the fact that a car will require constant attention, and while a 


Cost of running—or up-keep: Here lies the crux of the whole 
matter. Closely allied with the important question of original 
outlay is that of the running cost, which must be taken into 
consideration to a certain extent, when buying. The size of 
the bill for up-keep bears, of course, a direct proportion to the 
mileage run. As regards the fuel consumption, this item will 
not be a large one in any car up to, say, 25 h.p., unless there is 
some ra lical defect in the system, or a temporary want of 
adjustment. In large and heavy cars the gasoline bill quickly 
mounts up. 


Tires are the largest item in the cost of up-keep, and this 
charge becomes heavier as the speed increases and is again 
directly proportionate to the mileage run. 


There are two kinds of pneumatic tires in general use: the 
“fabric” tire and the ‘‘cord” tire. The “cord” type is the best. 
The initial cost may be greater, but there is a’saving in the long 
run, : 


The non-skid tire should be selected for rear wheels. This 
extra cost is well worth the difference, as the extra wear from 
the extra amount of rubber, to say nothing of the non-skid 
feature, is worth a great deal. 


Small, light tires spell constant trouble, not to mention short 
life. Be sure the car is equipped with tires of ample size to 
sustain the weight and speed; also determine if the size of tire 
is a standard size, and if it can be obtained readily. Many of 
ne ibe sizes have been discontinued (see page 594 for stand- 
ard sizes). 


_ Also determine if the rim is a popular type. The “straight- 
side,”’ quick-detachable, demountable rim is the rim now used 
most. One should always carry a tire inflated on a spare rim 
to replace a damaged tire. It can be mounted on the rim of 
the wheel by loosening a few bolts and without having to use 
an air pump at all. There is also an advantage in having the 
tires the same size on all four wheels. 

Which is the best car to buy? 
daily. After determining the size of car you want, I will tell 
you how I would settle the choice, if I were unable to decide 
otherwise. i 


brings the best price or what make of car sells more readil 
than others. This may help to answer this question. Y, 


Selecting a Commercial Car 


There is a distinction between a truck anda delivery wagon. 
Some of the important points to be decided are: 


What type of car is required for your particular needs—gas or 
electric? 
What horsepower? 
How many pounds capacity shall it have? 
Should several cars be used, or one big one? 
Will the use of trailers result in economy? 
Shall it be equipped with pneumatic or solid tires? 
Can a sea eneed man be given charge of the running and 
Is there any special equipment necessary for greater efficiency? 
Should the car always be loaded to capacity? 
Should the truck have a long or short wheel base? 
Today there are motor trucks and delivery wagons of every 


conceivable size and design. Therefore, it is the probl 
: : em of 
the prospective purchaser to choose carefully the dnd ofa eet 
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best fitted to serve his purpose with the greatest efficiency. It 
is a very common sight to see a heavy type of delivery wagon 
make a trip of several blocks and sometimes miles to deliver one 
or two small packages or baskets of groceries, when one of the 
smaller types of commercial cars could have done it just as 
well and with greater efficiency, reducing materially the over- 
head cost. On the other hand, we have often seen a light 
delivery or a very heavy type of truck making a trip with an 
overload. Thisis just as impractical as an underload, for it 
will ruin the expensive motor equipment, making the car 
depreciation very considerable. 


A very good rule to stick to closely is to have the car filled 
nearly to capacity on every trip that is made. A motor truck 
or delivery wagon should not be chosen with either a maximum 
or minimum load in mind, but an average load. To get the 


greatest efficiency out of a commercial vehicle, keep it loaded 
and moving the largest possible number of hours during the 
working day. 


The manufacturers of large trucks (14% ton and above) 
usually sell the chassis only; the body is usually built by some 
local concern specializing in this work, and is designed to meet 
the individual requirements of the user. The design of a suit- 
able body is a very important factor; a reliable truck dealer 
on materially aid the purchaser in making the correct selec- 
‘ion. 


If electricity is produced in your own plant at a very low 
cost, and it is possible to secure a man who understands and 
can care for storage batteries, then it may pay to investigate the 
electric vehicle. 


JUDGING AND TESTING A SECOND-HAND CAR 


In order that the purchase of a second-hand car 
may be attended with some degree of safety, as to 
its condition, the following tests should be given. 
It will no doubt be impossible for the purchaser 
to make all of these tests, but what follows will give 
a general idea of what should be done to testing or 
overhauling any car. ; 


General Condition 


Ascertain the age, make, and type, and also the 
horsepower of the engine (see Index under ‘‘Horse- 
power’). If the car is an obsolete model or of anti- 
quated design, it will be a difficult matter to dis- 
pose of it later on at any price. Find out if the 
manufacturer is still in business, in order to know 
whether parts can be obtained if required. Do not 
judge a car by its outside appearance alone. Paint 
is ordinarily cheap. 


Tires and Rims 


Many sizes of tires on some of the older cars have 
been discontinued (see page 594 for sizes now being 
made). You may have difficulty in obtaining tires. 


Also learn the make of rim. The old-style ‘‘one- 
piece clincher” rim is obsolete, except on the Ford, 
Chevrolet, Maxwell, and the Overland model 
“Four.’ The modern rim is the “straight-side,” 
demountable type. 


The best tire is the “cord” tire (see page 609). 
The “fabric” tire is explained on page 608. Ex- 
amine the condition of the tires after reading page 
610, and test for ““stone-bruises.”” 


Engine 


1. Test the compression of each cylinder (see 
Index under “Testing compression’’). Firs 
learn what compression means (see Index). 
The compression test will indicate the condition 
of the rings and cylinder walls and valves. If 
the cylinder walls are scored or cut, then this is 
an expensive job to repair (see Index under 
“Cylinders scored”). If the valves leak, then 
this is not so expensive (see Index under “Grind- 
ing valves”). If the rings leak, this is an item 
worth noticing (see Index under “Piston rings’). 
If there is considerable smoke from the exhaust 
pipe when running the engine (see page 168), 
and the smoke is blue or light in color, there is 
too much oil in the crank case of the engine, or 
the pistons are pumping oil as explained on page 
168, or the rings are loose, or the cylinder walls 
are scored. If smoke is heavy and black, the 
carburetor is feeding too much gasoline and 
should be adjusted. Many new engines have 
had the cylinders scored by running the'engine 
at too high a speed during the first 1,000 miles 
and from lack of oil. 


2. Test the bearings. The best method for doing 
this is to make a long run, taking at least one 
or two fairly steep hills, and noting if the engine 
knocks. By studying the subject (knocks), you 
can learn to distinguish the cause of different 
kinds of knocks (see Index under “‘Knocks’’). 
When testing for knocks, make allowances if 
the engine is a four-cylinder, especially of small 
size, and when taking hills slowly. Many four- 
cylinder engines must get the engine up to a 
fairly good speed to take a steep hill, as the 
power depends upon the momentum of the fly 
wheel, whereas the six, eight, or twelve-cylinder 
engine should take a hill with less speed, with- 
out pounding or knocking, if the spark is 
retarded properly. 

3. Test the cooling system. After making the run 
suggested above, note if steam comes from the 
radiator at the vent or overflow tube or filler 
cap. Ifso, the engine runs hot, and the trouble 
is attributable to one of the causes explained on. 
page 152 under “Engine overheats.” Under- 
stand that an engine runs best at about 170° 
temperature, but should not steam. Also 
observe if there are leaks. Usually the leaks 
are at the hose connections and can be tightened, 
but if the hose is worn, replace it. 


The Clutch 
1. See if the clutch slips when taking a hill. 
2. See if the clutch drags when released. 


3. See if the clutch “grabs” or is “‘fierce’’ (see 
Index under “‘Clutch grabs’’). 


4. Ascertain the type of clutch used in the car by 
referring to the Index for ‘Specifications of 
leading cars.” Then turn to Index under the 
appropriate titles, and note the construction 
and troubles and remedies. 


Transmission 


1. Test the gear shift while the engine is running, 
by shifting from reverse, Ist, 2d, 3d speed, to see 
if the gears can be changed without a clashing 
noise. If not, then the trouble may be due to 
the clutch pedal not being thrown far enough 
“out,” or the clutch “drags” or “spins,” or the 
transmission or clutch shaft are out of align- 
ment, owing to worn bearings, or the teeth of 
the gears are burred. 


_ 2. Test for worn or broken gear teeth: With the 


engine running slowly, place the gears in Ist 
speed; place the finger on the gear lever—if 
there is a worn place at one point or all round 
the gear, it can be felt by the vibration. Try 
this on all speeds and on reverse. 

3. If the transmission is noisy, and there is plenty 
of oil in the transmission case, the trouble is 
probably due to a broken ball or roller bearing 
or a worn bearing. 
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If oil leaks out of the transmission bearings, 
see Index under ‘‘Transmission-oil leaks.’ 


Drive Shaft and Universal Joint 


. Test for looseness (see Index under “End play 
in universal joint”): If this is excessive, the 
looseness is in either worn gears or bearings in 
the transmission, or there are loose universal 
joints or loose adjustment of the drive pinion 
to_the differential driven gear (see Index under 
“Differential gear adjustments”’). 


Rear Axle 


. Test adjustment of drive pinion (see Index 
under “Noisy rear axle’). On some cars, Ford 
for instance, there is no adjustment, therefore 
a new drive pinion must be fitted. 


. Examine the differential by removing the cover, 
if a “full-floating’” type (see Index), or remove 
the axle housing, if a “semi” or “three-quarter 
floating” type (see Index), in order to ascertain 
if any of the nuts are loose or small differential 
pinions are worn. 


. Test wheels for alignment (see Index), 
. Test for wobbly wheels (see Index), 


. See if axle shaft is bent—usually at the hub, 
which would be indicated by the wheel wobbling. 


. See if oil is working out of the rear hub into 
the brake lining. 


. Test brakes (see Index). 


Steering Device 


. Test for play, and for loose bolts and nuts (see 
Index under “Steering devices, testing of’’) 


* Miscellaneous Tests 


1. See if engine will idle without missing. 


. Test the battery: if a coil and battery ignition 
system (see Index). 


3. 


“J 


10). 
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Test the magneto: if a magneto system of 
ignition, by idling and speeding up the engine to 
see if there is a missing of explosion. 


. Examine the wiring and see if it is oil soaked and 


ragged. 


. Test the carburetor by idling and speeding up 


the engine to see if explosions are even and if 
the engine picks up readily under load. Also 
note if the carburetor air intake and the carbu- 
retor mixture are heated. 


. Examine the spark plugs, to see that the ga 


distance is correct at the points (about 025’), 
and that the porcelains are not cracked. 


. Run the car and test the mileage gained per 


gallon of gasoline. This will require at least 
a 20 or 25-milerun.. Many 6, 8, and 12-cylinder 
engines will not average over 9 to 14 miles per 
gallon—depending upon the condition of the 
rings, or whether there is leakage of gasoline 
into the crank case, as well as on the size of the 
cylinders and whether the roads are hilly or 
level. 


. Examine all bolts and nuts on the engine, 


springs, ete. 


. See that the engine is properly oiled and that 


all parts of the car are greased. 


If parts have been replaced, such as the steering 
knuckles and spindles in the front wheels, etc., 
see that they are not made of castings instead ~ 
of forgings. : 


The storage battery is another part which 
should be examined. Have it tested at a bat- 
tery station. You can tell if the battery has 
been repaired by looking at the connectors. 
Figures are usually stamped at the factory at 
each end of the connector where they are burned 
to the post. If there is a bright spot with no 
figures, it indicates that the battery has been 
repaired since leaving the factory. The bat- 
tery should be tested by testing each cell, as 
explained under “High-amperage tests” and 
“Cadmium tests of storage batteries.”’ 
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CARE OF CAR: Pointers on Driving; Washing, Polishing, and Cleaning Car; 
Home-Made and Other Polishes; Painting a Car at Home; 
Pointers on Shipping a Car 


GENERAL POINTERS ON DRIVING THE CAR 


The driver must keep his eyes and ears open, 
watching the other occupants of the road as well as 
the running of the car. See Index relative to 
“Traffic ordinances,” ‘“‘Rules of the road,” ete. 


The ear is the best judge of the running of the 
engine, as it shows any defect by a change in its 
steady throb. With practice, it becomes easy to 
recognize a new noise, and the cause should be 
located and remedied at once. A squeak or ratitle 
that comes at regular intervals may be located in 
one of the revolving parts; if not regular, it comes 
from something that is not revolving—the springs, 
brakes, or a similar part. 


Irregular running of the engine may not be serious, 
but rather the result of a rough road or loose ignition 
connections. Knocks or pounds should be located 
at once, for they may lead to-a serious breakdown. 


Know Your Car 


Remember that in the care and operation of a 
motor car, much must be left to the judgment of 
the operator, who should study the construction of 
his car and thoroughly acquaint himself with its 
mechanism, the functions of its various parts, and 
the “why” of everything connected with it. 


Learn the speed at which the car will take a turn 
on mud or wet asphalt, without skidding or side- 
slipping, and never exceed it. Learn the grade of 
a, hill that the car will climb easily; on steeper 
grades do not wait for the engine to labor before 
changing the speed. 


Learn the turn that the car will make for every 
position of the steering wheel, and always make the 
broadest turns that the width of the road will permit. 
A sharp turn is more likely to strain and injure the 
tires, running gear, and steering mechanism, than 
a broad turn, and, if the car is speeding, is more 
likely to cause an upset. 


Learn the distance that the car will travel before 
it becomes necessary to refill the tanks—not from 
the catalogue, but from your own experience, so 
that a hold-up on the road for supplies may be pre- 
vented. 


Learn the rapidity with which the car will pick up 
speed after a slow-down, as it will help when run- 
ning through traffic, or when it is necessary to dodge 
another vehicle. 


It is important to learn the shortest distance in 
which the car can be stopped for its different speeds, 
and the exact extent to which it slows down for 
each application of the brakes. Learn to use the 
brakes so that the motion becomes automatic, and 
can be done without wasting time thinking about it. 
Learn to judge distance, and the speeds at which 
the car travels; ability. to estimate speeds may 
prevent arrest. 


Learn to recognize the noises of the engifle when 
it is running smoothly: the click of the valves, the 


hum of the timing, pump, and magneto gears, the 
puff of the exhaust, so that unusual noises may be 
easily recognized. 


Learn the feel of the compression, by cranking 
the engine, so that leaks may be detected. Learn 
the effort required to push the car on a smooth floor 
by hand, or how freely it will coast down a hill, so 
that a binding brake or a tight bearing may be felt. 
In short, get in tune with your car—he part of it— 
make it part of you; that is, if you want to get 
good service from it, and save on the repair bills. 


Important Points to Remember 


The flashy driver, who makes quick turns and 
sudden stops, attracts attention, but ruins the car. 
The more smoothly a car is operated, the longer it 
will last, and the less often it will get out of order. 
Driving is not a thing to worry about, but to be 
taken easily. 


- Easy turns, gentle stops, the running of the engine 
as slowly as possible for the speed desired, proper 
adjustments, and constant care, mean long life to 
the car and freedom from trouble. 


When the engine is not acting right, do not rush 
in and readjust the ignition or the carburetor with- 
out first being sure that the trouble has been 
correctly located. Throwing the carburetor out of 
adjustment on a guess makes it all the harder to get 
going again, for its readjustment must be added to 
the trouble already present. An automobile is not 
difficult to handle, but neither is it so simple that 
brain work is not necessary. Get all of the facts 
possible before doing anything to the mechanism— 
the noise that the engine made in stopping, the way 
it stopped, the reasons for the unnatural noises, 
and the bolts from which nuts may have dropped 
off. An automobile is constantly in a state of severe 
vibration, and almost any part is liable to work 
loose when least expected. 


Some accessories are convenient, and others 
are nuisances. Do not load the dash up with de- 
vices that are not of practical use, for they only add 
to the parts that must be watched and taken care of, 
Provide the car with a good horn, and use it well 
when necessary, but never needlessly. 


The lubrication is important and must be watched 
carefully; it takes only a little running without oil 
to cut the cylinder walls and piston rings. Exces- 
sive oil in the crank case means fouled spark points, 
and should never be permitted; however, it is bet- 
ter to have too much than not enough. 


When running, keep to the right, and in meeting 
another vehicle turn farther to the right, so that it 
will have room to pass. In passing a vehicle going 
in the same direction, pass so that it is on your right, 
and do not swing back to the right side of the road 
too close in front of it. The other vehicle may 
speed up as you pass, and be closer than you realize. 
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Get thoroughly familiar with the different speeds 
so that there will always be time to stop when neces- 
sary. Keep your eye on the people alongside of 
the road, for they may start to cross without warn- 
ing. Children are liable to run out of a gate or to 
cross the road when they are least expected. Cross- 
roads and cross-streets must be watched, for vehicles 
or people may come along them. 


It is dangerous to run over a dog. Itis far safer 
to slow down when one is barking in front of the car 
than to try to push it out of the way. 


Blow the horn when approaching a turn in the 
road, for another car may be coming. Do not run 
on the low speeds if it is possible to run on the high. 


Don’ts for Drivers 


Don’t drive a car until you are old enough to have good ordi- 
nary “‘horse’’ sense. Don’t look around when your hat blows 
off. Don’t try to kiss the lady in the seat beside you. Don’t 
go tosleep while driving. Don’t trust one hand to do the guid- 
ing. Don’t try to make up lost time by speeding down hill. 
Don’t run at night without lamps. Don’t delay putting on 
the chains when the roads get greasy. Don’t forget to “STOP, 
LOOK and LISTEN” before crossing a railway track—Safety 
First, Last, and All the Time. 


Rattling Noise 


A disagreeable rattle can often be traced to the hood where 
it rests on its seat. Strips of rawhide or other anti-friction 
material should be installed to prevent any squeaks or rattle. 


Right Side of an Automobile 


Q.: Which side of an automobile is referred to as the right side? 
Ans.: The side to the right of the driver when seated in the car. 


Why the Engine Runs Smoother at Night 


Q.: I have always noticed that my engine runs smoother or 
better at night. Why is this? 

Ans.: Experiments with stationary internal combustion engines 
have shown that water vapor—steam—injected into the 
combustion chamber gives ‘an advantage, but the reason 
is not clear. On'the same principle an engine runs better 
at night when there is more moisture in the air. It may 
be that the additional oxygen supplied by the small amount 
of water aids in the combustion of the fuel. 


Meaning of 25-35; Engine Rating 
Q.: What does 25-35 horsepower mean? I note many manu- 
facturers rate their engines with two ratings. 


Ans.: The “‘25’’ means the horsepower according to the Society 
of Automobile Engineers’ formula at 1,000 r.p.m. The 
“35” means the actual block test the engine is capable of 
developing at full speed. It is taken for granted that the 
engine will develop 25 horsepower continuously, and will 
stand an overload of 35 horsepower for short periods. 
Most electric generators will stand a considerable overload 
for a short period but will heat if run overloaded continu- 
ously. The same applies to the automobile engine, 


Save the Tires 


If a tire blows out, do not jam on the brakes—cut 
off the power and let the car coast to a stop. Jam- 
ming on the brakes might cause a skid, and that 
would fatally ruin the tire. 


In crossing loose or broken stone, as on a new 
road, do not drive the car over, but get up speed, 
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and as the ear strikes the stones throw out, the 
clutch so that it will coast. If the car has not 
enough momentum to cross, let it go as far as pos- 
sible before again throwing in the clutch. Driving 
across sharp stones forces the wheels to grind against 
them, while if the car moves without being driven, 
the tires roll over the stones, and are not so liable to 


injury. 

Jamming on the brakes grinds the tires, and 
wears them as nothing else does. _Letting in the 
clutch quickly, so that the wheels spin before taking 
hold of the road, has the same effect. 


Tires that are not sufficiently inflated will rim cut, 
and are more liable to puncture than if blown up 
hard. Oil rots rubber; therefore, keep the tires 
clear from it. If they get oily, wipe them with a 
cloth soaked with gasoline. g 


If the car is to be idle for a week or more, jack 
up the wheels to take the weight from the tires—it 
will be better for them. 


Rusty rims cause rim cuts; therefore keep them 
smooth. When the rims rust, scrape them or rub 
with emery cloth and give them a coat of shellac or 
lead paint to prevent them from rusting again. 


In applying new tires, put them on the rear wheels, 
moving the half-worn, one to the front wheels. 
This will give them a longer life. In applying a 
single new tire, put it on the right-hand rear wheel, 
as this is the one that has the hardest work, and 
needs to be stronger than the others. 


Skidding ordinarily occurs only on slippery sur- 
faces and in rounding turns at high speed. In 
skidding, the wheels of the car slip on the ground, 
especially on wet asphalt, although the car will 
occasionally slide on dry surfaces, like loose gravel, 
etc. See Index for “Skidding.”’ 


A Few Words about Gasoline and Fire 


Gasoline must be handled with care and common sense. 
It is dangerous if handled carelessly, but need not be so if the 
operator uses Judgment. Gasoline vaporizes easily, and as the 
vapor is heavier than air, it sinks to the ground. 


When filling the tank, be sure that there are no open lights 
near, or a fire. If the tank is to be filled at night, don’t use a 
lamp; use a pocket electric flash lamp instead. Have a funnel 
for gasoline and do not use it for anything else. See Index 
under ‘‘Gasoline” and “Fire, how to extinguish.” 


In case of fire,,do not try to put it out with water, for the 
1 Always keep a 
pail or two of sand handy, and smother the flames withit. In 


extinguish,” 


Fires are usually caused by gasoline dripping from the car- 
buretor and a Stray ignition spark. Be careful to see that 
the carburetor does not drip. 


WASHING THE CAR 


First, dust off the car and top. Do not wipe it 
off; this simply rubs the grit into the varnish and 
makes scratches on the body, fenders, hood, ete. 


When washing the car, use only clear water. 
arm water is best, but only lukewarm water 
should be used, otherwise it will soften the varnish. If 
Soap 1s used, get a good carriage soap that has no alkali 
init. Ifit contains alkali, it will take off the varnish. 


Mud should not be rubbed off, for the varnish 
would be scratched. Let the water run gently out 


of the hose (using no nozzle) and flow over the mud, 
so that it washes away slowly. 


The full force of the water may be used to remove 
mud from the under side of fenders, but not from 
any varnished part. If a hose cannot be used, pour 
the water on so that the mud is carried away. Dry 
mud is more difficult to remove, but if the varnish 
1s to be kept bright, use only “he method described, 
and take time to it. 
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Washing a car and cleaning the top. 


When the body is clean, go over it with a soft 
sponge, using plenty of water, and dry it with soft, 
clean chamois skin or wash leather. It is advisable 
to have a sponge and chamois skin for running gear, 
a Separate sponge and chamois skin for the body. 


After the body has been washed, it should be 
gently dried with a piece of clean chamois skin. 
Wash out and wring out the water from the chamois 
as the car is wiped with it. 


For removing grease, a sponge with castile soap 
and tepid water should be used and then body 
polish applied. 


_ A car ought to be washed and chamoised off 
immediately if rained upon, otherwise spots will 
remain if rain is left to dry. 
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Fig. 2. A flexible wash-hose nozzle. 

Wash-rack hose is usually a 4-ply hose of 34’ 
inside diameter. A flexible wash-hose nozzle (Fig. 
2) is best to use for washing cars, instead of a metal 
nozzle. The nozzle shown is known as the Con- 
queror brand. 


Home-Made Washers 


Supply houses can supply complete equipment 
for washing cars. Below are shown home-made 
devices. 


Supplies for cleaning the car: Two good, clean, 
soft ‘wool’ sponges, two ten-quart pails, several 
clean soft chamois, a quantity of canton flannel, a 
quantity of ivory or pure castile soap, clear running 
water, a soft wool duster, gasoline for use in extreme 
cases. 


The two sets of pails, sponges and chamois are 
recommended, so that the pail and sponge used for 
the first washing may be kept separate from those 
used in the final washing. See Index under 
“Sponges”; for the kind of sponges and chamois 
to use. 
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Fig. 3 


Fig. 3. Portable hose swing-rack for washing cars. This 
rack is made of standard 34’ galvanized iron seamless pipe 
and fittings. The illustration gives an idea of its construction. 
Large garages usually have means for heating the water.. 


A washstand is usually made about 12 or 14 ft. wide and 
about 15 or 18 feet long. It is made of granitoid, so arranged 
that the water flows to a trap in the center for draining. 


Fig. 4. A washer with several hose outlets, which meets 
all requirements and is not likely to get out of order is made out 
of four lengths of hose suspended from pipe connections at 
the four corners of the wash rack. Each hose is connected to 
a plug valve which is spring-closed and opened by a slight pull 
on the hose. The advantage of the four-hose construction is 
that it is simple, not likely to get out of order and allows 
more than one man to work on a car. 
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Washing Radiator 


When it is necessary to clear the radiator spaces 
of accumulated mud, you should flush the radiator 
from the rear, not from the front. In that way you 
avoid getting water into the magneto or ignition 
system, which is often short-circuited when moisture 
enters it. 


Sponge Off Your Hood 


Particular attention should be given to the hood 
after the car has been run in a heavy rain, inasmuch 
as after a long run it becomes fairly hot. If rain- 
drops are left to dry upon it in this condition, they 
will stain it much more than the body. The car 
should be washed down at once, or if this is not pos- 
sible, the hood should be sponged off and wiped dry 
immediately. 


A good body polish will remove grease and rain 
spots from a hood or body. 


BODY, METAL, AND GLASS POLISHES 


Cleaning and polishing dull varnish: In most 
cases, dull varnish is not “dead,” but is simply 
_ coated with a deposit of dirt. When this deposit 
is removed, the original luster of the varnish can be 
restored. ‘The following method will give excellent 
results. The necessary materials are a clean sponge, 
- automobile soap, chamois skin, soft waste, cheese- 
cloth, rotten stone, linseed oil, and Percival auto- 
mobile polish. 


Cleaning: Wash the car thoroughly with auto- 
mobile soap. Wash small sections of the body at a 
time, and do not permit the soap to dry on the var- 
nish. Dry the car with chamois skin. 


If the finish is very dull after washing, saturate a 
small pad of selected soft waste (there must be no 
grit or thread cards in this pad) with water, and dip 
lightly into fine rotten stone. Do not make a mis- 
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take and use pumice stone, for it will completely 
destroy the finish. Rub with the pad and rotten 
stone until the surface shows a bright luster. Con- 
tinue over a complete panel. Be sure to keep the 
pad saturated with water while rubbing. 


Rotten stone has relatively no abrasive effect on 
gum varnish, but does rapidly abrase the imbedded 
deposit if the varnish is free from oil and grease. As 
fast as this deposit is cut away the varnish acts as a 
lubricant, as the easy sliding of the rotten stone pad 
will indicate. Remove all rotten stone with damp 
cheesecloth. 


If the finish is only slightly dull or gray, rub with 
a mixture of 1 oz. rotten stone and 3 oz. linseed oil 
instead of rotten stone and water. Shake the mix- 
ture while using. 


Polish: After cleaning as above, polish with 
Percival automobile polish. The formula follows: 


24 oz. wood aleohol....... (By weight) 

48 oz. raw linseed oil. . (By weight) 

—~ 40 oz. white vinegar...... (By weight) 
3 0Z. aqua ammonia..... (By weight) 

3 0Z. spirits camphor..... (By weight) 

6 oz. butter antimony.... (By weight) 


It is imperatively important that these ingredients be mixed 
together in the order given, and that they be shaken thoroughly. 


To the formula given above add a mixture of 2 oz. grated 
beeswax and 3 oz. turpentine, which have been mixed and 
allowed to dissolve thoroughly for 48 hours. When added, 
the whole: mixture must be shaken. Always shake before 
drawing from the main supply and while using. 

To use the polish: Saturate a pad of fine cheesecloth with 
the polish and rub the varnish briskly until a full luster appears. 
The luster can be determined by wiping the parts occasionally 
with a clean cloth or with the palm of the hand, and looking at 
the surface as into a mirror. A perfect reflection should be 
obtained. If dullness appears after the car is used, it will 
indicate that the deposit was not entirely removed with the 
rotten stone, or that the polishing was not thoroughly done. 
per consistent rubbing will invariably bring the desired 
results. 


After thoroughly polishing, wipe off all polish carefully with 
cheesecloth that has been washed and dried. Then dampen a 
piece of cheesecloth with alcohol (wood alcohol will be satis- 
factory), and shake the cloth until no free alcohol is left on its 
surface. The cloth will then feel cool to the face, but not damp. 
Wipe over the complete job, occasionally dampening the cloth 
as described above. This operation removes all traces of oil 
and polish and leaves the original varnish clean and brilliant. 
Be careful not to spill alcohol on the finish, and do not use a 
moist cloth, as the alcohol will dissolve and soften the varnish. 


After polishing, the car should be treated as if it were newly 
painted, with the added advantage that there will be no 
danger of spots appearing as with a newly painted job. 


As it is absolutely necessary that the polish be neutral in its 
Beton upon the varnish, use the Percival formula and nothing 
else. 


This process will not be satisfactory on. varnish which has 
been oiled or waxed repeatedly, or on which ordinary furniture 
polishes have been used. 


Another polish for the body for removing rain 
Spots and grease: A much-recommended polish is 
made by mixing the following ingredients: turpen- 
sme, | gallon; paraffine oil, 1 pint; oil of citronella, 
34 02z.; oil of cedar, 1140z. This should be applied 
after the car is washed and dried. Apply this with 
soft, clean cotton waste and rub dry with a clean 
dannel cloth. If it is not. rubbed dry the dust will 
collect. This preparation in most cases will remove 
rain spots and grease. 


Another method is to use a mixture of boiled lin- 
seed oil and turpentine, applying it sparingly and 
tubbing absolutely dry. The use of these polishes 
will restore even an old car to a degree of brightness 
that will surprise you. 


_ Another body polish that is highly recommended 
is made by using 1 gallon of soft water, 4 oz. ordi- 
nary soap, 1 lb. white wax in shavings. Boil well 
and add 2 0z. of pearlash. This may be diluted with 
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water and laid on with a paint brush, and then 
rubbed off with a cloth. Another formula often 
used is 3 oz. shellac, 14 oz. gum mastic, and 1 pint 
methylated spirits of wine, dissolved. In our 
opinion, however, better results will be obtained 
by using some one of the varnish polishes that are 
on the market and that can be found at almost any 
hardware or paint store. 


A good cleanser for enameled parts of the car, 
when parts are greasy and very dull, may be made 
of the following: 1 1b. washing soda crystals to one 
pail, or 214 gallons of water. This should be very 
briskly applied with a soft rag. Then polish with 
canton flannel. 


The solution, before being applied, should be 
carefully inspected to see that all crystals have been 
dissolved, as any remaining will scratch the surface. 


This solution should be used only on enameled 
parts of the car, asit will ruin varnish or paint. The 
enameled parts of the car are the radiator, radiator 
splashers, bonnet, front and rear fenders, gasoline 
tank, tire carriers, steering column, shifter lever, 
black engine parts, and the enameled part of lamps. 


Brass 


Any good brass polish will work satisfactorily. All 
these preparations contain some fine abrasive, for 
which reason care must be taken not to let the polish 
come in contact with the varnish body surfaces. 


Nickel-Plated Parts 


All nickel-plated parts may be cleaned with regu- 
lar silver cleaner paste. Use only the softest flannel 
rag or chamois to rub with. 


Do not clean lamp reflectors except when abso- 
lutely necessary, and then use Putz pomade, applied 
with a very soft clean chamois skin. Reflectors are 
often silver plated and are very easily spoiled by 
frequent polishing. 


_Nickel trimmings should be rubbed over with an 
oily rag; this will keep them bright without polish- 
ing. Before going out for a run in damp or rainy 
weather, it saves labor to give the brass work a 
light coat of vaseline to protect it from tarnishing, 
and put rubber bags over the lamps. When there 
is little time to give to cleaning the brass work, 
paint it with black or colored enamel, which looks 
better than uncleaned brass. 


Metal and Glass Polish 


Mix one part wheat flour, five parts of dry pow- 
dered fire or potter’s clay, and use with a damp 
woolen cloth. This will be found the finest polish 
ever used, and is cheap. It cannot be beaten for 
cleaning fly specks, grease, paint, and other stains 
from glass or metal. 


To Clean Glass and Reflectors 


For cleaning glass—windows, windshields, lamp 
lenses, mirror lenses, ete.—there is nothing better 
than a mixture of half aleohol and half water, which 
will readily clean off dirt and leave a bright polish. 
With a soft cloth, ora piece of tissue paper, the work 
can be done expeditiously. See Index for “Clean- 
ing and polishing reflectors.” Putz pomade applied 
with a very soft, clean chamois skin 1s also excellent 
for cleaning reflectors. 


To prevent rain or snow from sticking to glass: 
A trade magazine gives the following mixture to 
use: 2 oz. glycerine and 1 oz. water with 1 dram 
salt. Apply to the windshield with cheesecloth— 
Wiping up and down, or in-a vertical direction, 
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CLEANING TOPS, UPHOLSTERING, ETC. 


To clean top—outside: A top that has been in use 
for some time can be cleaned by using the following 
mixture: 14 pint raw linseed oil; 4 cups water; 14 
cup turpentine. Apply with clean rag and rub dry. 


A dressing for leather tops: A very good recipe 
for the purpose is: One part liquid asphaltum to two 
parts castor oil, to which add 14 oz. ivory black to 
each pint of the mixture. Apply with a soft brush. 
This dressing is excellent for a rubber top. 


Mohair tops should be frequently dusted and 
brushed off. 


If the top is mohair, a pail of tepid water and a 
bar of castile soap should be used. Place the soap 
in the pail and work with the hands until a good 
lather is obtained. A large clean sponge is dipped 
into the water and the top is then thoroughly 

‘washed. 


Pantasote tops and curtains are best cleaned with 
a soft brush dipped in water in which .a little 
ammonia has been added. Afterwards rub dry. 
Never attempt to clean top and. curtains with gaso- 
line or kerosene. 


Do not fold the top until it has become thoroughly 
dry, because any moisture remaining in the folds is 
prone to cause mildew, besides making the top 
leaky and unsightly with spots. When the car is 
not used for some time, it is best to open. the top, 
~which keeps it well stretched and smooth. 


If the top is dirty, use a broom first. After it has 
been cleaned with soap, go over it with clear water 
so that no alkali spots will appear. 


PAINTING RADIATOR, ENGINE, 


To paint the radiator, mix 3 oz. boiled linseed oil, 
4 oz. lamp black, 1 oz. turpentine, and thin down 
with turpentine to the proper consistency. In 
applying, the radiator must either be dipped into 
the solution (in this case a great deal more must be 
mixed), or sprayed (see also, Index under “Painting 
radiator”), or the radiator can be placed on boxes, 
face up, and the thin mixture can be applied plenti- 
fully so that it will run through the cellular parts of 
radiator. A camel’s hair brush can be used to reach 
places not covered. 

To paint cylinders: Mix 8 oz. white lead in oil, 
6 oz. boiled linseed oil, 2 oz. turpentine, and 1% oz. 
lamp black. If too heavy, thin down with turpen- 
tine. This will make a gray paint sufficient for six 
cylinders. : 

Aluminum mixed with bronzing liquid can also 
be used. 

To paint the intake manifold: Use regular alumi- 
num, which can be secured at any drug store. 

To paint the exhaust manifold: Use aluminum. 
No paint has as yet been found which will remain 
on hot exhaust pipes; here is a recipe suggested: 


Cleaning Leather Upholstering 


Do not use gasoline for cleaning leather uphol- 
stery. Plain water with a little ammonia will 
remove the dirt, and a brisk rubbing with a clean 
woolen or flannel cloth will do the rest. For still 
more careful treatment, use a regular leather dress. 
ing on all leather. 


Recipe for a dressing for leather upholstery: 
Raw linseed oil and turpentine, mixed in proportions 
of two of the former to one of the latter, is a time- 
honored formula. 


For cleaning cloth upholstery use clear water and 
a mixture of 34-0z. common salt and 2 oz. of either 
grain or wood alcohol, simply rubbing the cloth with 
a sponge dampened in the mixture. 


To remove ordinary dust from cloth upholstery, 
beat the cushions and backs lightly with a stick or 
carpet beater; then remove the dust with a whisk 
broom or brush. (The vacuum plan is best.) 


Grease or oil may be removed by the application 
of a solution of lukewarm water and ivory soap, 
applied with a woolen cloth. Any of the approved 
methods for cleaning woolen cloth may be used with 
success on this upholstery. Gasoline and benzine 
have a tendency to spread instead of to remove the 
dirt. We do not, therefore, recommend their use, 
although they work no injury to the fabric. 


A certain repair shop made a reputation by haying 
their mechanics wear clean dusters when working 
on the interior of a car, thus protecting the uphol- 
stering from grease. 


CYLINDERS, MANIFOLD, ETC. 


Heat-proof paint: Use ? parts of black oxide of 
manganese, 3 parts of graphite, and 9 parts of 
Fuller’s earth, thoroughly mixed, to which add a 
compound of 10 parts of sodium silicate, 1 part 
glucose, and 4 parts of water, until it is of such 
consistency that 1t may be applied with a brush. 


Tire paint: Liquid rubber is a preservative and 
beautifier of tires. It gives the tire a white coating. 
It is made of pure unvuleanized rubber in solution. 
It can be applied with a brush, and if used at regular 
intervals, it will, it is claimed, prolong the life of the 
tire because it penetrates and runs into any small 
cuts or holes and seals them over, thus in a measure 
preventing moisture from reaching the fabric. It is 
also suitable for golf balls, rubber mats, and is a 
highly satisfactory rust preventive for rims. Se- 
cured at supply houses. 


A very satisfactory tire paint for finishing the 
inside of a tire after repairing may be made by mix- 
ing thoroughly 1 gal. gasoline, 44 pint Firestone rub- 
ber C-35 cement, 114 lbs. soapstone and \% Ib. 
whiting. Many successful repairmen are using this 
formula with the best of results. See also page 612. 


SUGGESTIONS FOR REPAINTING A CAR AT HOME 


In some cases the car owner may feel disposed to 
do some of the work himself, and then pass it on for 
the professional painter to put on the finishing 
coats. 


He may, for example, give the car as thorough 
and complete a washing up as the painter will do. 
Then by getting the car up on stout wooden horses, 
so that he can work under it conveniently, the grease 
and dirt may be removed from the chassis. This is 
a somewhat smeary job, but anyone who is not 


afraid of work can save some money by doing it. 
Saturate the greasy parts with one-third turpentine 
and two-thirds kerosene or crude oil, and let the 
applied mixture stand for several hours to soften up 
the hardened oil and dirt. 


Then take a 144” putty knife and a couple of mow- 
ing machine knives and some pieces of coarse bur- 
lap, and proceed to cut and scrape the accumulations 
off, and wipe the parts up. It may take two or 
three applications of the oil and turpentine mixture, 
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and a lot of rubbing with the burlap, to get the sur- 
face clean, but it is all necessary work. 


If the surface is worn and the paint beaten off, 
and the bare metal or wood is disclosed, these pieces 
will need touching up with a paint mixture contain- 
ing at least one part raw linseed oil and two parts 
turpentine. Mix thoroughly some ground white 
lead and lamp black and add a little at a time to the 
oiland turpentine. Apply with a small round brush. 


Next get some dry white lead and a small quan- 
tity of finely ground whiting, using one part of the 
whiting to two parts dry white lead. Knead it to 
a good working body in equal parts of coach japan 
and rubbing varnish. Then, with your putty knife, 
putty up all the holes and surface fractures, filling 
them smooth and level with the surrounding surface. 
While this class of work is somewhat difficult to do 
well, with care and some practice it may be taken 
care of. 


If the surface is in a condition suitable to sand- 
paper, apply the color without any further surfacing. 
The professional painter may then, if desired, be 
called in to sand this putty and the surface down 
smooth and apply a coat of color to the car. If any 
striping is to be applied, the lines may be run on this 
coat of color, after which apply one or two coats of 
varnish, according to the class of finish desired. 


In case the car needs simply a coat of varnish, 
with pérhaps a few worn or bruised spots touched up 
with a bit of color, it should first receive a thorough 
washing and cleaning. The body surface will need 
going over with water and pulverized pumice stone 
to lay down the gloss and fit it for the varnish. 
Then touch up with the color where necessary, and 
apply a coat of body-finishing varnish. Likewise, 
give the chassis a stout coat of varnish. 


In this connection, it may be stated that the 
amount and kind of work to be applied to the car 
depends altogether upon the condition of the surface 
at the time the work is to be done, and naturally, 
also, upon the sum of money that the owner wishes 
to expend upon the work. Generally speaking, if 
the car is kept well varnished, it will not need heavy 
painting repairs except at long intervals. 


Pointers on Cleaning a Car and Removing 


Old Paint! 


Having stripped the car, run it on to the washstand and hose 
off the mud. 


Clean the upholstery and the inside of the car with a good 
stiff brush, or a vacuum cleaner; if an open car style of top, 
brush it out well on the inside and outside; and if the onrtsiie 
is very dirty, hose it off and scrub with a stiff brush. 


Then clean off the chassis with gasoline (kerosene may be 
used for cleaning a job that is to be burned off, but is too greasy 
where only repainting is intended), using a gasoline brush or an 
old worn-down paint brush for the purpose—scraping off any 
hardened grease or dirt with a putty knife. Next make up a 
suds of soap and water and sponge off all of the dirt that has 
become loosened by the gasoline. Then hose off. 


Hot water may be used where the job is to be burned off 
afterwards—as hot as desirable; but where repainting only is 
intended, it should not be so hot as to soften any of the paint 
coats; and where revarnishing only is intended, the water 
should not be more than lukewarm. After washing a job that 
is to be repainted or revarnished, hose off thoroughly with 
plenty of water, and make sure that all soap has been removed 
from the surfaces. _The stripped parts can be similarly cleaned, 
where necessary. Sponges and chamois used in washing should 
not be used elsewhere, and it is best to haye one set for use on 
the chassis, which is always the greasiest, and another set for 
use on the body parts. 


Cleaning preparatory to burning off need not be so thorough 
as when done before repainting, etc. If there is any body polish 
on the surfaces, wash it off with gasoline preparatory to the 
washing with soap and water, whenever the job is to be handled 
without burning off. 


1 From Motor Age. 
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Cleaning with no washstand available: In this case clean 
out the Heide and top as described, and then scrape off the 
caked mud and grease with a putty knife. If the job is to be 
burned off, the paint remover can be depended upon for remov- 
ing any remaining grease or dirt. 


If burning off is not intended, the surfaces should be further 
cleaned with gasoline on the chassis, etc., and if necessary with 
a warm water suds on the body—doing the work from a pail— 
and then sponging off with clean water. The sanding that the 
surfaces will receive must free them of any remaining dirt. 
Wash off all body polish with gasoline. 


Cleaning the chassis with a spray: A very quick and effective 
method of cleaning is that where a spray is used . Such a device 
cannot be used without compressed air, but where this is to be 
had, a simple spray nozzle can be rigged up with a few pieces 
of brass pipe, patterned like that of a garden or orchard spray, 
and the cleaning solution can be sprayed on the car from it. 


A mixture of hot water, soap, and kerosene can be used in 
cieaning a chassis for burning off; while for repainting, warm 
water, gasoline, and soap would be used first, and clean water 
afterwards. There are many cleaning solutions to be had on 
the market that can be advantageously used in cleaning a car 
preparatory to burning off, but most of them are too strong for 
use otherwise. 


Materials for use in automobile painting can be had from: 
Valentine & Co., Chicago; Murphy Varnish Co., Chicago; 
Chicago College of Auto Painting, Chicago. Brushes can be 
obtained of Mishawaka Auto Specialty Co., Mishawaka, Ind. 


For undercoating a good primer should be used, that is 
suited for use on both wood and_ metal, with roughstuff, 
sanding surfacer, and stiff putty. Colors and color varnishes 
can be stocked in the most popular shades, and the odd ones 
can be made as desired with the color and rubbing varnish. A 
free working and flowing finishing varnish will be best suited 
for general purposes, especially for body work, but for chassis 
work use one that is a little heavier bodied. Spar varnish can 
also be used on the wheels or other small surfaces where there 
is no danger of laps or runs showing. 


The subject of application would require a volume in which 
to discuss it properly. 


Selection of brushes: Brushes are often cheapened in sucha 
way that it does not show. Good hair is placed on the outside 
and the poor grade is placed at the center. In the best grades, 
the hair will be found uniform from the center to the outside. 
The ‘filled’? brushes are not bad ones to work with, but the 
“pure’’ ones will outwear them, and as brushes improve with 
use, it is not desirable to have one start wearing out just at 
the time when it should be getting good. 


It takes some little time before the badger-hair finishing 
varnish brush can be brought to its maximum efficiency; and, 
properly cared for, it should last for years. So it would be 
nothing but false economy to buy anything but the “pure” 
badger-hair brush for such a use. Brushes that are used for 
finishing must be absolutely clean, and as this is a condition 
that can be acquired and maintained only by use and eare, 
these brushes improve in value and usefulness in direct propor- 
tion to the care and use given them. Nearly all automobile 
painters, who make a specialty of finishing, that is, applying 
the finishing varnish, own their own brushes, and they accord 
them the very best care and attention. 


The following table will show the types and sizes of brushes 
used in automobile painting: 


Brushes for Car Painting 


Primer: 214” ox-hair or soft bristle for large surface; 1” 
ox-hair or soft bristle for small surfaces. 


Filler: 2” flat bristle; 114’ oval bristle. 


Color: Body, 1” camel’s hair for small places; 3” camel’s 
hair for large panels; chassis, 114’ camel’s hair. 


__ For the automobile colors that are applied in thicker coats, 
he ee whites, creams, and grays, a 114” ox-hair brush can 
e used. 


Touch-up: 14” camel’s hair for bolt heals, lugs, ete. 


, Color rubbing varnish!: Body, badger-hair, double thick, 
1” for small places; badger-hair, double thick, 214” for large 
panels. Chassis, badger-hair, double thick, 114”. 


Finishing varnish: A set of three, the same as for color-rub- 
ing varnish. For touching up the finished job with an air- 
drying enamel, irons, running gear, etc., a small brush known 
as a sign painter's brush is a handy tool. It isa 14/” ox-hair, 
with the hair about °’ long, and has a long handle. A 1 4’ 
bristle or ox-hair brush will also be required for enameling rims. 
Striping, monograming, lettering: 
No. 3 (stripe up to 1%); 
monograming and lettering 


Sword stripes, sizes No. 2, 
broad stripes (stripe 14 to 5%’): 
pencils, assortment. 


Brushes for Truck Painting 
Truck work is harder on brushes, and a hich-class finish is 


not so essential. The surfaces are rougher and do n 
so high-grade a tool. . pete 
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Primer: Body, 2” bristle for any kind of pri ; chassi 
1%” bristle for any kind of peiuen a ee 


Filler: 214” bristle body. 
Color: Body, 214” ox-hair; chassis, 114” ox-hair. 


_Varnish:! Body, 214” bristle (one set for color rubbing var- 
nish); Chassis, 114’ bristle (one set for finishing varnish). A 
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bristle brush is required for this work because larger surfaces 
require a longer working or brushing of the varnish, and the 
longer it is worked the stiffer it gets. Also the heavier bodied 
varnishes are used on trucks, where so fine a finish is not re- 
quired. Larger brushes would be required for moving vans, 
a a number of men could work on a panel at the same 
ime. 


POINTERS ON SHIPPING AN AUTOMOBILE 


An automobile will be received for transport by freight only 
when either crated or set up. The usual method in shipping 
by freight is to ship it complete, and run it right into the car. 
See that the railroad company blocks the wheels so that the 
auto will not pitch forward or backward. It is also well to see 
that the machine is braced from the side. 


Get a clear bill of lading from the railroad company, so that 
you have something on which to base a claim for damages in 
case of the car being smashed. It is well to box the cushions 
and all loose parts separately. The charge for conveyance 
must be ascertained from the railway company. 


Place the vehicle in the car parallel with the sides, and see 
that the front wheels are in line with the back wheels. Wrap 
the lower third of the tires with burlap to prevent chafing; and 
set the brakes. 
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To block the wheels, fasten each wheel to the floor with a 
strong band of canvas or several layers of burlap of the width 
between two spokes. Secure the band to the floor on each side 
of the wheel with blocks 2’ by 4” by 12’. Place these blocks 
parallel with the wheel, using plenty of nails or spikes. 


Use blocking in front 4nd behind each tire one-third as high 
as the diameter of the wheel, and at least one inch wider than 
the tire. Fasten this securely to the floor, and tie together 
with one or two-inch lumber from block to block. Have the 
blocking of sufficient width so that the boards used to tie the 
blocks together will clear the tire at least a half-inch on each 
side. 


_In packing the auto, empty the gasoline and water tanks and 
disconnect the batteries. In the case of electric cars, remove 
the batteries. 


The tires should be tightly inflated; and the edges of the 
boards and blacks next to the tire should be rounded or beveled, 
so that if they should become deflated or in any way come in 
contact with the boards or blocking, they will not be so liable 


to chafe. Place the covering over the vehicle to keep 
on dust. Also remove the lamps to prevent damage to 
them. 


Freight cars should be carefully inspected to see that they 
are fit for loading. If there are nails or other projections in 
the floor or sides of the car, they should be removed. It the 
roof appears to be leaky, or its fastenings for the doors, both 
end and side, are not complete or ample, the car should be 
refused, and a car suitable for loading demanded. Failure on 
the part of the shipper to do this renders him liable for the 
damages resulting from having loaded the vehicle in a car 
manifestly unfit. 


USEFUL ACCESSORIES 


The J. H. tonneau windshield shown in the illustration (Fig. 
7) will give to the open car the comforts of the closed car. In 
the summer it permits of driving in comfort with the top down 
or up, and in the winter it will close the rear of a car up as com- 
fortably as a limousine or closed. car. 


Fig. 7 


To those who are debating the question of whether to pur- 
chase an open or a closed car, this device will no doubt prove 
of advantage in assisting in reaching a decision, The expense 
of a closed car is considerably more than that of a touring car 
and less power and wear can be had from it. With this device 
a considerable sum can be saved. The tonneau windshield is 
handsomely constructed, and will add greatly to the appearance 
ofacar. Manufactured by the J. H. Tonneau Windshield Co., 
1777 Broadway, New York, N.Y. 


Fig. 9 


1 The Columbus Varnish Co., Columbus, Ohio, and the Boyer 
Chemical Co., 940 N. Clark St., Chicago, supply varnish and 
paints with instructions as to their use for repainting and 


touching up cars. 


The Gemco visor for Dodge sedans and coupes is shown in 
Fig. 8. It is made of heavy plate glass 11” wide, 14” thick; 
nickel plated trimmings, black enameled frame; the brackets 
are screwed to the extension of the car; and it is provided with 
a ratchet for quick adjustment to any angle. With this attach- 
ment sleet, rain, and snow cannot obscure the driver’s vision. 
Made by the Gemco Co., Milwaukee, Wis. 


Windshield cleaners are made in a number of different forms. 
Fig. 9 shows a half-circle cleaner which is fitted to the wind- 
shield by drilling the glass. It will instantly remove rain or 
snow in this half circle. 


An “automatic”? windshield cleaner is another type used. 
This consists of a small metal cylinder, about six inches long, 
mounted on the top frame of the windshield. The metal 
cylinder contains a small piston attached to a scraper arm 
fitted with a rubber strip. A piece of special rubber tubing is 
connected to the inlet manifold of the engine, and the scraper 
is thus operated by the suction from the inlet manifold. When 
once turned on, the cleaner swings constantly, and removes 
the rain or snow until stopped. 


A mirrorscope for placing on the fender (Fig. 10) will enable 
one to see the cars in the rear. 


A compression whistle is shown in Fig. 11. This device is 
screwed into the cylinder in place of a relief or priming cock, 
and is operated from the seat. To those who have. difficulty 
in keeping the battery charged this device will serve instead of 
the electric horn and thus save electric current. 


A good clock is a very necessary cowl-board equipment. 
Not all clocks on automobiles are good ones. | A clock for auto- 
mobile use should be of the best in order to withstand the vibra- 
tion. As cars are driven in all seasons of the year, the clock 
should have a compensating balance so that it will not be 
affected by extremes in temperature. 
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Fig. 12. Automobile clocks are made in many designs by 
Waltham Watch Co., Waltham, Mass. The one shown is the 
model “F.”’ Note the “‘O” on dial. A red signal will appear 
three days in advance of the time when winding is necessary. 


Experienced automobile drivers advise a clock to do away 
with the inconvenience of referring to their watch when clothed 
for cold or stormy weather, as even the few seconds required 
for this might result in an accident to the machine or passengers, 


Fig. 14 


Fig. 13. The Ramspring bumper, shown above is based on 
a principle that is different from other principles and construc- 
tions. One side may be deflected without materially deflecting 
the other side. The action of the coiled spring may be varied 
y changing its tension, which is done by loosening the nut on 
the bottom and winding up the bottom cap. It will be noted 
that the bottom cap which holds the spring tension is serrated 
with heavy square teeth. 


Fig. 15 


Action: Heavy coil springs cushion the impact and absorb 
Fig. 14 shows the bumper taking a blow from the 
solid lines indicate normal position of the bar; Fig. 
15 shows the bumper taking a heavy blow head on. Manu- 
facturers are the Ramspring Bumper Co., 624 W. Adams St., 


A bumper for the rear as well as the front of the car will often 
save the lamps, fenders, body, and radiator. Insurance rates 
are reduced in most policies where cars are equipped with front 
and rear bumpers. 


Fig. 16. A gasoline gauge which can be placed 
n the dash and which will indicate the amount of 
gasoline in the tank in the rear of the ear is a very 
andy and serviceable device. A gauge known as 
the Petrometer, sold by the Porter Carburetor Co., 
Knickerbocker Bldg., Forty-second Street and 
Broadway, New York, » is shown in the 
illustration. 


The glass tube in the gauge of the Petrometer 
contains a special red fluid which indicates by 
different levels and the markings beside it the 
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Fig. 17. The Winterfront radiator shutter could be classified 
as a very necessary device for regulating the temperature of the 
cooling system, thus conserving the heat of the engine, making 
starting easier, and enabling the engine to warm quickly, as 
explained with another principle on page 149. The device 
(Fig. 17) is one which can be secured for any make of car, and 
fits over the outside flat surface of the radiator core. 


Operation: The shutters (R) are ribbed and turn in brass 
trunnions (G). All shutters operate in unison and are con- 
nected with a thermostat. 


The thermostat consists of a pair of thermo-wafer cells (B) 
with a spacer (C) and an aluminum heat-conducting flange or 
plate (A). The thermo-wafer cells are filled with a lquid 
mixture which forms gas proportioned to make the cells expand 
or contract at the desired temperatures. For ordinary require- 
ments they are filled to begin expansion at 130° F., and fully 
expand at 175° to 180°. The heat is derived from the radiator 
core, through the aluminum heat-conducting flange (A) which 
rests against the core of the radiator, and as it warms up the 
heat is carried to the thermo-wafer cells (B), causing them to 
expand. As the cells (B) expand, they turn the double bell 
crank (D) which is connected with the shutters (R), opening 
them gradually as the heat of the radiator rises above 130°, 
and fully at 175° to 180°. When the temperature drops below 
130° the thermo-wafer cells (B) contract and automatically 
close the shutters (R). 


If desirable to close shutters when stopping the car, the 
exposed closing button (N) can be pressed, which instantly 
locks them shut. The automatic release (L) restores the 
shutters to operating position when the engine is started. 


Adjustment of the releasing attachment can be changed with 
a small wrench enclosed with the attaching bolts, etc. It fits 
the brass bolt projecting through the upper tie bar. This 
brass bolt can be reached through the space above the top 
shutter, when the shutters are open. Turning the wrench to 
the right will make the adjustment more sensitive, and to the 
left less sensitive, 


If shutters should fail to open fully when the engine is heated 
up, the thermostat disks (B) may have become porous, or the 
soldering leaks. The disks are replaceable, 


Names of parts: A, aluminum heat-conducting flange; 
B, thermo-wafer cells; C, cell spacer; D, double bell crank; 
E, thermostat insulator; F, frame insulator; G, brass trunnions; 

» composition bearings; I, cushion cord; J, shell; K, safety 
spring; L, automatic release; M, shutter lever; 
button; O, shutter rod; P, shutter operating bar; Q, closing 
spring; R, shutters. (Manufactured by Pines Mfg. Co., 408 
N. Sacremento Blyd., Chicago, Til.) 


To Prevent Steam and Water Collecting on Windshield 


A solution Suggested by a trade magazine to prevent steam 
and water collecting on the windshield is as follows: 1 ounce - 
water: 2 ounces glycerine; 1 spoonful of salt. This can be 


applied by wiping up and down with a cloth saturated in the 
solution, i 
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TRAFFIC REGULATIONS: Rules of the Road; Pointers on Driving 


STREET, TRAFFIC AND PARKING REGULATIONS 


The driver of a car should be careful to observe 
the rules of the road, for damages are not so likely to 
be collected, if he can prove that he was where he 
should have been. 


_ Throughout the United States, the invariable rule 
is to keep to the right; in England it is just the 
opposite. 


The following is a fair example of traffic rules 
which may vary slightly, but practically represent 
the ordinances in different large cities. 


St. Louis traffic laws and regulations are cited as 
an example of ordinances which are substantially 
similar in all large cities. Compiled by Mr. J. F. 
O’Donnell, Atty., under direction of Mr. C. M. 
Talbert, Director of Streets, St. Louis, Mo. 


Definitions 


“Vehicle’’ includes animals that are led, ridden, or driven, 
and every horse-drawn or motor-driven conveyance except a 
street car. (Sec. 1294, Rev. Code, 1914.) 


“Driver” includes the rider and driver of a horse, the rider 
of bicycles and motorcycles, and the operator of any other 
vehicle. (Sec. 1294, R. C. 1914.) 


“Congested district’? consists of the following described 
streets, to-wit: (Sec. 1333, R. C. 1914). 


“Street”? designates every highway and place used by or laid 
out for the use of vehicles. (Sec. 1294, R. C. 1914.) 


“To park’? means to stand or store any vehicle on a public 
highway when it is not being loaded or unloaded. (Sec. 1294, 
R. C. 1914.) 


Authority 


Drivers shall at all times promptly obey all reasonable direc- 
tions of a police officer engaged in directing traffic as to stop- 
ping, starting, approaching or departing from any place; the 
manner of taking up or setting down passengers, and loading 
or unloading goods in any place. (Sec. 1288, R. C. 1914 
amended by Ord. 30174.) 


License 


State license plates shall be conspicuously displayed and 
firmly fixed on the front and back of every motor vehicle, except 
motoreycles and motor tricycles, which shall display a State 
License Plate permanently fastened to the back only. (State 


Law, 1917.) 
License plates to be kept reasonably clean. (State Law, 1917.) 


Lights 


Motor vehicles, while on the public highways, whether in 
operation or otherwise, from a half-hour after sunset to a half- 
hour before sunrise, and when fog or other atmospheric condi- 
tions render the operation of vehicles dangerous to traffic, shall 
carry at the front at least two lighted lamps, not exceeding 
36 candlepower each (except that motorcycles shall carry one 
lighted lamp), showing white lights visible at least 500 feet 
ahead and revealing objects 150 feet ahead, adjusted and 
directed so that on level ground the main shaft of light shall 
be projected straight forward, no portion of it being above the 
level of the lamp nor more than 42 inches above the ground. 
Blectric headlights shall, in addition, have their door glasses 
etched, ground, or so formed that the lighted filament shall 
appear blurred. (State Law, 1917, and Sec. 1314 R. C. 1914.) 


Red light on rear. At all times when lights are required 
there shall be carried at the rear a lighted lamp exhibiting one 
red light, plainly visible for 500 feet toward the rear. (State 
Law, 1917; and Sec. 1315a, R. C. 1914.) 


Sidelights, or substitutes therefor, may be used with electric 
bulbs not stronger than 10 candlepower each, provided the con- 
densed light is projected forward and if possible downward below 
the level of the lamp, and provided the glass openings emitting 
light are etched or ground as required of headlights. (State 

“Law, 1917; and Sec. 1314a, R. C. 1914.) Ground-glass bulbs 
may be used instead of having glass opening etched, ground, etc. 


Spotlights shall not. be used on the public streets except in 
emergencies or when headlights are inadequate owing to rain 
or fog, and then only providing the shaft of light is directed 
well downward and at no time into the eyes of other persons. 
Outside of the city, they may be used if directed well downward 
and not into the eyes of other persons. (State Law, 1917; and 
Sec. 1315, R. C. 1914.) 


Horsedrawn vehicles from one half-hour after sunset to one 
half-hour before sunrise during the months from October to 
March, inclusive, and from one hour after sunset to one hour 
before sunrise during the months from April to September, 
inclusive, shall carry at least one light showing white from the 
front and red from the rear, visible for a distance of at least 
300 feet. (Sec. 1308, R. C. 1914.) 


Lights and warnings upon extensions shall be placed when 
any part of the load projects more than five feet beyond the 
rear of the vehicle. Such extra light or warning must be placed 
at the extremity of the projection and_be visible from both sides 
and from the rear. (Sec. 1311, R. C. 1914 and penalty; See 
1312, R. C. 1914.) 


Avehicle being towed shall have separately displayed thereon 
the lights required on vehicles of the class to which it belongs. 
(Sec. 1310 and 1312, R. C. 1914.) 


Bicycles while on public highways, whether in operation or 
otherwise, at the times and under the conditions specified for 
motor vehicles shall carry one lighted lamp showing a white 
light, visible at least 200 feet to the front, and also one red light 
or one red reflex mirror plainly visible from the rear. (State 
Law, 1917; and Sec. 1308, R. C. 1914.) 


_ Color of lights: No vehicle shall show any other than a white 
light to the front and a red light to the rear. (State Law, 
1917; and Sec. 1308, R. C. 1914.) 


Rules of the Road for Vehicles 


How to drive: All vehicles shall be driven in a careful man- 
ner, with due regard for the safety of other vehicles and persons 
(See. 1801, R. C. 1914.) 


Rights of vehicles: Two vehicles, which are passing each 
other in opposite directions, shall have the right of way, and 
no other vehicle to the rear of either of such two vehicles shall 
pass or attempt to pass such two vehicles. (State Law, 1917.) 


Overtaking, meeting and passing: If overtaking another 
vehicle (except a street car), pass it on its left. (Sec. 1267, 


R. C. 1914.) In meeting another vehicle, pass it to the right. 
Boop e ne right side of the street. (Secs. 1300 and 1266 
. C, 1914. 


Vehicles to pass other vehicles—how—except street cars: 
A vehicle overtaking another shall, in passing, keep to the left, 
and shall not pull over to the right until entirely clear of it, nor 
shall it leave the line on the right unless there is a clear way of 
at least one hundred feet in advance on the left. (Sec. 1267, 
R. C. 1914.) 


Right of way: Vehicles in the service of the Police and Fire 
Departments and United States Mail, underwriters’ salvage 
corps, emergency repair vehicles of public utility companies, 
and ambulances, when in the course of their regular duty, shall © 
have right-of-way over other vehicles. (Sec. 1278, R. C. 1914.) 
Ifast and west-bound vehicles shall have right-of-way over 
north and south-bound vehicles. (Sec. 1280, R. C. 1914.) 
Excepting where controlled by traffic regulations of a city, the 
driver of a vehicle approaching an intersection of highways 
shall yield the right-of-way to a vehicle approaching on his 
right. (State Law, 1917.) 


Stop back of street cars: The driver of every vehicle shall 
stop at the rear of any street car which has stopped to take on 
or let off passengers, and shall remain at a standstill until such 
street car has resumed motion; provided that on streets in 
the congested district vehicles may pass street cars so stopping 
if they clear the running board, or lower step by six feet. (Sec. 
1283, R. C. 1914.) 


Stop back of building line: When so signalled by traffic 
officer, vehicles shall stop back of the building line, leaving the 
crossing clear for pedestrians, (Ord. No. 30174.) 


Vehicle likely to delay traffic: No one shall drive any vehicle 
in such condition or so loaded as to be likely to delay traffic, 
or cause an accident. (Sec. 1285, R. C. 1914.) 


Width of vehicle and load: No person shall drive through 
the streets a vehicle the width of which, with its load, shall 
exceed ten feet, except on permit from the Director of Streets 


and Sewers. (Sec. 1287, R. C. 1914.) 
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Left side to curb not permitted: No vehicle shall stop with its 
left side to the curb. (Sec. 1289, R. C. 1914.) _ See special 
rules for One-Way Streets and Alleys for exception. 


Stopping alongside another vehicle not ermitted: No 
vehicle shall stop abreast aonther vehicle lengthwise of a pub- 
lic street except in an emergency. (Sec. 1290, R. C. 1914.) 


Slow up on approaching a pedestrian: A driver of a motor 
vehicle shall slow up on approaching a pedestrian who is on 
the traveled part of the roadway and signal audibly. (State 
Law, 1917, see Secs. 1276 and 1277 R. C., 1914.) 


Slow up on approaching intersecting highway, curve or 
corner: The driver of a motor vehicle, on approaching an 
intersecting highway, curve, or corner, where his view is 
obstructed, shallslow up soastostop readily. (State Law, 1917 
and see Secs. 1276, 1277, and 1301, R. C. 1914.) 


Safety zones: No vehicles shall cross or enter safety zones 
as designated by the signs. (See Secs. 787 to 789, R. C. 1914.) 


Turning: A vehicle wishing to cross from one side of the 
street to the other in a business district, except in the congested 
district, shall go to the next intersecting street before making 
the turn. (See Secs. 1271 and 1272, R. C. 1914, and Sec. 1334 
Cong. Dist.) 


Vehicles turning into another street to the right shall keep as 
near the right-hand curb as possible. (Sec. 1269, R. C. 1914.) 
See special rules for One-Way Streets and Alleys for exception. 


Vehicles turning into another street to the left shall turn 
around the intersection of the center lines of the two streets. 
(See. 1270 R. C. 1914.) See special rules for One-Way Streets 
and Alleys for exception. 


Signals on leaving curb, slowing up, stopping, or turning: 
The driver shall give an advance signal to those behind by 
holding out the hand or by some approved signaling device, 
so as to indicate intention to slow up, stop, or turn. In ap- 
proaching an intersecting street where other vehicles are 
approaching, or where a traffic officer is located, the drivers 
of vehicles shall designate the direction in which they wish to 
proceed by signals or words. (Secs. 1273 and 1274, R. C. 1914.) 


Backing: The driver shall give ample warning to those 
behind by hand or by some approved signaling device before 
backing, and constant care shall be exercised to avoid a collision 
while doing so. (Sec. 1275, R. C. 1914.) 


Stop on approach of fire apparatus: The driver of a vehicle, 
on approach of a fire engine or fire apparatus, shall immediately 
draw up said vehicle as near as practicable to the right-hand 
curb, parallel thereto, and bring it to a standstill. Street cars 
shall immediately stop between intersecting streets and keep 
stationary on the approach of a fire engine or other fire appara- 
tus. (Secs. 1281 and 1282, R. C. 1914.) 


Vehicles to keep near right-hand curb—exceptions: All 
vehicles shall keep to the right and as near the curb as possible, 
except when passing vehicles ahead. (Sec. 1266, R. C. 1914.) 


Taxicabs and other vehicles regulated by permits shall com- 
ply strictly with the provisions set forth in their respective 
permits. (See Secs, 525 to 554, R. C, 1914.) 


No one under 16 years old to drive: No one under sixteen 
years old shall drive any public, numbered, licensed, or business 
vehicle on a public highway. (Sec. 1286, R. C. 1914.) 


Nochauffeur under 18 years old: No certificate of registration 
of a chauffeur shall be issued to any person under eighteen 
years old. (State Law, 1917.) 


Keep to right drive on divided parkway: On astreet divided 
longitudinally. by a parkway, vehicles shall keep to the right of 
such subdivision. (Sec. 1268 R. C, 1914.) 


Vehicles to stop near curb: No vehicle, unless in an emer- 
gency, or to allow another vehicle or pedestrian to cross its 
path, shall stop in any public street or highway, except near 
the right-hand curb, and so as not to obstruct a crossing, and 
shall not stop or stand within the intersection of any streets. 
(Sec. 1292 R. C. 1914.) See Reg. of one-way streets. 


Accidents: In case of an accident due to the operation of any 
vehicle, the driver thereof shall stop and render such assistance 
as he can, give his name and address to the person injured, or 
to any other persons who question him, and report the same 
immediately to the Police. (State Law, 1917.) 


Tntoxication: No person while under the influence of intoxi- 
cating liquor shall drive any kind of vehicle on the public high- 
ways. (State Law, 1917.) 


Processions: No vehicle shall be driven through a funeral pro- 
cession except Police, Fire Department, Salvage Corps, emer- 
gency repair vehicles of public utility companies, United States 
mail, and ambulances when on duty. (Sec. 1199, R. C. 1914.) 


Obstruction by vehicles and interference with street cars. 
No vehicle shall so stand on any street as to interrupt or inter- 
fere with the passage of street cars or other vehicles. (Sec. 
1325, R. C. 1914; see Sec. 1292, R. C. 1914.) This applies 
particularly to vehicles standing near the corner so as to inter- 
fere with street cars rounding curves, 
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No automobile shall be left unattended with machinery in 
motion: No automobile shall be left upon any street unat- 
tended while any portion of its machinery is in motion. (Sec. 
1291, R. C. 1914.) 


Vehicles not to obstruct mail boxes: No vehicle shall stand 
opposite a United States mail box so that convenient access 
thereto is obstructed. (Sec. 1326, R. C. 1914.) 


Length of tow lines: Any vehicle being towed shall be so 
connected as not.to leave more than 12 feet between vehicles. 


Glass on street, alley, or driveway: No person, firm, or 
corporation shall throw or place any glass upon any public 
street, alley, or driveway. Penalty up to $100 for each offense. 
(Sees. 1208 and 1209, R. C. 1914.) 


Rules of the Road for Pedestrians 


Observation of the rules: Pedestrians by observing the 
rules will facilitate the movement of traffic and minimized dan- 
ger to themselves. While they have the right to cross the road- 
way in safety, it is intended, primarily, for vehicular traffic. 


Look before stepping from the curb: Look first to the left 
and then to the right for vehicles. e 


Use the regular crossing, and cross at right angles and not 
in the middle of the block or diagonally at intersections. 


Stand on sidewalk when waiting for street car until the car 
approaches. 


Obey traffic officer’s signals and commands. 


Do not cross behind street cars: When alighting from street 
cars, be sure the way is clear before crossing behind the car. 


Congested District 


Between the hours of 7 a.M. and 7 p.m. the following regu- 
lations shall be enforced in the ‘“‘Congested District.” (See. 
1330, R. C. 1914 and Sec. 1333.) 


Not to park longer than one hour: No vehicle shall remain 
continuously at the same place in the congested district for a 
longer period than one hour. Disabled vehicles and vehicles 
for public hire, operating under proper permit are exempt. 
(Ord. No. 30405.) 


Vehicles for advertising not to stop: Vehicles for display 
advertising or public inspection shall not stop within the 
congested district, except on direction of a traffic officer or on 
approach of fire apparatus, and shall move at not less than 
three miles per hour. (Sec. 1330, R. C. 1914.) 


“No parking’? spaces: The Director of Streets and Sewers 
is authorized to designate spaces on either side of any street 
where no vehicle shall stand for a longer period than is necessary 
for thedischarge or receipt of passengers or freight, and not 
longer than fifteen minutes while so engaged. These spaces 
shall be designated by official signs. It shall be unlawful for 
any person to place any sign designating any portion of a 
street as a place at which vehicles shall not be parked except 
the signs authorized as above. (Sec. 1335, R. C. 1914.) 


Entrance to public buildings: No vehicle shall park before 
any entrance to a building for a longer period than thirty 
minutes. (Sec. 1331, R. C. 1914.) 


Complete turn at intersection prohibited: No vehicle shall 
make a complete turn so as to face in the opposite direction on 
any street in the congested district, but such vehicle, in order 
to turn around, shall be driven around the block. (See. 1334, 
R. C. 1914.) The. owner or driver may be a misdemeanant, 
under this section. 


; as hydrant Zeservetions (Ne yohicls unattended shall be 
ert standing at any time within 6 feet of a fire hydrant. ; 
1330(c) R. C. 1914.) ae ee 


Speed 


Vehicles on the public highways shall be driven in a careful 
manner and at such speed as not to endanger the safety or 


injure the property of anyone. (State L , 1917: 
R. C. 1914.) ( aw, 1917; Sec. 1301, 


Ten feet between vehicles at crossing when pedestrian about 
to cross: No person in charge of a vehicle shall allow it to 
come within a feet of any vehicle in front of him when 
approaching and passing over a crossing when a ped ian i 
about to pass. (Sec. 1276 R. C. 1914.) yee aa 


Special Rules for One-Way Streets and Alleys 


One-way streets have been designated to facilitate th = 
ment of traffic. Vehicles move in the same direction ey alnoce 
cars and on the dead side, Parked vehicles stand on the live 
side of street cars, leaving space for safety zones. Thus 
vehicle traffic 1s not interrupted by stopping while street cars 
take on and discharge passengers, and the latter are not 
endangered by moving vehicles. In parking at an angle, autos 
are required to back in. Thus the top, when down overhangs 
the walk, while if headed in, the tops of the larger i 
would not clear the street cars, 
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Sixth Street and Eighth Street between Washington and 
Market, southbound: Vehicular traffic shall move south on 
the east side of the street. Waiting vehicles shall stand on 
pea side, facing south, at an angle of 30 degrees with the 
curb. 


Seventh Street, between Washington and Market and Ninth 
Street between Washington and Pine, northbound: Vehicular 
traffic shall move north on the west side of the street. Waiting 
vehicles shall stand on the east side, facing north at an angle 
of 30 degrees with the curb. 


Vehicles stop with the left to the curb: Since traffic is mov- 
ng ahead on the left side of the street, vehicles may stop with 
left side to the left curb, long enough to load or unload, but if 
intending to park, must take up a position on the right-hand 
side of the street. 


Turning: In turning to the right into a one-way street, the 
center line of the latter must be passed before making the turn. 
In turning to the left into a one-way street, the center line of 
the latter must not be passed before making a turn. 


Alleys in business district: In all east-and-west alleys, 
vehicular traffic shall move west; and in all north-and-south 
alleys it shall move south. 

& 


Signs 


“Safety Zones”: (Secs. 787 to 789, R. C. 1914.) These 
signs are placed to designate the space reserved for pedestrians 
pauline for street cars and through which vehicles must not be 

iven. 


“Congested District” signs are placed at all street corners 
within the congested district. 


“No Parking” signs are furnished and placed by the Depart- 
ment of Streets and Sewers on the curb to designate the ends 
of the space within which vehicles must not be parked, in 
accordance with the congested distriet regulations. (Sec. 1335, 
R. C. 1914.) 


“One-way Traffic Street.”” These signs are placed at each 
street corner on a one-way traffic street, designating the direc- 
tion in which traffic must move. 


“In” or “Out” signs are placed at the éntrance to one-way 
alleys in the downtown district, to designate the direction of 
traffic through the same. 


“School Zone” signs are placed on either side of and 100 ft. 
from school buildings as a warning to drivers to use exceeding 
care for the protection of children crossing the street. 


“Zones of Quiet’ signs are placed in the neighborhood of 
hospitals and similar institutions, where particular care is to be 


exercised in preventing unnecessary noise. (Secs. 1196-1198, 
R. C. 1914.) 


Pedestrian lines: At certain street crossings in the downtown 
district, white lines are marked on the roadway pavement, 
within which pedestrians are expected to stay when crossing 
the street. 


Equipment of Motor Vehicles 


Brakes: Adequate brakes must be provided and kept in 
good working order at all times. (State Law, 1917.) 


Warning signals: Every motor vehicle operated on the pub- 
lic highway shall be equipped with a warning device capable 
of emitting a sound adequate in volume to give warning of the 
approach of said vehicle. Every person operating a motor 
vehicle shall sound the warning device whenever necessary, but 
not at other times. (State Law, 1917; see Secs. 1323 and 1324 
R. C. 1914.) 


Mufflers shall be attached to the engines of all motor vehicles 
and shall be of such capacity as to quiet the maximum possible 
exhaust noise as completely as practicable. (State Law, 1917; 
and Secs. 1317 to 19, R. C. 1914.) 


The muffler cut-out shall be completely closed and discon- 
nected from its operating lever so that it cannot be opened 
while said vehicle is in motion. No vehicle shall be driven in 
such a manner as to produce unnecessary noise. (State Law, 
1917; and Sees. 1317 to 19, R. C. 1914.) 


Locks: Motor vehicles should be provided with good and 
sufficient locks, installed in a manner that will allow the mov- 
ing of the car, when necessary, by the Police and Fire Depart- 
ment. 


Copies of traffic ordinances similar to these are provided 
free to motorists in every large city. When touring, one 
should secure a copy for each large city he enters. 


One-way streets are usually those in which street cars run 
in one direction only. Alleys in business districts are also one- 
way. 


Sec. 1335, under “Congested District’? above, has been 
amended. For instance, ‘No Parking’’ space, would apply 
to other than congested districts, if in the judgment of the 
Director of Streets such spaces are necessary, for the interests 
of a business firm in loading and unloading freight, ete. 


RULES OF THE ROAD AND POINTERS ON DRIVING 


The following illustrations show how to make 
turns, pass other vehicles and street cars, etc. 


Rig 1, 
of the intersection of two streets. 


Fig. 2. Passing a street car on the left is a violation of 
the law. 

Fig. 3. The right way to pass a street car is on the right, 
and if passengers are getting on or off, stop. 


Fig. 4. When crossing a street, the right-hand vehicle has 
the right-of-way. 


Fig. 5. When turning to the right, keep near right-hand 
curb. E 
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It is the rule in many cities that when two vehicles 
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—-+-- 


approach a street intersection simultaneously in the manner 
illustrated, the vehicle at the right, as indicated by the heavy 
lines, shall have the right-of-way, regardless of the direction 
traveled. 


Fig. 7. Slow-moving vehicles should keep close to curb. 


Fig. 8. 
tion, should pass on the left of the car ahead, 
directly in front of the car which you pass. 


One car passing another going in the same direc- 
Do not cut 


Fig. 9. When turning, go to the far corner, then make a 
wide swing. 


Fig. 10. Keep over as near as practicable to the right-hand 
curb when driving slowly, so as to leave the center of the street 
free and open for faster traffic—the slower the speed, the nearer 
the curb. 


Fig. 11. Clear the center intersection of the street when 
making a turn. 
JE, TY, leet turning corners, with a car coming, give a 


signal with your hand to indicate the direction in which you 
intend to go and as a hint for him to slow up. Always observe 
a central point in the intersection of streets, and clear it when 
turning. 


Hig lst Approaching a circle; 
which to enter and leave, 


Fig. 14. Don’t park closer than 6 ft. to a fire hydrant. 
distance varies; in some cities 10 and 15 feet is the limit, 


arrows point the way in 


The 
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Precautions 


Approaching railroads: When approaching a railroad cross- 
ius eapecslleee there is an incline or grade, the car should be 
dropped back into second speed and the approach made care- 
fully, first so that the driver may be in a position to determine 
whether to make the crossing or not, and second, to be in posi- 
tion to accelerate the car suddenly with very little chance of 
stalling the engine. 


Many accidents have happened because inexperienced drivers 
have become confused and stalled their engine. On noting 
the approach of the train, they have thrown on their power, or 
let in their clutch suddenly, with the result that the egnine is 
stalled, and it is then too late to move out of danger. 


When crossing street-car tracks and climbing out of ruts, 
skidding can be prevented and accidents avoided, and the life 
of your tires can be lengthened, if you will learn how to turn 
your car out of tracks and ruts. Make a sharp turn of your 
front wheel. Do not allow the wheel to climb along the edge 
of the rut and finally jump off suddenly, and do not attempt to 
climb out of these conditions at speed. 


Rounding corners at speed: Driving a car around a sharp 
corner at twenty-five miles an hour does more damage to the 
tires than do fifteen or twenty-five miles of straight road work. 
This is an economical reason why one should drive around 
corners cautiously and slowly. The other reasons are obvious. 


Excessive sounding of the horn is proof that the motorist is 
a novice. No accepted rules exist in regard to the meaning of 
horn blasts, but it is reasonable to assume that prolonged 
honking indicates that the car behind is going to pass and desires 


a clear road. 


Headlight Courtesy on the Road and Signals 
when Stopping, Slowing down, or Turning 


You know how very difficult it is to see when you are ap- 
proaching another machine with glaring headlights. You are 
simply blinded, and cannot tell whether you are running off 
the road, are too close to the oncoming machine, or are striking 
obstructions. It,is a peculiarly helpless feeling to be directing 
a car when confronted by the other fellow’s glaring lights in 
this way. 


If your headlights are on and are not equipped. with non- 
glare devices, he is in just the same predicament, however, and 
the least either of you can do is to dim the headlights while 
passing. This is a safety factor as well, for it protects each 
from running into the other, or off the road. In most states a 
law prohibits the use of glaring headlights. 


4F SIGNALING 
FROM LEFT SIDE 


IF SIGNALING 
FROM RIGHT S108 


car slows down, or turns, 


Stop Signals 


In a number of states there are laws idi 
f t providing that all el 
pa pee pce ed wit a cont signal device which eit ore 
ate to the driver of the car in the re. i i 
fhe pees ae ar that the car is going to 


Neon is an element of the air. When air is spli i i 
air. it up in 
paca parts: oxygen, nitrogen, argon, eine Neon ine 
of the elements Segregated, and it is this Neon that is used in a 
a ass tube shaped like a hand, which is used as a stop signal 
eon is one of the alr srarest gases. There is only 1 cubic inch 
of Neon in approximately 100,000 cubic inches of air, 
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MIBRATOR TYPE 
{NDUCTION COIL 


‘ON CAR 


REGULAR BATTERY 


mig. 16: 


The Neo-Lite; a stop signal. 


An examination of Fig. 16 will show that a small induction 
or secondary coil is used, something like a vibrator type of 
spark coil. This is used to intensify the low voltage to a high 
voltage. 


The glass tube (shaped like a hand) is filled with Neon, which 
has 75 times less resistance than air. For this reason, when 
connected with the secondary terminals of the coil and contact 
is closed, the Neon glows, giving an orange-red glow. 


The connection for closing the circuit can be attached to the 
brake pedal, so that when the car is slowed down, the current 
from the battery is connected. The device is enclosed in a 
metal case mounted on the fender. Owing to the low resistance 
offered by Neon, the current consumed is approximately one- 
eighth less than that of an electric bulb generally used. EXxperi- 
ments have proved that Neon offers so little resistance to the 
passage of electricity that, where a 15,000-volt current is 
required in air, a 200-volt current will suffice in pure Neon. 
In other words, a spark that will jump 1 inch in air will jump 
75 inches in pure Neon. The manufacturer of this device is 
the Federal Signal Co., Albany, N.Y. 


Join the A. A. A. 


“A.A.A.” stands for The American Automobile Association, 
which is the national organization of motor-car users, It was 
organized in 1902, and has a membership of over 200,000. 


You should join your local club if it is affiliated with the A.A. 
A.; otherwise join the national body direct. 


The A.A.A. is striving for a federal highways system; urging 
the adoption of uniform traffic laws; advocating federal regis- 
tration; and mapping the roads of the country. 


Members can always obtain exact and detailed information 
from the national bureaus of the Touring Board in Washington, © 
D.C., and New York City, and also from the local clubs in 
practically every important city throughout the United States. 
Address; The American Automobile Association, Albee Bldg., 
Washington, D.C., or 501 Fifth Ave., New York City, N.Y. 
Mention Dyke’s Automobile Encylopedia when writing. 


Fig. 17. 


The A.A.A, international road signs. 


INSTRUCTION No. 59 
TOURING: Touring Equipment and Pointers 


A TRANSCONTINENTAL TOUR—THE LINCOLN HIGHWAY 


The following offers full suggestions regarding the 
equipment necessary and other details incident to 
a long tour. A short tour, of course, would not 
require such an elaborate equipment as that sug- 
gested below, and it can, of course, be reduced 
accordingly. 


The transcontinental tour is now comparatively easy and 
decidedly worth while to anyone who can possibly arrange to 
take it. We use the term ‘‘now,” because such has not been 
the casein the past. Until very recently, a trip across the con- 
tinent has been more or less of an adventure, a somewhat 
hazardous as well as an expensive and lengthy undertaking, 
requiring some measure of endurance. 


The following is taken from an article which appeared some 
time ago in the Motor Age. 


One can drive for nearly 2,000 miles across the country with- 
out once being more than half a mile from the familiar red, 
white and blue Lincoln Highway markers. : 


The only thing which might make a coast-to-coast automo- 
bile trip a hardship would be a lack of proper equipment and 
perhaps attempting the trip at the wrong time of year. 


The greatest asset on a trip of this kind is ‘‘common sense.” 
The next greatest asset is ‘‘efficient equipment.” 


The time required for the trip, with easy driving, will be 
nineteen days, driving approximately ten hours per day. This 
will make an average of approximately eighteen miles per hour, 
during the driving time. 


Dress: White collars and cuffs are impossible in camp, and 
soiled linen looks a thousand times worse than a flannel shirt. 
The khaki and flannel are much more welcome in a hotel. 


Make ready before starting—not after. 
as your car. 


Fit yourself as well 


T LONG 
4’ WIDE AND 
HIGH 


(MAN TENT 2 MAN TENT 


Fig. 1 Fig. 2 


The tent: If a one-person affair where two sleep together, it 
should be a balloon silk tent, 7 x 7 x 7 feet, A-shaped, with 
waterproof canvas floor sewed in, and loops along the ridge to 
which to tie the rope when stretched between trees or in using 
poles. (See Fig. 1.) 


The one-person tent (Fig. 1), called the Trego tent, can be 
A-shaped, 7 feet long, 4 feet high by 4 feet wide, with a ridge 
rope sewed on and extending about 10 feet beyond each end. 
Floor, waterproof canvas sewed into the side walls, which hang 
over slightly. 


At the head end is a little window covered with mosquito 
netting sewed in, and outside of this is a curtain which may be 
raised and lowered at will from the inside of the tent. At the 
foot are two flaps, overlapping each other when closed, and 
equipped with snaps and rings for fastening, either open or 
closed. Sleep with the flaps and window of your tent open, 
unless it is storming. <A rope loop is attached to each corner 
for stakes, but, as a rule, the stakes will not be necessary, as 
the bedding holds down the floor. 


This tent may be slung between two trees. If not used in 
this manner, the ropes at each end should be led over 4-foot 
stakes of some kind, and the corners of the tent. must then be 
staked down, so that the walls will act as cross-pieces to keep 
the end poles upright. 


This size tent will take blankets folded once over, and all of 


the extra clothing, etc., can go under the blankets at the head, 
and serve as a pillow. ’ 


The blankets are to be pinned across the foot of the head end, 
with horse-blanket safety pins, procurable at any harness store, 
spacing them about 8inchesapart. There should be two pairs 
of heavy blankets, and one cheap cotton quilt. Fold this last 
mentioned over once, and place under blankets to serve as a 
mattress. 


Always keep a small whisk broom handy. 


Sleep with clothes on, unless the weather is warm; simply 
remove your shoes, leggings (use only canvas leggings, not 
leather), hat, and handkerchief. 


Camp location: Pitch where natural drainage will carry water 
off in case of rain. In the forest, cut alot of small pe branches, 
no thicker than your finger, and rip-rap these with the stems to 
the foot, making a pad the full width of your tent, and about a 
foot thick, before you lie upon it. If there are no trees to 
furnish this, dig a trench about 3 inches deep by 8 inches wide 
just where your hip will come when you lie upon your side. 
This will add wonderfully to your comfort. 


It makes no difference how the tent is placed, except that 
care should be taken not to get the foot or open end toward 
the wind. 


Protection from the wind: Try to get the camp out of the 
wind, on account of cooking. Alongside of the woods is much 
better than in them, on account of the mosquitoes, flies, bugs, 
ete. Get near running water, if possible, although by carrying 
ee milk can on the running board you are independent 
of this. 


Drinking water: Should be selected and carried in a 5-gallon 
milk can, which can be held in place by a wood circle placed on 
the running board, and by straps made on the order of a 
harness. Don’t be dependent upon other water—keep a sup- 
ply on hand. 


When stuck in the mud!: If the rear wheels are stuck in the 
mud, dig holes in front of the front wheels for them to fall into, 
to give the initial start, and, if the car does not continue, then 
block the rear wheels instantly and repeat the operation. Place 
brush in front of the rear wheels and turn them as slowly as 
possible to keep from churning. If one rear wheel is on a good 
road, try putting on the handbrake fairly tight to destroy the 
action of the differential, or fasten the mired wheel so that it 
cannot turn, and the other wheel will do the work and slide 
the mired wheel along the ground. 


The instant you realize you are getting stuck in sand or mud, 
stop right there and look over the situation, instead of fighting 
the car and burying it deeper and deeper. 


Start early and stop before dark to select the camp site. 


Use the windshield to keep the hot, dry air from burning 
your face, and have the top up all of the time for like protection. 


Get all of your guide books before you start. 


In asking directions, always apply to a garage or livery stable, 
but do not depend upon farmers, as their knowledge of the road 
does not extend very far. 


In a party of four, let one do the cooking, another gather fire- 
wood, another put up the tents, and the fourth go over the car 
with oil can, turning up all grease cups, adjusting brakes, etc. 


The Car Kitchen 


This outfit is designed for four people and weighs about ro 
pounds. All items marked* may be purchased at Von Len- 
gerke & Antoine, Chicago, or Abercrombie & Fitch Co., New 
York, and the unmarked items may be obtained at almost any 
store dealing in such goods. 

1 Arizona camp grate, 24/” by 12/7* 
1 set pot hooks.* 

1 aluminum folding baker, 8” x 18/7.* 
1 canvas case for baker.* 

The following Armorsteel pieces of cookin outfit 
purchased of the firms mentioned above: Sagat? may, alle be 
1 frying pan, 974” wide, with patent handle. 

1 cooking pot, 93%” wide. 


1 Pull-U-Out Sales Co., 2024 Market St. St. Loui 
manufacture a device suitable for this purpose, see ee 
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1 cooking pot, 814” wide. 
1 cooking pot, 714” wide. 
1 coffee pot, 634” wide. 
4 soup bowls, 434’ wide. 
5 cups, 4” wide. 
Don’t use aluminum cups. 


plates, 834” wide. 


forks, with four prongs, 714”’ long. 

knives, 8 34’’ long. 

teaspoons. 

cooking spoons. 

carving knife, 1014” long. 

sharpening stone. 

set tin lids for the pots and frying pan. 

pancake turner, 3’” by 414’. 

3-prong cooking fork. 

collapsible wash basin, 12’ by 3’”.* 

camper’s carbide lamp (Abercrombie & Fitch Co. No. 3A937; 
be careful to read the instructions). , 


1 lb. carbide for lamp.* 

2 canvas duffle bags, 10” by 24” (use for food only).* 
1 doz. food bags, 9’” by 9’’.* 

2 food bags, 9” x 14’’.* 


1 agateware milk can with tight lid—2-quart. Use for stewed 
fruit only. 


2 patent egg carriers. 
1 tin bread pan, 10” by 4’’. Use also for washing dishes. 


Ce eon a aor) 


1 Inspirator, for camp fire (2 feet of small rubber hose, one end 


of which is slipped over one end of a 3” piece of copper tub-: 


ing, and the other end of this tubing is flattened to make a 
slit about 1/32” opening). This is a wonderfully handy 
thing for getting a balky fire going. 


Read matter under head of “The Car Kitchen” above. 
The Prentiss Wabers Stove Co., 34 Spring St., Grand Rapids, 
Mich., manufactures camp stoves. Marshall Field Co., Chi- 
cago, supply complete camping outfits. 


Car Equipment 


This equipment is suitable for a transcontinental trip or for 
a shorter one: 
2 extra tires mounted on demountable rims. 
2 extra tires with tubes, covers on them. 
4 extra tubes in bags, under rear seat. 
5 gallons good water. 
60 ft. 5/16” flexible steel cable. 
medium-size shovel, strapped to running board. 
gallons engine oil, in 1-gallon cans. Under front seat. 
set Weed chains, heavy type. 
extra cross-chains. 
set spring chain tighteners. 
set regular tools for car. 
car jack. 
pair good cutting pliers. 
piece hardwood 114” by 4 ft. by 10”. 
2-quart canteen. Buy west of Missouri River. 
blow-out patch for casing. 
extra spark plugs. 
ft. high-tension wire. 
ft. low-tension wire. 
extra valve and spring complete. 
medium-sized axe. Strap to running board. 
small can LePage’s glue, for mending camera, etc. 
hose, upper radiator connection. 
hose, lower radiator connection. 
canvas folding bucket for water; 9’’ by 12. 
can cup grease; under front seat, and so packed that it 
cannot upset when melted. 
1 set extra electric lamp bulbs. 
1 set extra fuses for electrical system. 
2 packages small, cheap towels, for wiping machinery, etc.; 
one dozen in each package. 
150 feet 14” best Manila rope, for packing, ete. 


ll el ll ao oe CC a a a on a old 


1A good auto tow line (flexible wire) is manufactured by 
A. Leschen & Sons Rope Co., St. Louis, Mo. It is called 
“Hercules Wire Rope Towing Line,” and is 25 ft. long between 


end fittings. 


Personal Equipment 


_ When on a camping motor trip, the first thing of importance 
iscommon sense. The second is proper equipment. 


Now for the list. This is the minimum for a long trip, and, 
of course, may be added to according to the tastes and ideas 
of the individual, but more is entirely unnecessary and should 
be avoided, if possible. 


1 pair tan shoes, light-weight. Don’t wear new shoes. 
pairs light cotton lisle socks. 
pair canvas puttees, light-weight. Don’t wear leather.* 


pairs khaki riding breeches, laced below the knee. Don’t 
wear corduroy.* 


2 pairs light wool drawers. 

2 light-weight wool shirts to match above. 
2 pairs B. V. D. under suits. 
2 


U.S. Army officers’ brown shirts with patch pockets. These 
are twice as warm as $2.50 flannel shirts, and are practically 
wind-proof.* 


1 light-weight khaki coat, to wear in towns.* 


1 heavy mackinaw coat with shawl collar, for driving when it 
is cold at high altitudes, and by the camp fire.* 


1 pair light-weight gauntlets, for driving. 
1 pair old street gloves, for wear around camp. 


1 khaki hat with narrow brim. Cut 14” ventilating holes on 
each side.* 


2 blue and white bandanna handkerchiefs. Tie up snug to 
your neck, and don’t wear loose like the pictures of 
cowboys. 


pocket handkerchiefs. 
pair light-weight moccasins, for wear around camp and to 
sleep in.* 
toothbrush. 
hair comb. 
pocket knife, three blades and strong. 
pocket compass.* 
safety razor and two extra blades. 
can shaving powder. 
shaving brush. 
mirror, small. 
Ingersoll watch, with fob. 
pair yellow goggles; don’t forget these. 
pair white goggles. 
tube toothpaste. 
package bachelor buttons. é 
pair scissors, small. 
set needles and thread. 
pair manicure scissors; don’t forget these; hangnails are 
a great source of trouble on long trips. 
narrow leather belt. 
stick camphor ice; much better than any form of cold cream 
and very handy in package. Use it only at night unless 
riding in the shade of the top, as the hot sun will blister the 
lips on account of the beads of moisture acting as lenses on 
the lips after using the camphor ice. 
doz. cathartic tablets. 
package gauze. 
rolls gauze bandages, 2’” wide. 
tube vaseline, for burns, guns, etc. 
pairs 5-lb. wool double blankets. 
cotton quilt. 
tent (Trego sleeping tent). Purchase at Von Lengerke & 
Antoine, Chicago. 
1 camera. 
12 rolls film for camera. 
1 Welcome photographic exposure record. This is a red 
book bought at any photo supply store. 
1 small whisk broom, for use in tent, etc. 
1 silk sleeping cap, to pull down over the ears. 
2 coarse towels. 
2 pipes, if you are a smoker, and plenty of your favorite 
tobacco. 


* Items marked (+) may be purchased at_ Von Lengerke & 
Antoine, Chicago, or Abercrombie & Fitch Co., New York. 


What to Cook and How 


Bacon: This is the standby of all camping parties and is 
really the best meat to carry, as it keeps well and is easy to 
cook. It should be placed on bread and eaten as a sandwich; 
thus you will not miss butter. Fresh meat should be attempted 
only by the expert cook. There is a science in cooking bacon, 
and but few people seem to catch the idea. I will try to make 
it as clear as possible, 
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In the first place, do not buy the sliced bacon under any 
circumstances. Buy the bacon in the slab, as lean as possible, 
and of the very best quality. Buy one full slab at a time as 
‘you go along, and cut this into three pieces to go into one of 
the larger food bags. Now, when slicing the bacon before each 
meal, cut the slices at least 3/16” to 14” thick.. Bacon which 
is sliced thin cannot possibly be fried properly, as it will curl 
up in spite of you and burn one end while the other end is 
raw. 


Cutting the bacon: After cutting the slices down to the rind, 
cut this off by passing the knife under the slices horizontally, 
with the slab lying flat. Lay the slices in the frying pan, put- 
ting in as many as may be required. regardless of whether they 
rest on top of each other or not. Set the pan on the grate, and, 
after the grease begins to form, tilt the pan this way and that, 
so that the grease flows all through the slices. Watch it care- 
fully, and turn the slices frequently with your fork. In the 
meantime, have a plate warming on one corner of the grate, and 
as the slices become fairly brown on both sides, pick them out 
with the fork and pile them up as closely as possible on this 
plate. As soon as all are done, cover the plate with another, 
and set where it will be kept warm. This will keep the slices 
moist with the heat and grease left in them, and they will not 
become brittle and dry. The remaining grease in the pan can 
now be poured into one of the cups for future use, or for that 
meal, for frying eggs, etc. Eggs fried with bacon grease have 
a fine flavor. _ 


It is astonishing how few cooks know how to cook rice so 
that the grains will be soft, and yet stand apart and separate. 
Boiled rice is a great dish for camp, if properly cooked, but is 
miserable stuff if cooked into a thick paste. 


Take next to the Jargest pot and fill it about three-quarters 
full of cold water, and add about one half-teaspoon of salt; 
then put in three-quarters of a cup of rice and put on the lid, 

lacing the pot over the fire on the grate where it will get a good 
Feat to boil. The rice should boil for about 30 minutes, and, 
if desired, it may be tested by gathering a little in the spoon 
and chewing it, to see that the grains are soft. Stir frequently, 
and scrape the bottom of the pot with the spoon. 


After the rice is done, take the pot to one side of the camp 
and pour off all the water you can by holding the lid in place 
and turning the pot almost upside-down. Now set it to one 
side with the lid on until needed, and the rice will steam so that 
the grains willstand apart. You will find this a delicious dish, 
which should be served with evaporated milk and: sugar, or 
with a sauce of fruit juice. Cook a fresh lot for each time 
served, and do not try to save it for the next meal. If you 
have too much rice for the quantity of water, it will produce a 
mixture like glue, and is poor stuff to eat. 


Fifteen-minute bread: Most campers will shy at making 
bread, but really it is very simple and is made in about 15 
minutes. The patent baker is a marvel, and will brown the 
loaf equally on top and bottom, no matter how the wind blows. 
A special kind of fire is required to bake bread, so do not attempt 
it at the regular cooking fire. i 


To build the correct fire, drive two stakes in the ground 
about 2 inches apart, and 2 feet from there drive in two more 
likewise. Between the vertical stakes, lay a wall of sticks about 
1” to 144” thick, preferably green sticks, and against this wall 
set a lot of fire stuff which will burn rapidly and make a high 
flame with little smoke. You must have a high flame. This 
Eee kept going brightly until the bread is done. (See 

‘ig. 4. 


Test the bread by piercing the loaf with a sliver of wood. 
If no dough sticks to the sliver, then the bread isdone. Of 
course, it should be fairly brown on top before testing. Leave 
the pan in the baker and remove from the fire, setting to one 
side where it will receive a little heat from the regular fire to 
Heeb erm. The aluminum baker will retain the heat for quite 
a while, 


Carry whole wheat flour only, and in the lar er food ba 
Of this take one and one-half cups and put it oie the meee 
pan for mixing. Add to this one and one-half heaping tea- 
spoonfuls of baking powder, one level teaspoon of salt, three 
teaspoons of sugar, and one and one-half cups of water. Stir 
gently until thoroughly mixed, but do not beat. Warm the 
baking pan, and then grease it all over the bottom and around 
the sides and corners with a strip of bacon rind. Then pour 
in the batter you have made, and place the pan in the patent 
baker: Set this before the baking fire quite close, say one to 
two feet. It will begin to rise immediately, and will bake 
into a loaf about one to one-half inches thick, which will be just 
right for four hungry people. This bread is great, and will 
stick to your ribs on the long hike. It is so much better than 
baker’s bread, and very little trouble after you once get the 
hang of it. 


Dessert Ala tour: You will find that stewed fruit is fa 
of the canned goods, and much better food. In the erie 
you will notice that peaches, prunes, and apricots are specified 
dried. These will all be mixed together and used that way. 
The flavor is much better than when used separately. d 


"i 1 See Figs. 3 and 4 for building a “cooking fire” and “camp 
re. 
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Fill your 2-quart milk can about one-third full of this dried 
fruit, and then fill up with cold water, adding three tablespoons 
of sugar the day before you start, and then at the first night 
stop, place the can on the grate over the fire and allow to sim- 
mer, first loosening up the lid to let the steam escape. After 
serving the fruit, you can put in more fruit, add more water 
and sugar, and carry it with you to the next stop, repeating the 
simmering process. In this manner the mixture will become 
quite syrupy and of fine flavor. About every three days empty 
the can and wash out with hot water, beginning over again 
as you did in the first place. 


The breakfast drink: Use 3 teaspoons of ground coffee to 
one cup of cold water in the coffee pot. Set on the fire until it 
comes to a boil; then pour one half-cup of cold water over the 
top, going round and round, and a little down the spout. Set 
the pot aside until served, and then pour carefully and slowly, 
and the coffee will be clear. No egg or anything of that sort is 
needed to make clear coffee. If the coffee food bagis tied 
tightly, it will keep in the ground state all right, so do not 
carry it in the can in which it is sold. 


Tea: If tea is used immediately, pour boiling water over the 
tea leaves and let stand for a few moments only. If it stands 
very long with the leaves in the pot, it will make a mixture 
which will absolutely tan the lining of your stomach. If the 
tea is to be kept for any length of time, put the tea leaves in a 
piece of cheesecloth, and tie with a bit of string, fishing this out 
of the pot after the tea has soaked for a moment in the boiling 
water. Shake out the cloth and put away for the next time. 
If the cloth is used, you can save the tea for a long time, and 
serve cold, if desired. This is often handy for the late hunter 
in camp, if side hunting trips are made away from the car. 


The army ration: Erbswurst (pea sausage in English), 
powdered pea meal, and bacon. This is a very palatable and 
nourishing food, and is used extensively as the perfect army 
food by the nations of Europe. It is sold in round packages 
about 1” in diameter and 4” long. Each package is marked 
in six divisions, one of which is to be used for each cup of 
water. Boil for 20 minutes. It is already seasoned. 


Pancakes are very nice for a change, and should be served 
with maple syrup, as one craves sweets when living out of doors. 
Buy the syrup in small cans. For the cakes, buy self-rising 
buckwheat flour and mix with cold water, with possibly an 
egg added for richness, until the batter is quite thin and will 
run readily from the spoon. Rub the frying pan with grass or 
a rag thoroughly, to smooth its surface; then grease with a 
strip of bacon rind and pour in a large spoonful of batter at a 
time, while the pan is piping hot. The pan will hold three 
cakes of this size at a time. Cut them apart with the pancake 
turner as soon as you can, and loosen them from the frying pan 
by slipping the turner under the cake without lifting it. As 
soon as you can handle them on the turner, flop them over to 
brown on the other side. If the batter is not thin enough, the 
cakes will be tough and heavy. 


Potatoes are really a necessary article of food on a long 
trip lasting several weeks, and should be served about once 
each day, if convenient. Peel the potatoes, and then boil them 
in the largest pot for about twenty minutes if you are going to 
ay them, and forty minutes if they are to be served boiled 
only. 


In high altitudes, the boiling process will require much longer, 
as the water boilsat lower temperature. ‘‘All that bubbles does 
not boil’ in the high mountains. 


To fry the potatoes, first boil them as directed above, and 
then cut into slices about 14” thick. Pour about 1/16” of the 
bacon grease into the frying pan, covering it evenly. Heat 
this on the fire until it sizzles and put in the potatoes. Take a 
knife and immediately chop the potatoes into small pieces and 
pes on the cover. Stir and turn over frequently with the 

nife and test them for softness with its point. When nice 
and soft they are ready to serve, and the bacon grease will give 
them the desired browning. The bacon grease has a much 
better flavor than lard, 


Canned goods: These are good fora chan 
: r ge, where they can 
be conveniently carried, but are not at all necessary, ne 


on¢ ( Do not for- 
get to stir it to keep the mixture from sticking to the pabion: 


milk ean with good water in the’towns, and then drink 
instead of taking a chance on water found by the Toads 
Animals can drink alkali water without harm, whereas it would 


This 5-gallon supply of water will be used f IL : 
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radiator w. i i 

eee en you fill the gasoline tank, and you will 
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Fig. 3. Explains the method of making a cooking fire as 
described. Note theiron rods (B) and iron frame with crossrods. 


Fig. 4. Explains the method for building a baking fire, 
which must be high. Note that the sticks (A) are of green 
material, whereas the burning material is dry. (C) is the 
patented baker, made of aluminum. 


Cooking fire: This fire is to be built under the grate the four 
legs of which have been driven into the ground until the grate 
isabout 8” high. Build this fire of small sticks, from the size of 
your finger to 1” diameter, no larger. Have this fire at some 
distance from the cars and from the main camp fire, and on the 
lee side of both. Thesticks should not be over 14” long. The 
smaller the fire, the easier to keep the heat down,so that the 
cook is not roasted as well as the food. “ You may build the fire 
the full length of the grate if you wish, but keep it down. Do 
not attempt to cook at the camp fire, for the smoke and heat 
will make it a martyr’s job. Fig. 3 shows the proper method. 


_ A baking fire: Build this away from the other two, as shown 
in Fig 4. b 


Camp fire: Do not build this near the cars, and be sure to 
have it on the lee side of them on account of possible sparks. 
Build a moderate-sized fire only, so+hat you can gather closely 
around it and converse easily. ‘‘Injun build little fire and sit 
up close—white man build big fire and sit away off.’’ Build 
yours the Indian style. Be sure to put out all fires with your 
shovel before breaking camp. The western forestry laws are 
very strict about this. 


Packing: Packing the outfit on the car is quite important, 
and it should be standardized at the start, and then everything 
always should go back in the same place. Much time may be 
saved if this is carried out, as each member of the party becomes 
familiar with the location of each item, and the car will be 
loaded in an astonishingly short time. 

Method of stowing is as follows: 

Cooking grate—under floor mat in tonneau. 
Large water can—right running board forward. 
Extra tires not on rims—left running board forward. 


2 tent beds—on end, each side of back of front seat. 
robe rail. 


Cooking utensils—between these beds in tonneau. 

1 tent bed—tright running board; strapped on. 

1 tent bed—left running board; strapped on. 
Shovel—left running board behind tires. 

Axe—tonneau floor; just back of beds. 

Food bag—tonneau floor; passengers can rest feet on it. 
Patent baker—hanging where it will not be crushed. 


Tie to 


The cooking utensils all go into a canvas bag which is sold 
with them, and the outfit is very compact. 


Food List 


2 slabs best bacon—lean. 

5 lbs. whole wheat flour. 

5 lbs. sugar. 

1 Ib. salt. 

2 lbs. best baking powder. 

2 cans maple syrup, small cans 
i1 can pepper, small. 

8 lbs. ground coffee. 

12 cans evaporated milk, unsweetened. 
1 roll surgeon’s plaster 1’ wide—for sealing cans, etc. 
5 lbs. dried fruit—apricots, peaches, prunes, in equal portions. 
1 lb. tea. 

1 can cocoa, 
1 Ib. self-rising buckwheat flour. 
3 lbs. rice. 
2 cans tomatoes. 
2 cans corn. 
2 boxes graham crackers. 
4 quarts potatoes. 
12 packages Erbswurst. 
aie doz. eggs in patent carriers. 
2 boxes bouillon cubes. 


Some of the Concerns Who Make Camping 
Equipments 


Marshall Field Co., Chicago, camping refrigerators, lunch 
equipment, tents and complete camping outfits. 


Cozy Camp and Auto Trailer Co., Indianapolis, Ind. 
Auto-Kamp Equipment Co., Saginaw, Mich. 

Ideal Mfg. Co., North Kansas City, Mo., folding shovel. 
Peoria Auto Kot Co., Peoria, Ill. 


_ Boyle Mfg. Co., 5101 Santa Fe Ave., Los Angeles, Cal., camp 


grates, canteens, ete., for touring. 


Touring Tents, etc. 


Fig. 7 Fig. 6 

_ Fig. 6. Pictures a new idea of camping. A trailer (Fig. 6) 
is carried with you, and it is claimed that it will travel 50 miles 
an hour along with the car. The tent and all parts are placed 
into this trailer. 


Fig. 7. Shows the tent when removed from the trailer, 
and the trailer used as the floor. The tail gate of the trailer is 
utilized for a step. This outfit is made by the Auto-Kamp 
Equipment Co., Saginaw, Mich. Another good outfit is made 
by the Tentobed Co., 3300 Jackson Blvyd., Chicago, Ill. 


Fig. 8. Shows another principle. Note the compact form 
of the outfit (shown in the upper corner) when placed in a box 
on the running board and covered with canvas. 


Fig. 9. Another outfit: The tent has a floor 8 feet square, 
which is sewed in. An extension of about 2 feet on the front 
edge of the floor can be fastened over the running board of the 
car. The front wall of the tent is 7 feet high and extends over 
the top of the car, when the tent is pitched in this way, or it 
may be used as a straight front for the closed tent when the car 
is not attached, 

The illustration, Fig. 9, shows the arrangement of the tent 
in relation to the motor car. The tent can be used also without 
being attached to the car. 


Two 7-foot poles prevent undue strain on the car top. The 
poles are cut with slip joints to be of proper 4-foot length to 
carry on the running board, ‘The side walls have extensions of 
about 10 inches on the front edges to fasten to convenient 
places about the car, making a tightly closed tent in case of 
storm or cold wind. One side wall has a window, and the 
other has a door. 


The rear wall is about 31% feet high, and is kept at a conven- 
ient height by its location near a fence, tree or other object to 
which ropes could be attached. 


The tent is made of khaki at a cost of $18. Folding camp 
cots are used. The use of heavy blankets on the tent floor 
during cool weather is preferred to thc cots. The tent is 
adapted to an Overland by a 6-inch flap sewed to the front wall 
to make sure of protection for the car. The size given is 
suitable for a car having a 7 or 8-ft. top. 


Fig. 10. A serviceable tent for touring. Use 8 oz. duck 


which comes in 36” widths and can be purchased at 20c. per 
yard. 


Dimensions of tent in square feet: (A) 414’ x 7/=31 Ye; 
(B) 7 x 7’=49'; (C) 3’ x 5Y4/=153%/’; (Cl) 3’ x 514’ =15 34"; 
(D) 7’ x3 14’ =2419'; (D1) 7’ x314'/=241¢’- (B) 4)! x7 =3174'; 
(A) 414’ x3! =1534’; (I) 7’ x10’=70'; (K) 414’ x44’ =204’; 
total 298 14 sq. ft. or approximately 3314 yds. at 20c. per yard, 
making $6.65, (Motor Age.) 


Note: Symbols expressive of feet (’) and inches (Os 
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Fig. 13. Route of the Lincoln Highway. 
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Fig. 11. To use your watchasa compass: Point the hour 
hand of your watch to the sun at any time of the day; then 
lay the watch flat in your hand. A point midway between the 
hour hand and 12 on the dial will be due south. 


Fig. 12. The Auto-Kot is a very serviceable and compact 
adjustable cot which can be placed on the top of the rear seat, 
and the front seat of a 5 or 7-passenger car. It can be folded 
in a very compact form and placed back of the front seats. 
(Peoria Auto-Kot Co., Peoria, II.) 
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Further information can be had from Lincoln Highway Association, Detroit. 


THE AUTOMOBILE BLUE BOOK, A TOURING GUIDE 


These books cover: the entire country in four volumes. 
They assist in planning a tour, show detailed running direc- 
tions, road conditions, points of scenic and historic interest, 
city maps, and many other details of interest to a tourist. 


Volume 1: New York and New England Automobile Blue 
Book. Complete touring data on New York State, Con- 
necticut, Massachusetts, New Hampshire, Rhode Island, 
Vermont, Maine, Quebec, Ontario, and the Maritime Prov. 
inces of Canada, with extension routes into New Jersey, 
Pennsylvania, and Ohio. 


Volume 2: Middle Atlantic and Southeastern Automobile 
Blue Book. Complete touring data on Pennsylvania, New 
Jersey, Maryland, District of Columbia, Virginia, West Virginia, 
Tennessee, North Carolina, South Carolina, Mississippi, 
Alabama, Georgia, Florida, and Bastern Louisiana, with 


extension routes into New York, Ohio, Kentucky, and from 
Tennessee to Detroit and Chicago. 


Volume 3: Middle Western Automobile Blue Book. Com- 
plete touring data on Michigan, Ohio, Kentucky, Indiana, 
Illinois, Missouri, Wisconsin, and Minnesota, with extension 
routes into New York State, Pennsylvania, West Virginia, and 
the West, including Port Arthur and Winnipeg. 


Volume 4: Western and Transcontinental Automobile Blue 
Book. Complete touring data on Western United States and 
Canada, and including main trunk lines to the Atlantic Coast 
for long-distance and transcontinental travel. 


The price of each volume is $3.00. The address of the 
publishers is: Automobile Blue Books, Inc., 1056 W. Van 
Buren S8t., Chicago, Ill. 
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THE AUTOMOBILE REPAIRMAN: Pointers for the Beginners; Starting in 
the Repair Business; Light Tool Equipment for the Auto Mechanician 


POINTERS FOR THE BEGINNER 


The auto repairman must know how to adjust any 
part of the car. To know how to adjust, he must 
first know the principles underlying the construction 
of the parts, as explained in previous Instructions, 
and must: know when and where to look for trouble. 
(See Index under “Digest of Troubles.’’) 


About one-half of the work of the automobile 
repairman is in making adjustments and fitting 
pee such as carburetor adjustments, cleaning car- 

on, grinding valves, fitting horns, muffler cut-outs, 
diagnosing troubles, and numerous other little 
details, which do not require a machine shop, but do 
require a good assortment of tools, and a knowledge 
of the principles involved in the construction of a 
car. 


A machine shop is not necessary, unless there 
is sufficient work to keep more than one machinist 
busy. A great number of small repair shops put 
in only the tools needed for the average repair work, 
and when they have a job of machine work to do, 
they take it to a machine shop. In other words, a 
machinist and an auto repairman follow two differ- 
ent trades. The auto repairman need not be a 
machinist; by machinist I mean one who can turn 
all kinds of metal parts on a lathe and do actual 
machine work. 


System and Order 


When beginning work on a car or engine, remem- 
ber that system and order are two things every 
repairman ought to learn early. They mean suc- 
cess. 


Place them 


Don’t throw nuts or bolts on the floor. 
in a box or pan. 


Fig. 1. 


There is nothing more disgusting to a man who 
owns a car, than to walk into a repair shop and find 
a careless workman dumping nuts, bolts, etc., here 
and there on the floor. That customer will say to 
himself: “If that workman is as careless as that, he 
is careless enough to leave a nut in my crank case 
and ruin my engine when it is started up, or he will 
leave off lock nuts or lock washers and cause me 
expense and damage.” 

A little piece of metal, such as a piece of a cotter pin or the 
like, accidentally dropped into a can of grease or oil and sub- 
sequently put into the gear case of a motor car has been known 


to cause much damage, and to cause the driver or owner of 
the car considerable trouble and expense. 


A Careful Workman the One in Demand 


If you do your work thoroughly and carefully 
and always do a little more than you agree to do, 
you will be sure to make a success. 


It’s the careful man the auto owner wants to 
handle his car, not the fellow he can’t depend upon. 
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Fig. 2 Fig. 3 
Fig. 2. Keep your tools in a box or kit, not on the floor. 
Fig. 8. Before turning a car over to the customer, be sure 


that all nuts have lock washers and are tight. 


I will give you an example of a careless young man 
who lost his job. An auto owner had a young man 
overhauling his car; he told him to fill all the grease 
cups, and to be sure to see if the valve under the 
gasoline tank was tight; he had an idea it was leak- 
ing. He went away, and when he came back that 
afternoon he asked the young man if he had attended 
to the different things he told him to do. He said 
yes. Next day the auto owner was out on a country 
road and ran out of gasoline. He found that the 
young man had not examined the valve carefully, 
and the leak had exhausted the tank—the valve was 
in a difficult place to get at under the car, so he 
simply took it for granted that it was all right and 
let it go at that. So you see a careless man is worse 
than none at all—it’s the dependable fellow who 
will win. 


CORRECT \NCORRECT 
WAY TO TURN WAY 
WRENCH 


Fig. 4. Monkey-wrench etiquette. When using a monke 
wrench or a Stillson wrench, use it as shown above. Most all 
nuts and bolts turn to the right to tighten and to the left to 
loosen. The proper method of using a wrench for the desired 
turn is shown above, 


Don’t Overcharge 


We want to warn you that in the matter of charges, it pays to 
be liberal. Automobile repairmen, like plumbers, generally 
have a reputation for exorbitant charges. Make it a rule to do 
a little more than you agree to. It is well to comment on your 
work, in talking with the auto owner, like this: “I noticed that 
some of the nuts were loose around the springs, so I went over 
all the nuts on the running gear and found that many needed 
attention, You want to watch those little things, and then 
you won’t need me so often.” The owner may not say any- 
thing out loud, but he will certainly comment to himself, 
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“There’s a good repairman,” and that is the most profitable 
reputation you can establish, 


You are building a business for the future when you do your 
work right, and treat your customers fairly. 


Don’ts for the Repairman 


1. Don’t lay wrenches, hammers, chisels, etc., on the fenders 
or on the seat cushions. Cover the fenders, and remove 
the cushions during the work. 


2. Don’t spill oil, or smear grease over the finish or upholstery. 


8. Don’t try to squeeze one car past another in the shop, even 
though the fenders will spring enough to let the car pass. 


4. Don’t pound the end of a shaft with a bare hammer. Use 
a babbitt hammer, or deaden the blow with a piece of brass 
or wood. 


5. Don’t push a car around the shop with greasy hands on 
the varnished surfaces. Wither wipe your hands, or place 
a piece of dry waste between your hands and the car. 


6. Don’t leave a car standing in a pool of grease. 
7. Don’t use an 18” Stillson on a 34” nut. 


8. Don’t sit on the cushions with your greasy overalls. Spread 
a newspaper over them first, and don’t put your greasy 
hands on doors, body, hood, ete. 


9. Don’t use the customer’s gasoline just because its handier 
than to get some from the storeroom. 


Starting in the Auto Repair Business 


We will classify the automobile repair work into 
two classes: first, will be the automobile repairman 
who works in a shop under a foreman. His work is 
laid out for him and he is advised just what to do. 


The second, is the automobile mechanician whom 
we will class as an expert; he will generally be found 
in the position of a foreman, or operating his own 
shop. We also find him doing work at the homes of 
automobile owners. 


For the sake of classification and names to dis- 
tinguish this latter class of work, suppose we call 
the “auto mechanician”’ the one who makes a 
specialty of doing work at the home of automobile 
owners, in the auto owner’s private garage. 


The Auto Mechanician—How to Start 


Many men have found this work profitable and it 
has been the stepping-stone for a future. This 
worl: also applies to marine engine and stationary 
gasoline engine work. 


In order to engage successfully in this work, it is 
necessary for the mechanician to provide himself 
with the necessary tools to do the average work 
around a car. 


It is probably safe to say that nine cars out of ten 
need greasing; that is, the gears, the differential, 
the wheels, and the universal joints. This job is 
one that does not appeal to the auto owner, and the 
chances are that he is not prepared to grease his car 
if he wanted to. It is easy enough to put grease in 
the compression cups and screw them down, but 
to grease the rear axle parts and universal joints 
is a different job unless one is supplied with the 
proper tool. 
send grease gun, as shown in Fig. 9, can do the 
Job quickly and easily. 


Then there are the valves to erind, carbon to clean 
out, lost motion in the valves to take up, compres- 
sion to test—in fact, a general engine overhaul or a 
general car overhaul would constitute the work that 
the auto mechanician could do on these special jobs. 


Very likely when the auto mechanician goes to 
an auto owner’s garage to do repair work he will be 
provided with most material, such as oil, grease, 


The auto repairman with the Town- 


waste, etc., but it is advisable to suggest a good oil 
and to request that the car be supplied with it, pro- 
viding the oil in use causes a great deal of carbon. 
In other words, it will be necessary for the mechan- 
ician to be able to diagnose all troubles and suggest 
their remedy, as well as to make adjustment and 
overhaul the car. 


The Auto Mechanician’s Outfit 


This is shown in Fig. 5, and is a suitable equip- 
ment for general work around a car, testing, ete. 


The average workman carries more tools than are 
necessary to the job, and often finds that even then 
he does not have the right one. A careful study of 
the cars handled usually shows that twelve of the 
common tools will serve to do the ordinary job. It 
has been found that the following tools are most es- 
sential, and are adequate for most jobs: 4 open-end 
wrenches, Nos. 34, 25, 29, 734; 1 monkey wrench; 
1 main-bearing wrench; 1 connecting-rod wrench; 
1 screwdriver; 1 pair pliers; 1 valve cap wrench. 


Repairman’s Tool Kit 


A well-assorted tool kit is shown in Fig.5 Other 
tools and suggestions are illustrated below. 


Fig. 5 


67¢” drop-forged hardened 
wrench. 


9” auto monkey wrench. 
10” Stillson wrench. 


576” deopsorged hardened 8-oz. machinists’ hammer 
wrench, : - 
3gr kod 
4h” drop foreed hardened ea DEA XUEAGGOr, 
wrench, ; 
3g 
4” drop-forged hardened ee Spee puns 
wrench, 14” cold chisel. 


Box solder paste. 

Box cotter pins. 

6” offset screwdriver, 
Spark-plug brush. 

34 cold chisel. 

Bundle wire solder, 

Bundle No, 15 copper wire. 
Bundle No. 20 copper wire. 
5” bicycle wrench, nickeled, 
14’ cape chisel. 

6” side-cutting pliers. 34’ solid punch, 3/32” point. 
6” adjustable combination 34” solid punch, 3/16” point. 
pliers, nickeled. 3¢’’ solid punch, 14’” point. 
Machinists’ bearing scraper. 3” electricians’ screwdriver, 


The Vichek Tool Co., Cleveland, Ohio, manufactures a 
complete line of tool kits. 


416” warding file with handle. 
8” square file with handle. 
8” flat file with handle. 

7” round file with handle. 


5” square shank screwdriver, 
polished. 


Machinists’ all-steel heavy 
screwdriver. 


44-pound soldering iron with 
andle. 


A Trouble-Man’s Repair Kit 


The set shown in Figs. 6 and 7 is not designed for 
shop use, but for outside trouble calls. A leather- 
bound 44 or \-size suitcase (A) is fitted with four 
wooden trays made of 3/16” hard maple. The 
thickness of the top piece (B) depends upon the 
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Fig. 


size of the tools. Outlines are drawn on the wood 
with pencil and the wood is cut entirely away to 
permit tools to lie flush. The bottom piece (B1) is 
then glued on and fastened by wire brads. Buttons 
holding tools in place are made of sheet brass. Gen- 
eral arrangement: hammers strapped in cover (C); 
wrenches in top tray (D); screwdrivers and punches 
in tray (E); bearing scrapers, oit stone, Prussian 
blue, tray (F); chisels, files, pliers, tray (G). 
(Motor World.) 


Miscellaneous Light Tool Equipment 


Such tools and devices as socket wrenches, large 
monkey wrench, a grease gun, oil guns, carbon 
scrapers, etc., are necessary. Electric testing 
instruments are shown elsewhere. The Weston 
instrument is shown below. See Instruction 63 
for list of small tools for the repair shop. 


[F peel treet 


Fig. 8. Walden socket wrenches come in sets for various 
cars and are accurately made to fit the nuts on each car. 


Fig. 9. A good grease gun is very essential. The Townsend 
grease gun can be obtained of the Townsend Co., Orange, N.J. 
An oil gun for general use is necessary. Carbon scrapers are 
shown at the right. 


TOWNSEND GREASE 
GUN 
H FILLING 


OL GUN 


CARBON SCRAPERS 
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A flat type of blow 


pipe torch is handy L 
to carry about, 4S 


Cotter pins 
Miscellaneous tools and accessories are always 


Fig. 10. 
needed. 


H—Hydrometer; L—electric 


test light; W—valve grinder. 
This one is made by the Mar- 
vel Accessories Oo,, Cleveland, 
Ohig. J—jack. 


A long 18 or 
21 inch monkey 
wrench 


Fig. 11. A hydrometer for testing storage batteries; a 
trouble light and a good jack are essential as is also a large 
18 or 21-inch monkey wrench for removing hub caps, ete. See 
Index under “‘Magnet light” for an ideal trouble light. 


* 300-ampore 


~ 


30 ampere 


Fig. 12. An electric testing instrument is very necessary as 
8 per cent of troubles are electrical. The instrument shown 
is the Weston model ‘‘280.’’ Micrometers and a thickness 
gauge are also required. 


A CAR OVERHAUL AT HOME GARAGES 


The following enumerated list gives a detail of 
procedure in giving a car a general overhauling. 
Where the automobile owner keeps his car at home 
and cares for it himself, nine chances out of ten his 
car and engine need cleaning or greasing, the valves 
ground, or carbon removed. All of the work men- 
tioned below can be done in the auto owner’s private 
garage. This work then would require but a few 
well-selected tools, and the auto owner is likely to 
have most of them. Supplies such as oil, waste, 
etc., would be furnished by the auto owner, ‘This 


class of work is well suited for the beginner or aute 
mechanician. 


Cleaning the Engine 
Clean the engine outside with gasoline. 
Clean the engine inside. 
Clean the drip pan. 
. Clean and pack the pumps. 
Clean and adjust the spark plugs. 
. Clean the gasoline strainer. 
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Lubricating the Engine 


. Put fresh oil into the engine after cleaning. 


8. Oil other parts of the engine, such as magneto, 


. Inspect all bolts and nuts, and tighten. 


- Inspect the differential; 


. Examine the brakes. 


starter, generator, fan, etc. 


. Serew down on all grease cups, and refill. 


Cleaning the Car 


. Wash the car (see Index under ‘‘Care of a car’). 


Polish the body with body polish. 


. Clean the clutch. 
. Clean the transmission and underneath the car. 
. Clean the steering device. 


Lubricating the Car 


. Screw down all grease cups, and refill. 
. Grease the clutch shaft. 

. Grease the universal joints. 

. Fill the transmission with lubricants. 
. Fill the differential housing. 

. Grease the steering device. 


Grease the front wheels. 


. Lubricate the springs. 


Inspection and Adjustment 


This 
will require a day’s time, if properly attended to. 


. Inspect the gasoline line, and tighten all joints. 
. Inspect the balls of the front wheels when greas- 


ing to see if there are any broken balls. Jack 
the wheel, and listen for a clicking sound. 


. Inspect and tighten all loose water connections. 
. Inspect the tires and see if they are properly 


inflated. 


. Inspect the steering device and connections, and 


tighten and grease. 


. Inspect the springs and fenders and nuts, and 


tighten, and remove squeaks, 


Inspect the rear wheels; see if loose; if so, draw 
up on the nut. 


if noisy, take up lost 
motion. 


If loose, adjust them, and 
also tighten spring bolts, nuts, and spring clips. 
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Inspection of Engine and Parts 


Inspect the water hose on the engine, and replace 
with new hose if required. 


34. Inspect the gaskets on the engine, and draw up 


35. 


36. 
37. 


38. 


39. 


40. 
41. 
42. 


43. 


44. 


45, 
46. 


47. 


48. 
49, 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 


Note. These subjects, as well as how to make adjustments 
and rer- : 


on the cylinder head. 


Inspect the bolts and nuts holding the cylinder 
to the crank case, and tighten. 


Inspect all nuts, and tighten on the crank case. 


Inspect the generator adjustment, and draw up 
nuts. 

Inspect the nuts holding the exhaust and inlet 
manifold, and tighten. 


Inspect for air leaks at the carburetor, mani- 
folds, and spark plugs. If there is a leak, the 
engine will not idle properly. 

Inspect all nuts and cotter pins, and tighten. 
See that lock washers are under all nuts. 


Inspect the muffler and clean if necessary, and 
tighten up. 


Inspect the timer or magneto, and see if con- 
nections thereto are tight. 


Inspect horn, magneto, switch, generator, 
starter and battery, and coil connections. See 
if there are any loose binding posts or connec- 
tions. Don’t forget to tighten all ground con- 
nections. 


Inspect the battery. 
tight. 

Inspect and test the storage battery with a 
hydrometer. 


See if all terminals are 


Inspect the starting motor and generator to see 
if there are loose connections. 


Engine Adjusting 
Test. the compression. 
Clean carbon from the cylinders. 
Grind valves. 
Adjust valve clearance. 
Test for weak exhaust springs. 
Test the engine for knocks. 
Take up on any loose bearings. 
Fit piston rings, if necessary. 
Check up the valve timing, 
Clean and adjust the spark plug gaps. 


are fully treated farther on. 
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THE GARAGE: Building and Equipping 


Many, after starting in a small way, soon earn 
enough to start up a shop of their own. We will 
now lay out a procedure for starting a shop or garage. 


A garage is a place where cars are stored and cared 
for. Most garages also have shops in connection. 


If only a shop for repairing automobiles is planned, 
then figure on enough room to take care of at least 
four or five cars while working on them. 


A repair shop without the garage is profitable, 
and can be started for much less capital. If the 
repairman is Just starting out and his capital is 
limited, the best plan is, of course, to start in a small 
way. 


The question to decide is whether you intend to 
do strictly repair work, or to store cars and repair, 
and also whether you will conduct an agency for 
some car, and carry supplies. 


Garage 


A garage is termed a place for storing cars, but is 
subdivided into departments: storing, salesroom, 
auto-supply department, and repair shop. 


The garage equipment consists of suitable space 
for the number of cars you intend to store, bearing 
in mind that the space devoted thereto should be 
utilized to the best advantage. For instance, cars 
which are used frequently and regularly should 


occupy that space where exit is easy, usually nearest 
the exit. The wash rack should be in a convenient 
location, and the garage supplies, such as oil and 
gasoline, should be where convenient, yet not inter- 
fere with the space occupied by the cars. 


The salesroom, office, and stockroom should all 
be carefully planned. The stockroom quite often 
is utilized for small tools and accessories, but it is 
better to display the accessories in some sort of 
showcase or shelves in a space in the salesroom. 


Repair Shop 


The repair shop can be subdivided into depart- 
ments as follows: machine shop, tire repair, welding 
room, electrical apparatus and testing department. 
The testing department should be a space allotted 
for the purpose of diagnosing the troubles, before 
actual work is begun. See also page 691. 


The electrical repairs constitute recharging bat- 
teries, work on the electrical apparatus, etc. 


By maintaining a system of departments in this 
manner, the parts belonging thereto are easily 
located, work is turned out quicker, and a higher 
degree of efficiency is maintained. 


_ An extensive line of repair work can be carried on 
in even a small garage, and the sale of extras and 
sundries will add materially to the income. 


LAYOUT FOR A GARAGE AND FOR SHOP BUILDINGS 


Successful garage operation is largely a question 
of systematic economy. ‘This holds true for smaller 
garages even more than large ones, and therefore 
such an establishment requires great care in its lay- 
out, construction, and subsequent operation. The 
more thought that is concentrated upon the system 
to be followed, once the building and equipment are 
ready for starting business, the fewer mistakes will 
be made and the greater will be the profit derived 
from the undertaking. 


A Nine-Car Garage and Shop 


The type of a small country garage, as described 
in Fig. 1, is designed for the storage and general care 
of nine automobiles. Besides the space necessary 
for garage work, the building contains a well- 
equipped repair shop and an office, which also serves 
as a reception room. 


In the repair shop a limited supply of parts and 
supplies is kept, the latter being provided for the 
accommodation of the garage patrons. The supply 
stock consists of the most important accessories, 
tires, tubes, and ignition sundries, etc. 

This garage is designed with a view to economy. It is a one- 
story brick building, 60 by 40 feet, with the longer side toward 
the street; the interior height is 14 feet from floor to roof, and 
the latter is carried on trusses 40 ft. long and spaced 8 ft. apart. 


A skylight (L) 10 feet wide and 50 feet long with windows 
illuminates the garage during daytime. 


Near the middle of the street side (1), 15 feet from one end, 
is located the main door, which is 10 feet wide. Entering 
through this door a row of four automobiles is arranged at the 
right, while at the left is the entrance to the garage office. 
Adjacent to the office door a board 3 by 3 feet is hung on the 
wall, on which checking forms, which constitute a part of the 


garage system, are kept. 


Fig. 1. Floor plan of the garage, showing location of depart- 
ments, skylight, and arrangement of tools and lamps. 


The office is 10 feet wide and 15 feet deep, and besides the 
entrance mentioned, has one door leading into the repair shop 
and another into the garage proper, which has a floor space of 
1,275 square feet. 


The space filled by automobiles is shown by shading, and 
there is enough room to accommodate nine cars of 124 inches 
wheel base and standard tread. The space between the dotted 
portions illustrate the passageway for automobiles driving to 
or from their ed: positions in the garage. From the 
garage proper a 10-foot door leads into the back yard, and 
pdiacony to this door the wash rack and charging outfit are 
ocated. 


The wash rack is formed by a Feopanele deepening toward its 
center (K), whence a pipe for the flushing water leads to the 
sewer, or other drainage system. The water is supplied either 
through the medium of the ready-made car washer, or through 
one which can be readily made from 34” standard pipe, a 
stuffing box, four elbows, and about 12 feet of 34” water hose, 
at a cost of less than $8.00. The method of assembling the 
parts is shown elsewhere (see Index under ‘‘Wash racks’’). 
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The repair shop in this small 9-car capacity garage is but 
24 feet long and 15 feet deep, and, besides the door connecting 
it with the office, has a sliding door between it and the garage 
proper. This door is sufficiently wide to permit of an auto- 
mobile being passed through it into the shop, which also con- 
tains a small stock of raw material and repair parts stored in 
shelves (S1) and (S2), and a tool shelf (T). (Motor Age.) 


A Fifteen-Car Garage 


An arrangement and equipment of a garage and repair shop 
suitable for a town of 3,000 population with good transient and 
country trade is shown in Fig. 2. The size of the building is 
50 by 120 feet, one-story brick or cement block, with the 
repair shop 40 by 50 feet at the rear. 
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Fig. 2 shows a garage which would suit the requirements 
stated, beside being convenient and cheaply maintained. It 
allows of cars entering at one side and leaving at the other, 
thus avoiding any congestion in getting in and out. Gasoline 
and oil are handy to the street, beside being under the direct 
scrutiny of the office. 


A small gasoline-electric generator-set with a suitable switch- 
board 1s suggested for electric charging and running the lathe 
and drill-press, in case the local service is not direct current. 
Sky or other kinds of roof lights are a necessity if the garage 
1s on an inside lot, and are desirable in any Case to make things 
cheerful and airy and attractive to transients who use it. 


eae nace fo ellow, gut elorage of cars: 7 feet is the usual 
width. é length varies from 13 to 18 feet, di 
length of cars stored, (Motor Age.) hae ape 


Another Fifteen-Car Garage 


A one-story building for a garage, salesroom, acces 
BiOre and Bhop: The pian is a rnae Rigs. Zand 4. The sis 
oO e lot is x eet. e building i 
another story can be added. Set etait Se ytias 
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Fig. 3. Plan view. The cars in front, near the shop doors, 
should be the ones which are away from the garage the most. 


The entrance to the garage is exposed so that light can be 
obtained from two sides into the showroom. Thus the building 
has practically all the advantages of being on a corner. 


There is a small accessory store divided off from the show- 
room by showcases and an arch, a stockroom, private and 
general offices, rooms for men and women, garage space for 
fifteen cars, wash rack, and a shop big enough for five or more 
cars, and equipped with vulcanizing, welding, and electrical 
rooms. (Motor World, by Harold F. Blanchard.) 


_Fig. 4. Front view. Note that the driveway to the garage 
gives the showroom a corner appearance, and light. 


A Twenty-Eight-Car Garage 


A one-story corner building with alternative plans for garage, 
salesroom, accessory store, offices, toilets, garage and shop is 
shown in Fiys. 5 and 6. Size of the plot is 66 x 112 feet. 


There are two designs: Fig. 6 is probably the preferable one, 
considering all the conditions, but Fig. 5 is the one to use in 
case a front entrance to the garage is considered essential, 


Fig. 5 


Fig. 5. Complete establishment located 
with a front entrance. a 


Fig. 6. Complete establishment, with no front entrance. 


The objection to the front entrance is that it r i 
frontage so that the display space for the phowneoen eee 
sory store is rather small; but with the entrance on the side 
full advantage of the front may be taken, d inasmuch as it 
may be eonsidered as valuable advertising space, it is essential 
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to use all of it for display purposes. 


more than offsets the disadvantage of having the entrance to 
the garage on the side street. Even if the garage trade is the 
most important part of your business, and evidently it is not, 
the side entrance is not very objectionable, provided there is a 
large sign at the front stating that the garage entrance is on 
the side street. 


Fig. 5 has capacity for only five cars in the repair shop. 
Entrance to the garage is from both streets, but when the 
demand for space is strong, the last cars in at night may be 
placed in the side entrance-way. 


Fig. 6, which has no front entrance for cars, not only is a 
more attractive building to look at, but also the layout of 
garage and repair shop is more convenient. 


As far as storage capacity is concerned, there is little to 
choose, Fig. 5 having room for twenty-eight cars, including five 
in the shop, and Fig. 6 having space for one less, including nine 
in the shop. The shop in Fig. 5 may readily be enlarged if 
desired, by lengthening it. (Motor World.) 


Steam Heating a Garage 


The usual plan is to heat by steam, or hot water. The 
method of assembling the pipes or coilsis illustrated in Fig. 8. 
For garages of larger capacity there would be more coils and a 
larger boiler. 


As an example we will give the dimensions for a garage 48 x 
62: It is assumed that it is heated by a steam-heating system 
working at a pressure of 5 lb. gauge, and for this an ordinary 
low-pressure steam boiler, such as is used in heating houses is: 
appropriate. (See Fig. 7 for a suggested plan.) 


TSUN. PIPE 


ALL COILS MADE OF 21N. PIPE, 
{8 FT, LONG, 1} SECTIONS HIGH 


_2 1N.PIPE 


BOILER 
SIN. PIPE 


21N.PIPE 


9 LIN-PIPE 


LIN. Pipe? s 14, IN. PIPE 2\N.PIPE™ WATER SUPPLY 
Fig. 7. Steam-heating system for garage 48 x 62. 


heating coils are made of steel pipe 2 in. in diameter. 


If you intend to place the boiler outside of the garage, you do 
not want to overlook the fact that it should be suitably housed, 
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whether the advantage of having the whole front for display | 
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so that no heat will be wasted in warming the open atmosphere. _ 
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Fig. 8. The boiler must be set so that the water line will be» 
below the level of the lowest radiator or coil, and so that the con- 
densation will drain from the coils back to the boiler by gravity. 
If this is not done, the heating system will be very inefficient, 
as you will have to heat cold water up to the steaming point, 
instead of being able to reclaim some of the heated water. It is. 
best to submit plans to a steam-heating specialist when install- 
ing a heating plant. 


Lighting the Garage 


Lighting the garage: This is a matter of providing the proper 
Bice lights located to the best advantage. The local elec- 
trician is posted on this subject. 


Artificial illumination of the garage proper is supplied by five 
100-watt Mazda lamps, equipped with 12” steel diffusers with 
white enamel finish (Fig. 9). 


yi 
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Special lighting provision is made for washing the cars; there 
are four 25-watt Mazda lamps located at the corners of the 
wash rack (N) (Fig. 1, page 665), and these lamps are held in 
Holophane D’Olier steel reflectors, directing the light to the 
lower part of the automobile being washed. 


The repair shop requires even more elaborate lighting facili- 
ties than the garage space. It is therefore equipped with five 
60-watt lamps and two 25-watt lamps, all of which are of the 
Mazda (tungsten) type. Three 60-watt bulbs (W), fitted with 
Holophane D’Olier steel reflectors (Fig. 9), and dropped from 
the ceiling to illuminate any part of the car being worked on, 
while two 25-watt lamps (W1) shown in the shaded circles 
(Fig. 1, page 665), are fitted with the same sort of reflector and 
are so located as to be useful in seeking parts stored on the 
stock shelves (S1). 


Two 60-watt lamps (U) with Holophane intensive glass 
reflectors are dropped above the lathe, planer, and drill press, 
to shed a concentrated light on the work. 


Fig. 9. 
Holophane type of D’Olier steel type; 
type, D’Olier. 


Three types of reflectors for lighting a garage: 
12” diffuser; Intense 


Building a Garage Floor 


Cement concrete is the acknowledged material 
par excellence for the garage floor. 


Wood is condemned as being short-lived and 
usually out of repair. Boards placed as close to 
the ground as is usual with garage floors rot in a 
short time. They also tend to warp both trans- 
versely and longitudinally by reason of the under 
sides being damp and the top dry; thus they pull 
loose from the under-pinning on account of the 
timber rattling and failing to hold the nails. 


Wood blocks make a good pavement, but, unless 
creosoted, are also short-lived, and the creosote is 
said to be injurious to rubber. 


~lt- TOP DRESSING 


“— CONCRETE 


<— POROUS MATERIAL FOR 
DRAINAGE - GRAVEL, 
COARSE SAND, OR CINDERS 


\— NATIVE SOUL 
Fig. 10. Detail of construction 


Before starting a concrete floor it is well to study 
the situation as regards water pipes and drains. If 
there is any filling to be done, the nature of the soil 
must be considered. 


It is not safe to lay concrete over clay that has 


been filled, as the floor will surely settle. Gravel 
will immediately settle to a solid bed, as will sand 


- if wet down sufficiently to wash it into any crevices 


that may exist under it. Clay is quite different 
from sand and gravel, though sandy clay is not quite 
as bad as gumbo or any of the more sticky clays. 


If clay must be used, it should be placed when 
as dry as possible. After it is laid, 1t should be 
soaked with water until virtually soft and incapable 
of supporting a person’s weight. When it has 
dried, it will be as dense as it can be made without 
process of time, and will have settled from 10 to 24 
per cent of its original height. 


The drainage of the floor should also be considered. 
before the work actually begins; a puddle of water 


_ on the floor after a heavy rain is never desirable 
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Sometimes it is convenient to give the whole floor 
a slight pitch in one direction—towards the side, 
front, or back. The best method, however, appears 


o 


50 ——_—_____.__.___s, 


Fig. 11. Cross-section of the floor of a 50-ft. garage. 


to involve making the center the highest point. In 
a long garage, 50 ft. by 100 ft., this high point would 
be a line 75 ft. long through the center; from this 
line the floor should fall off towards the walls at the 
rate of about one inch to 10 ft. The lowest point 
may be close to the wall, or it may be four or five 
feet from the wall, so as to come under the row of 
cars. Along this low line a tile must be laid below 
the floor with drains, protected by cast-iron grills 
entering it every 10 to 14 ft. 

If the foundation soil is such that it becomes soft 
with moisture, it should be sloped slightly toward 
the drain tile, in the same way as the floor, so that 
no water can collect under the floor. When this 
is done, the bed material of cinders, coarse sand, or 
gravel is spread and tamped thoroughly to within 
three or four inches of the finished floor. 


Strips of 2 by 4 are usually used as grounds; they 
are spaced 6 to 8 ft. apart, and are held in place by 
stakes and cross-divisions placed the same distance 
apart as the grounds, forming square blocks. When 
the fillmg is started every alternate space is filled; 
then the cross-pieces are taken out and the remaining 
spaces filled. 


The proportions of cement and gravel for the base 
of a concrete floor are as follows: 


Good quality bank gravel: 1 part cement; 5 parts bank 


gravel, 


Washed gravel or crushed stone: 1 part cement; 21 parts 
torpedo sand; 5 parts 1’ gravel. 


The proportions for the top dressing are as follows: 


1 part cement; 114 to 214 parts torpedo sand. 


Fill the forms with the base mixture to within 14” 
to 34” of the top. Tamp well and finish with the 
top dressing, smoothing and striking off with a per- 
fect straightedge. Never let the base dry out before 
the top dressing is added, or they are liable to sepa- 
rate and the top to scale off. 


After striking off, the dressing should stand an 
hour or so for the excess water to settle before trowel- 
ing is started. A wooden trowel is best for use in 
evening up; then after an hour or more the steel 
trowel may be used, if a smoother job is desired. 
Some desire the rougher surface given by the wood 
float, but there is little chance of cars skidding 
inside the garage, and the smoother surface is more 
easily kept clean. 


Sometimes, instead of the fine cement top dress- 
ing, asphaltic compositions are applied. They 
make a less harsh and less crumbly surface, but 
eventually get soft from the constant applications 
of oil. (Motor Age.) 


THE GARAGE OFFICE 


The illustration shown in Fig. 1, page 665, will 
be used as an example of a garage office, which is 
also equipped as a reception room, which contains 
a desk, table, chairs, safe, and couch. The office 
is lighted by two 40-watt Mazda lamps with 12-inch 
diffusers. The price of the office furniture and safe 
is about $100. 


Pointers on Office Work 


The system designed to take care of all the busi- 
ness of this garage is exceedingly simple. To carry 
it out, only three forms are required: a monthly 
checking sheet, a monthly supply sales sheet, and a 
repair card. In addition to these forms an ordinary 
ledger is used, in which each customer is given a 
page on which all his charges and credits are entered. 


While it is very important to operate the office in a 
systematic manner, about seven out of ten neglect 
this part of the business. 


Checking Sheet, Sales Sheet, and Repair Sheet! 


_ There are very many different methods for keep- 
ing records, books, ete., for automobile garage and 
repairwork. The Motor World of New York sup- 
plies books for this purpose. A simplified system 
of checking sheets, ete., 18 explained below. 

The checking sheet (Fig. 12) is 3 feet high by 11 inches wide, 


with nine l-nch-wide columns, allowing sufficient space for 
checking one car in and out every day of the month, Thirty- 


1144 x 15 ins., leather index, heavy duck leath 
ue oie Can be secured of A.L. yeas Granite Blignen 
ouis, Mo, 


one horizontal lines are ruled one inch apart and the dates are 
printed under the heading “Date.’? Thus one square inch of 
space is provided for car “out” and “in.” The checking times 
are entered by the day workman, who spends his time keeping 
garage and carsin shape. After the end of the month the sheet 
is filed for future reference. 


Checking Sheet Supply Sales Sheet 
April 1912 April 1912 
Car No... —_---- J 


Material Qu'n'ty 


Gasoline 


Seals 


+ Gasoline 


4 gals 


4~-30 8 Havoline } 1 gal. 
| 
Fig. 12 Fig. 13 
Bis 2) Monthly checking sheet for cars housed in garage. 
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aoe Monthly supply sales sheet kept with checking 
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Time lost 


Fig. 14. 
material requisition, and time card of workman. 


Practical repair card, combining repair order, 


For the handling of repairs the repair card (Fig. 14) is designed. 
These cards are used in series and are numbered consecutively. 
They consist of three portions with perforations between. 
The middle portion is filled out when a car is brought in to be 
repaired, the name of the owner, number of the car, and date 
of the order being written on the blank. Then follow the 
specifications of the work to be done. (The card is then attached 
to the automobile, and accompanies it to the repair shop. 


The upper portion of the card is now used as a time card, 
the name of the workman and his starting and stopping times 
being entered upon it. As the work progresses the man checks 
every item of the work, and finally enters his total working time 
on the card. If it be necessary to draw upon the repair parts 
stock or buy material from outside, the lower portion of the 
repair card is used as a requisition, upon which the needed 
material is entered. Ifit is not in stock, and has to be bought, 


Body Type...---+ssesere 
Capacity......:.02+ sree 


Engine Front Axle 
Valves (grinding, etc.) - Alignment: <istin-e-0)947 
Timing gear (adjust- 
ment) 

Rod bearings. - 

Main bearings 

Pistens and rings. 
Oiling ...--.0+--+e00+ 
Carbon (removal)....- 


Ignition 


Steering Gear 


Adjustmen' 
Bearings 
Gears 


Running Gear 


Springs « 


Fuel System 


Carbureter ..-..-,+0++ 
Line and tank .....-- 


Cooling System, 


Equipment 


Speedometer .. 
Top and curtai 


Clutch 


Adjustment ..---.+ +» 
Relining . - 


Transmission. 


Shifting mech 
Driveshaft . 
Universals ...-.+.-+ : 


Rear Axle - 


Adjustment. 
Gears .... 
Bearings . 
Radius rods . 
Torque member 


Blotor World Systems 


Overhaul Cost 


Anpraiser 


When quoting prices 


Repairman’s Check Sheet. 
on repair work, it is advisable to keep a statement of work 


Fig. 15. 


necessary, marking after each item the cost. Keep the original 
with the owner’s signature, and give a copy to him. 


an order is made out after the requisition. In every case the 
cost of the repair part is entered on the requisition, which is 
O.K.’d by the owner before an order is sent out. The repair 
work being completed, a charge covering time and materials 
of the repair is made out from the parts of the repair card and 
entered on the ledger page of the car owner. Thus when the 
OEY. bill is made out all charges against a patron come up 
at once, d 


When the repair card is no longer needed it is filed away 
under its number, the file being kept, with the ledger, in the safe 
of the office. This makes a very compact system, all parts of 
which are accessible to the owner of the garage at a minute's 
notice, thus enabling him to keep his operations on a high plane 
of efficiency. 


Extra equipment: Include here the tools left in his car; then 
there can be no dispute. Put them in the stockroom. This 
plan can be elaborated upon. (The check sheet shown [Fig. 15] 
is an example of Motor World system.) 
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LACE FOR 
HOP FORMS 


WORKMAN'S AND BLANKS 


TIME CARD 
PROMISE CARD 


Fig. 16 Fig. 17 

Fig. 16. A visible promise-recording system is shown. 
When the car reaches the repair-shop floor, the work to be done 
is noted from the instruction card, and the job is promised to 
be doneatacertaintime. This promise is recorded by means of 
a heavy-bordered card, pasted to the windshield and having 
the initial letter of the day of the promise printed at the top 
center, For example, if the car is promised for Saturday, a 
card having the letter “‘S’”’ is used; if Monday, the letter cal ireae 
The foreman can then instantly see what must be got out each 
day, and what promises are broken, and why. 


Fig. 17. Aforeman’s desk: System is essential in the repair 
shop, but because it is system it does not necessarily mean an 
elaborate equipment. An old packing box may be made into a 
foreman’s desk, and a few strips of wood and tin may be used 
to construct a workmen’s time and work-card filing rack. The 
blank cards are always available, and clean. Any of the work- 
men’s cards may be seen at a glance, and are in order. A clock 
should be hung near at hand, so that the men will not have to 
guess at the time. (Motor World.) 


Garage and Repair-Shop Prices for Storage 
and Repairs 


The prices below are not standard but are about 
as near standard as can be compiled. Note the 
difference in prices to those who purchase gas, oil, 
and grease from the company, and who are regular 
customers and transients. 


Per Month—(Regular Customer) 


Roadsters, small, list under $1,400.......+++++eeees 
Roadsters, large, list over UA OO yererateotetete aise one) seoisie 
Tour. cars, small, list under 1,400... 

Tour. cars, 5-pass., list over 1,400... 

Tour. cars, 7-pass., list over 1,400..... 

Coupes and enclosed cars.....++++++se0+ 

IMT UITOD or cna o vacuo dou cee uN OoCoO 


IPAM oon.1 ou dbong daoracoNapooK0n0c0 partie a ehaverees $30.00 
Coupes, victorias, etC........+++eeeeees niarenotetee caletel piel 35.00 
Cars with Edison equipment extra......++++++ ogoamrc.am HOw) 
Transient 
Wash, polish, and storage, first night....... gnogogooe $2.00 
Wash, polish, and storage, each additional night....... 1.50 
Storage only, per night....--..--.ssereseeeereeeeeee 1.00 
Dead Storage 
One-third regular rate......--.-eeeee eset eters Per month 
Separate body storage, per TYNOML GEN Rance eae oreilar sis oben archon $5.00 
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Repairs per Hour 


Day labor, according to work............... per hour $1.25 
Night work and outside work............... per hour 1225, 
Sunday and holiday labor................ . per hour 1.25 
Shop room for chauffeurs when owners furnish 

COOLS Re RON eet Ae Satis eye per day 1.00 
Chauffeurs furnished to drive owner’s car (day) per hour 1.00 
Chauffeurs furnished to driver owner’s cars 

(EDT) Roatan atari icles s skrsia nr) Mawsbae oe. per hour 1.00 
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* We will not be responsible for cars left for repairs or storage 
in case of fire, water, cyclone or other accidents, or if car is 


damaged in delivery to and from our garage. 
We are not responsible for articles left in cars or in the shop. 


Note: The foregoing is printed on a heavy card, 14 x 24 
inches, framed, and placed in a conspicuous place. 


FIXTURES AND SUPPLIES FOR A GARAGE 


Fixtures for the repair shop should consist of such 
things as: shelves and racks for tools, such as 
stocks, hacksaws, etc.; these should be on the walls 
at the back of the vise. A set of stout drawers for 
keeping bolts and screws and brass rods should be 
provided. Some of the drawers should be_ fitted 
with locks and keys, for sometimes tools will dis- 
appear. Several shelves should be put up for stor- 
ing various spare parts, mandrels, etc., but it must 
be remembered that the shelves when full may have 


to carry a very considerable weight; they should - 


be stout and well secured. 

Fixtures for the garage would also consist of such 
parts as lubricating oil tanks, gasoline tank, wash 
hose and washing rack, heating plant, turntable, 
stock room, etc. See Index under “Care of a car 
for constructing a wash rack.” 

A heating plant, either hot water or steam, with 
coil pipes or radiators must be provided. This 


plant should be in a cellar or on the outside of the | 


building in a small brick enclosure. 


A turntable is very handy for garages, but not 
altogether necessary. It should be placed in the 
center of the garage. 


A wash rack is very essential. 


For the lubricating oils, a small enclosure can be 
provided made of wire fencing with a lock and key. 


Lubricating oils should be carried in about three 


grades: light, medium, and heavy gas-engine 
cylinder oil, as well as a supply of gear-case oil and 
greases. Sixty-gallon tanks are usually provided 


for lubricating oils, and all are placed 
line pump. 

A lubricating oil tank and a pump capable of 
delivering anything up to the consistency of trans- 
mission grease are made by concerns specializing in 


this work. Smaller and cheaper lubricating tanks 
can be had. 


The gasoline supply should be stored in an 
underground tank, placed some distance from the 
building, from which it is piped to a pump located 
inside of the building near the wash rack. The 
gasoline tank should have from 120- to 280-gallon 
capacity. 

A gasoline pump can be connec 
under the sidewalk or in the rear. 


A Western gasoline pump, with the stroke adjustable for 
Mé, V4, 1, and 2 gallons, and equipped, with a 280-gallon tank, 
is sold by the maker for about $200. A curb gasoline outfit is 


shown farther on. 
Many useful devices, in the way of time-saving 


additions are shown under “Useful hints, suggestions 
and devices”’ (see Index), 


ted to a tank 


throwing the light in dark ¢ 
the pit under the car, 


A chain hoist or crane, for lifting the engine and 


other. heavy parts, will pay for itself many times 
over 1n time and labor. 


near the gaso- © 


i) 


Fire extinguishers should be kept handy. The 
only part of the building (if made of conerete or 
brick) that is subject to fire is the roof. In case of 
fire, keep two or three buckets of sand handy (or 
fire extinguishers) to put out a gasoline fire, as water 
is useless. 


Gasoline often drips from a carburetor, and back-firing ora 
spark from a muffler will ignite the gasoline. Once a gasoline 
fire is started, it is difficult to extinguish. Never use water; 
it will serve only to float the gasoline and spread the flame. If 
a fire extinguisher is not at hand, keep a box of fine earth or 
sand and dash it over the flame. Flour will also do, if nothing 
else is handy. 


1! A water connection in the repair shop will be 


f handy, and should be installed. 
i Electric lamps with wire guards and a long cord 
{ for working around the car are very necessary. 
"There is no end to the number of useful devices 
; which can be installed in a repair shop and garage. 
For oil fires, a motor trade magazine advises to 
keep on hand a mixture of sawdust and soda (about 
1 qt. of bicarbonate of soda to a bushel of sawdust). 
A chemical fire extinguisher can be made by 
. taking 71% gallons of water and mixing about 10 or 
11 lbs. of ammonia salts and 21 or 22 lbs. of common 
salts. Put into bottles and keep on hand. 


The following few pages will be devoted to equip- 
ment and supplies usually required in a garage. 


* By writing to some of the manufacturers, where 


names are given farther on, and who specialize in 
garage equipment, and to automobile supply houses 
useful catalogs can be obtained if this book is 
mentioned in the request. 


Fixtures for Handling Lubricating Oils, 
Waste, etc. 

methods of handling lubricating oils. Very 

elaborate equipments can be obtained for those who desire large 


outfits. Write for printed matter to the concerns mentioned 
farther on. 


Below are shown 


HAND PUMP 
WASTE OIL: 


Fig. 18 Fig. 19 Fig. 20 


Fig. 18. Lubricating oil tank, This tank can be used for 
engine oil and general lubricating oil for a small garage. It is 
made of galvanized steel and holds 60 gallons,-and is fitted with 
a positive-action force pump. The advantage is that it keeps 
the oil covered and free from grit and dirt. The Bowser Co. of 
Ft. Wayne, Ind., makes a more elaborate affair, 


Fig. 19. The cross oil filter will save oil which j t 
filtering the used oil through this filter. It will alse hee ny 
of grit and mineral substances, 


Fig. 20. A waste can is required b i 
1 be 3 y the insurance com- 
panies, and instead of throwing greasy, oily, inflammable waste 


on the floor, it is placed in this can, Eve: 
ihe ne ry garage should have 
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Fig. 21. The Dover gasoline and radiator filler will prevent 
spilling, and is very easy to handle. It holds 5 gallons. It is 
not advisable to put gasoline in the same vessel used for water, 
but if it is necessary, then place a chamois skin in the funnel, 
and pour the gasoline through it. No water will then pass into 
the gasoline tank. 


Fig. 22. Illustrates a smaller size of Dover radiator and 
gasoline tank filler. It is advisable to have one each for gaso- 
line and water. This filler is also suitable for lubricating oil. 


: OLD VALVE STEM 
BRASS TUBE 


OLD SPARK 
PLUG.SHELL 


Fig. 24 


Fig. 23. Oil may be most readily transferred from the bar- 
rel to the storage can by the aid of a differential pulley and suit- 
able grab-hooks. The differential pulley may be fastened to the 
ceiling beams just over the oil-storage-room doorway, and if 
the storage cans are mounted on casters in the manner shown, 
they may easily be rolled under the suspended barrel, a hole 
drilled in the bung, and the oil transferred without further 
attention. ‘The oil-storage room shown in the sketch has 
several valuable features. First, the oil may be locked up, and 
is accessible only to the proper persons; secondly, the upper 
part contains a shelf on which the surplus stock of heavy oils 
and greases are stored. 


Fig. 24. It is difficult to transfer oil from the common oil 
barrel to a smaller container unless some special outfit is at 
hand, such as the one illustrated. The oil is forced by air pres- 
sure from the barrel. Air pressure is applied through a valve 
that is an ordinary tire valve soldered into an old spark-plug 
shell, which in turn is screwed into a holein the barrel. The oil 
is delivered through a bent brass pipe, passing through a second 
spark-plug bushing, also screwed into a hole in the barrel. ‘This 
pipe must be long enough to extend nearly to the bottom of the 
barrel, as shown by dotted lines. Packing is placed between 
the bushing of the plug and the shell, so that the tube may be 
adjusted to any barrel, and the amount of oil is readily regu- 


lated by the pressure applied. 


Fig. 24A. Oil pump which can be secured at supply houses 
for removing oil from a barrel. 


Fig. 25. An oil-storage system, whereby the oil is dis- 
charged by gravity. It comprises several tanks, as many as 
there are kinds of oil to be stored, held close to the ceiling on 
pipe standards, and each pipe connected to its discharge valve. 
Oil is transferred from the original barrel by air pressure, 
through a special connection, in the manner illustrated. In ad- 
dition to facilitating the withdrawal of oil, this method gets the 
storage tanks up out of the way, and saves much valuable room. 


Fig. 26. The common type of oil-storage tanks requires a 
pump and does not provide a convenient place for keeping the 
measures. Gravity flow is somewhat handier, and the installa- 
tion requires less floor space. A simple method of storing 
several grades of oil and having them on tap is illustrated here. 
The tanks may be made by any tinsmith, and are provided with 
gauge glasses that show at a glance the amount of oil on hand, 
The conical-shaped bottoms permit the draining of the last drop 
of oil, and prevent the collection of any sediment. A shelf pro- 
vided with a drip-pan offers a convenient place for keeping the 
receptacles, 


FLEXIBLE 
TUBING 


Fig. 27 


Fig. 27. A powerful grease gun for filling universal joints 


and steering gears is illustrated here. The barrel of the gun is 
a piece of 6-in. pipe about 16 in. long, and carries a metal piston 
having a single ring. This piston is forced downward through 
the action of a threaded rod, screwed into a cap at one end, and 
operated by a hand wheel. The other end of the barrel is like- 
wise covered with a cap and carries a length of flexible tubing, 
through which the grease is forced to the part. The barrel is 
mounted on wooden uprights, and is large enough to permit 
one loading to supply several joints. The amount of grease 
used each time may be readily determined by weighing the gun 
before and after using. 


Fig. 28. The oil drained from the crank case is usually a 
dead loss, as it is unfit for further motor use. It is, however, 
suitable for lubrication of farm machinery or such light imple- 
ments as the lawnmower and the wheelbarrow, and may be 
reclaimed by the settling tank shown. The old oil is poured 
into the tank as fast as it collects, and the sediment is allowed 
to drop to the bottom, the clean oil rising to the top and being 
drawn off as required. The resale price should be made low to 
attract the trade, and is almost a clear profit. 


The foregoing are suggestions taken from the Motor World. 


Sponges, Chamois, and Waste 


In selecting sponges, chamois, and waste, it is advisable to 
use only the best. 


Waste usually comes in bales of 50 or 100 pounds. It is 
economy to buy waste by the bale. Nothing but the very best 
white waste is suitable for automobile work. When waste has 
been used and is ready to throw away, place it in a can (see 
Fig. 20). 

Chamois skins are used for washing and cleaning the body 
and fine surfaces. It is a difficult matter to obtain a good, 
genuine chamois skin, but it is worth the difference in price to 
get the best. 'The French chamois skin seems to be the most 
durable and pliable. Chamois skins come in sizes 28’ x 32’ 
and 19” x 21”, A package of chamois generally contains a 
dozen, 
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Sponges often contain sand and grit, especially the cheaper 
grade. Many cars have received scratches which cannot be 
removed, by using the cheap gritty sponge. The best sponges 
are the Rock Island Sheepswool sponges. They come in bales 
of 15, 25, 30, and 50 pounds. This class of material can be 
obtained of automobile supply houses. 


ae ms 
ee 


‘ uy bs BALE OF SPONGES 
BALE OF WHITE WASTE 


Fig, 29 


Repair Pits and Methods for Working 
under a Car 


An inspection pit, placed at a convenient place, 
or, still better, a floor level underworker, as shown 
in Fig. 30, is far better than working on your back 
under a car in a limited space. Several different 
methods are shown below. 


Fig, 30 


Fig. 30. A concrete repair pit, the depth of which may be 
varied, is illustrated here. Ledges are provided at different 
heights, and boards may be placed across, giving the mechanic 
free access to the work. Much of the dampness of this type of 
pit is removed by the wooden floor and the space beneath. 
Several of the boards on one of the upper ledges may be left in 
place and used as shelves for the tools and for steps for getting 
into and out of the pit. Size of pit is usually 6’ long, 2/9” wide, 
and 2’9” deep. 


Fig. 31. While not new, the substitute for a pit illustrated 
here is worth describing because of its merit. Two heavy 
wooden boxes, one for each wheel, with a slope of about 30°, 
and a flat space on top are used. The boxes are constructed of 
114” or 2” planks; the height is about 10”, and the length about 
4 feet. Such boxes will support even a heavy car. 


Fig. 32. The Manley floor level underworker elevates the 
car to any desired height, so that the mechanic can work to 
advantage while sitting in a perfectly natural position. Manu- 
factured by The Manley Mfg. Co., York, Pa. 


Fig. 33. Where there is an elevator and no pit. This 
structure serves the same purpose as a pit, with the additional 
advantages of being portable, more cleanly, and more accessible. 
It permits the workmen to perform most of their operations by 
daylight instead of subjecting them to the inefficient glare of 
an electric-light bulb. No skids are required with this struc- 
ture in any garage where an elevator is provided; the elevator 
with the vehicle upon it is simply brought to a stop at the 
height of the truck, and the truck then adjusted so that the 
car can be rolled upon it. Being mounted on casters, the truck 
can be moved easily to the lightest portion of the shop. 


Fig. 34 


Fig. 35 


Fig. 34. A creeper is easily made, and is strong enough to 
permit a car to run over it without injury. Cross strips are 
2’ x 14” steel and bent slightly to give clearance for the swivel 
casters and yet keep the body of the creeper low. Slats are 
4” x 34” hardwood. The Continental Auto Parts Co , Colum- 
bus, Ind., manufactures creepers, engine stands, hoists, etc., 
at very reasonable figures. 


Fig. 35. Another method for working under a car. The 
front end of the car is hoisted by chain and specially made wood 
Jacks are placed under the axle. The stands or jacks must be 
designed for the least space possible, in order to give working 
room between them. It is also advisable to have the car sup- 
ported by the chain hoist securely, and then, in case the jacks 
give way, no injury will result: also block the rear wheels 
securely. 


Gasoline Storage 


This subject is one the garage mar can learn more about by 
writing to the concerns mentioned below, and securing their 
catalogues. 


‘A curb or road-side pump is shown in Fig. 36. 
An electric light fixture with globe is placed above. 
The storage tank is buried under ground, usually as 
close to the pump as possible, It is connected by a 
11” suction pipe with a foot valve placed at the 
end of the suction pipe. Standard tanks range from 
1 to 20 bbl. capacity. Parts are: foot. valve, 
vented fill pipe with lock, suction pipe, and gauge 
stick. (The American Oil Pump & Tank Co., 
Cincinnati, Ohio.) 


An air-pressure gasoline system is manufactured 
by the Allen Pressure System Co., 1926 Broadway, 
New York, N.Y. 


The Bowser Co. manufactures a piston type of 


gasoline pump which separates the water from the 
gasoline. 


The gasoline storage tank to supply gasolineinside 
of the garage to a pump placed away from the tank 


requires special installation on account of the insur- 
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ance. The tank can be placed in the ground 18” 
below the surface. The insurance companies are 
very strict. The plan shown in Fig. 37 1s one that 
passes inspection in New York. Give the tank 3 
coats of asphaltum when placing it underground. 
Addresses of some of the storage-tank manufacturers: Wes- 
tern Oil Pump & Tank Co., St. Louis, Mo.; O. K. Harry Steel 
Co., St. Louis, Mo.; Wayne Oil Tank Co., Ft. Wayne, Ind.; 


American Oil Pump Tank Co., Cincinnati, Ohio; S. F. Bow- 
ser Co., Ft. Wayne, Ind.; Tokheim Oil Tank and Pump Co., 


Ft. Wayne, Ind. By writing these concerns full information 
can be secured. 


A Gasoline Filling Station Layout and 
Greasing Rack 


A suggestion for the layout of a filling station is 
made by Motor Age, as shown in Fig. 38. 


A good method of determining the probable trade 
in a certain location is to count the number of cars 
passing per day at the location selected. If there 
are about 3,000 cars or more per day, on an average, 
passing the filling station, this will no doubt insure a 
profitable investment. There is no surer method of 
getting gasoline business than going where the 
traffic is heavy. A corner where traffic passes both 
ways, especially around the corner, is the most 
valuable kind of a plot. 
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The biggest problem in making a layout is the 
finding of space where cars may take on air and water 
and where a greasing rack may be placed without 
interfering with or obstructing the passages to and 
from the gasoline pumps. 


_ The driveways in the plan shown in the illustra- 
tion are very liberal, but they should be so, as it is 
of the utmost importance to make it easy for cus- 
tomers to get in and out without interference. 
This building does not seem large, but will be found 
of ample size. The necessary tanks and pumps are 
provided, i.e., about four tanks, two 1,500-gallon 
tanks for commercial gasoline, one 550-gallon tank 
for high-test gasoline, and one 550-gallon tank for 
kerosene oil. Free air and water should be provided 
(see ‘‘Air compressorsy’’). 
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Vig. 38 


A mistake is often made in planning filling sta- 
tions, even by experts of the big oil companies. 
Many times they place their free air hose so that a 
car taking on air will obstruct one of the passages. 
At ordinary times this does not matter, but during 
rush hours it matters considerably, since if there are 
several cars waiting, other prospective customers will 
go on to another station, rather than stand in line. 


The greasing and oil-changing branch is getting 
to be quite an important factor in motor-car service, 
and, if handled intelligently, should be a good 
source of profit. A greasing rack is shown in the 
illustration (Fig. 38). 


Engine Stands, Axle Stands, and Hoists 


Engine stands for working on the engine at various 
angles, and hoists for lifting the engine or transmis- 
sion from the frame are very necessary. ‘There are 
several firms who manufacture such devices: 
Continental Auto Parts Co., Columbus, Ind.,; 
Service Station Equipment Co., Chicago, Il.; The 
Manley Mfg. Co., York, Pa.; and the automobile 
supply jobbers mentioned farther on. 
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CONTINENTAL 


WELDING AND ASSEMBLY CONTINENTAL ADJUSTABLE 
TABLE ENGINE.STAND 
Tig. 39 Fig. 40 


Fig. 39. The Continental assembly and welding table 
greatly helps to speed up all kinds and types of assembly work. 
It is not necessary continually to change the position of the 
article being worked on, in respect to the table, as the table 
may be revolved and the work comes to the right position. The 
table is instantly locked (Continental Auto Parts Co., Colum- 
bus, Ind.). 


Fig. 40. The Continental adjustable engine stand. 


Fig. 41, 


The Manley portable hoist. 
posed of steel angles thoroughly braced, 
the form of a standard bridge truss. 


This hoist is com- 
The top frame is in 


The chains may be used single or double, giving in the first case 
twice the speed with one-half the leverage, and in the second 
case the reverse, thus proportioning the leverage to the power 
required to lift any load efficiently and quickly, 


lower. 


The gears have spur teeth with ample leverage ratio for the 
complete range of auto work, 


The 4,000 Ibs. capacity hoist is ample for all passenger cars 
and light trucks. The 8,000 Ibs. capacity truck 18 intended for 
the heaviest truck service. (Manley Mfg. Co., York, Pa.) 
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Fig. 42. ) 
locking clutch enables the operator to place and lock the engine 
in any position without the use of pins or other make-shift 


The Manley Universal engine stand. A cone 


methods. The Cadillac, Dodge, and Overland 90 require 
special fittings, which can be furnished. 


The unit construction enables this to be converted into an 
axle stand, thereby tripling the value to the garage. By remov- 
ing the engine-stand parts, and putting on the axle-stand 
attachments, the machine is converted from one to the other 
in three to five minutes. 


It will mount 85 to 90 per cent of all motors without special 


attachments, by means of the Universal suspension bar. Made 
in two types, geared and plain. 


The Manley Ford-Chevrolet Universal engine 
The cone-clutch-locking method allows the mechanic 
to lock the motor in any position in a complete circle. The 
whole power plant, including the oil pans, can be assembled or 
disassembled while on the stand, 


The axle stand parts shown in Fig. 44 may be attached in 
two a three minutes, converting it into an efficient axle 
stand, 


Fig. 44, 


engine stand (Fig. 42) is converted into an axle stand by remov- 
ing two cap screws, releasing the clutch and fitting assembly, 
and applying to the yoke the two clamps. 
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Fig. 49. An overhead railway for repairshop use may be 
patterned after those in use in large butcher shops. It consists 
of a track made out of stock about 14” x 2/’, and suspended from 
the ceiling by arms at frequent intervals. On this track is 
placed a cap, to which the block and tackle is attached. 


Fig. 45. The Manley 22-ton press. The illustration shows 
the Manley combination press, consisting of a powerful screw 
press, a high-speed rack and pinion sensitive press, and a 
straightening attachment all in one unit. This combination 
covers the range of auto service work completely. Its 42’ clear- 
ance is necessary for wide work and straightening jobs; its 30- 
ton capacity is required to handle all auto work; the rack and 
pinion press is essential for light work, and the straightening 
attachment is used continuously in every garage. Combining 
the three in one unit is very much superior to three separate 
units, and the cost is much less. 


Fig. 50. Axle stand. Work is faciliated by the use of this 
special stand. The one illustrated is fitted with rollers and 
permits the chassis to be moved about, rendering the parts 
more accessible. 


"| , r pees Fig. 51. Though designed for work on the Ford rear axle, 
pee ee ee Beised by specially made jacks for the purpose —_ this stand could readily be adapted to the requirements of 
of working underneath. many makes of axles. The ends of the axle-are supported on 
notched uprights, about 30 in. from the floor, and the torque 

tube is placed on either of two uprights similarly notched. 


Fig. 52. A home-made engine stand that is adjustable as to 
width, and that is very light yet strong, can be made out of 
structural steel. The top members are 4’ channels, the legs 
2’ x 3’ Tiron, and the cross-members are made of flat stock 


ye x1”. 


Fig. 47 Fig. 48 


Fig. 47. A home-made chain hoist and frame for lifting 
engines from the chassis. The frame is made of heavy iron 


pipe with rollers. 


Fig. 48. The Pull-U-Out is a combination device. It can 
be used as a hoist and also for pulling cars out of mud holes, ete. 
Can be carried in a car. 


This device has advantages over the old-fashioned block and 

tackle, being Lighter, and Bao powertal. A. aensiine .§ ee 

h ill lift ton, ereas a triplex : ‘ 

Sate Spee ee eae 82 ieee Bee ns eae block Ban Fig. 52A. The Hovey garage jack for general garage use 
tackle 176 lbs. See also Index. Can be secured of J. H. Whetstone Co., Lapeer, Mich, 
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TOWING TRUCKS, WRECKING CRANES, SERVICE CAR, ETC. 


A towing truck with devices for towing in disabled 
cars 1s a necessity and a profitable investment for a 
garage. 


With the proper equipment one man can accom- 
plish in an hour’s time what would ordinarily 
require two or three men several hours to perform 
under the former methods of towing. Towing 


Fig. 53. The Manley towing truck is simple in construction. 
The load is carried on an off-set saddle directly over the center 
of the axle. It is equipped with roller bearings, located in the 
hubs, which are lubricated through large grease cavities; 14’” 
wheels, 11 ft. massive two-inch telescoping towing pole, made 
from malleable iron and steel. It can be attached to the front 
or rear axle of any car. 


trucks are suitable for towing in cars where either 
the front or rear axle is disabled. For instance, if 
the rear axle is out of commission and the car can- 
not be towed from the front end, then it is necessary 
to place a dolly under the rear axle and to tow the 
car backwards, or from the rear end. In this 
instance the steering wheel can be tied by passing 
a light rope around the windshield brace, and then 
tying it to the steering wheel and then to the other 
side of the windshield brace, which will keep the 
front wheels in line. 


Fig. 54. Manley wrecking crane: This device is intended 
to be attached to the rear of a service car. The illustration 
shows how it is used. The crane can also be used as a portable 
floor crane for garage and shop use, 


A Home-Made Towing Truck 


It will probably be cheaper to purchase a towing 
truck, but for those who have the time and inclina- 
tion to make it themselves a brief description is 
given. (See Fig. 55.) 


The heavy metal wheels are 11’ di., 6” hub, 114” 
spindle. A tongue, preferably an I-beam steel 


member about 8’ or 10’ long with a coupling pin to- 


couple to the tow link of the service car (see Fig. 62, 
page 677), is mounted on the heavy metal axle of 
the dolly (towing truck), A hook-shaped flat 
piece with a hook at each end is provided to set the 
axle or differential housing on and to hold the axle 
in place. 


Then chains are passed around the axle housing 
and fastened to the axle of the dolly, in order to 
keep the axle from moving sidewise. The rear end 
of the service car is then coupled to the end of the 
dolly and the car is towed backwards. The axle 


of the dolly, in fact all parts, must be very sub- 
stantial, as the vibration is very great. 


Fig. 55 


Chains with catch hooks should be provided to 
pass over the axle to prevent side play. 


Towing Pole 


A towing pole is shown in Fig. 56 and a towing 
bar in Fig. 57. Methods of using a rope for towing 
are shown in Fig. 58. 


Fig. 56. With this device a car 


The Weaver towing pole. 
can be pushed or pulled. 


Construction: The pole proper is made of double-strength 
steel tubing, and is constructed in two sections, one telescoping 
within the other. A convenient pin adjustment provides for 
varying the length from 5 feet 6 inches to 8 feet. The heads or 
sockets are well designed of malleable iron, and carry a con- 
venient spring latch for securing the end of the heavy chain. 
The heavy coil spring is amply strong to meet the requirements 
of the heaviest passenger car service. The yoke which encases 
the spring is of malleable iron, Shipping weight, 30 pounds. 
(Manufactured by Weaver Mfg. Co., Springfield, Ill.) 


which will guide the 
car being towed. 


Fig. 57. _A tow-bar whereby two cars may be brought in 
by one driver, A towing bar, attached to the rear of the 
driven car, pulls the towed car by a clamp in the front axle. 
The bar extends behind the axle, and a stud on a clamp on the 
tie rod goes in a hole in the bar. In this way, when the bar 
turns, it moves the tie rod, and the towed car follows its leader, 


=> ®) St es ei 
baer 


Fig. 58. Right and wrong methods of securing the tow ro e 
to the vehicle to be towed. The best way is hae at (G) eae 


The rope should be as lon as convenient 
and should be attached as near the outer ead of the en of 


THE 


To loop the rope under the frame as at (D) is very bad, as a 
severe strain would bend the horns inward, as indicated by the 
dotted lines. 


The bowline knot is the best to use at all times, as it is easy 
to make and just as easy to untie; it is illustrated at (C). 
Attention is called to the cloth wrapped (H). 


When a bar of wood is not readily obtainable, and a heavy 
car is to be towed, the rope may be secured as illustrated at (E), 
two half-hitches being used, as shown at (A), to secure the rope 
to the horns of the frame, the rope between the two horns being 
left slack. When using this method, the bights also should be 
as long as possible. Two long bights are shown at (E); an 
undesirably short bight is depicted at (D). (A) shows how the 
two half-hitches are made, and (B) shows how they look when 
drawn taut, the slack being shown in the rope between the horns 
(H) to prevent their being drawn together at (D). 


The knots at (A) and (C) are the most useful. Their advan- 
tage over other knots is that they will neither slip nor jam. 
(Motor Age and Automobile.) 


How to Make a Service Car 


A service car is necessary in all up-to-date 
garages. It bears the same relation to a service 
station as does an ambulance to a hospital. It is 
a traveling representative of the service station, 
and should impress the public that quick, clean, and 
efficient service is given. 


Any old chassis can be utilized for the purpose, 
and by following the dimensions in the table below 
(Fig. 59), a very attractive and serviceable car can 
be constructed. 


Table of Service Car Body Dimehsione 
As Taken From Representatwe Detrou Service Cars 


a 


Studebaker 4-58 58 | 25% | 25 


{°—seat on one side only.): % 
All demensions in inchea 


Fig. 59. Dimensions referring to Fig. 61. 


The figures given are intended to be for the aver- 


age requirements of the average service car built 
on the various chassis which are listed in the table. 


One very important point to bear in mind is that 


the service wagon must be attractive in appearance 


and quietly. 


—clean, well-painted, and it must run smoothly 
It will be one of the best investments 
you can make. 

Painting: Cars giving Chalmers service are 
painted English vermillion, with black hood and 


Fig. 60. After studying hundreds of service cars in dozens 
of the largest cities and many smaller ones, Motor World be- 
lieves that a design of this general kind is best. Note particu- 
larly the method of carrying the towing pole, the jack mounting 
on the running board, and the location of the several spot 
lamps. 


GARAGE: BUILDING AND EQUIPPING 
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running gear. Hudson service cars are white, with 
black trimmings. If the dealer is giving service on 
a particular make of car, he should find if a standard 
service car color is used; if not, the car may be 
painted any bright color that will give distinction. 


1-Tire tools. 


2-P ump 8, 
blocks and 
heavy tools. 


3—Extra tubes 


and tire re- 
pair. 
4—Bolts, nuts, 


5-—Gas can. 
6-Oil can. 
7-Bolts, nuts, screws. 
8--Small repair parts. 
9-Tools. i 
10-Towing dolly, shovel, axe, pick, bars, battery, 
Spare tires, etc. 


and small re- 
pair parts. 


Fig. 61. Here is a detail drawing of the body shown above. 
The lettered dimensions on the drawing are given in the table 
(Fig. 59). The figures refer to the location of the various tools 
and accessories. 


Tow 


Fig. 62. An alternative type of body, built especially for 
very light chassis, is often desirable, in which case the arrange- 
ment can be made something like this. This is a body that is 
used quite successfully by the Chevrolet Co. in Detroit. There 
is an almost endless variety of arrangements, and in laying out 
a car a shop foreman should be guided by the particular class 
of work he expects to be called upon to do. 


Fig. 63. This is a view of the interior of the service car 
shown in Fig. 60. Note the chocks and the neat arrangement 
of the tools, the seat at the right not being shown, so that the 
compartments are visible. 
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SLITS FOR STRAFS 


RUNNING BOARD 
Fig. 65 


Fig. 64 


Fig. 64. Thisisa detail drawing of the jack mounting shown 
on thie service car illustrated in Fig. 60. In this case 5-ton 
jacks are carried, though any size can be substituted. Get 
them big enough to care for the heaviest work to be done, and 
they will also serve for light work. 


Fig. 65. The service jacks can be carried bolted to the run- 
ning board, like this, thumb-screws being used for quick action. 


Several of the foregoing illustrations are by Mr. S. Thornton 
Williams, the Motor World. 


DYKE’S INSTRUCTION No. 61 


CONVERTING AN 
OLD CADILLAC INTO 
A SERVICE CAR 


Another example of a service car as suggested by 


Fig. 66. 
Motor Age. 


THE STOCK ROOM 


More money is lost in the repair shop and garage 
than in any other part of the business by having 
supplies scattered over the shop promiscuously. 


Every repair shop, no matter how small, should 
provide a stock room with a good lock and key, and 


Fig. 67 


everything in the way of supplies should be kept 
therein. (See Fig. 67.) 


Systematic arrangement and a place for every- 
thing and everything in its place will save time and 
money. 


The stock room is generally placed in some con- 
venient place in the garage or repair shop. It is 
usually constructed of lattice work with a good Yale 
lock on the door. In large shops the stock room is 
in charge of a responsible person, whose business it 
is to keep the stock replenished and deliver material 
to the workmen and customers. 


Fig. 68. Small parts, such as screws, bolts, washers, nuts, 
gaskets, and the like, are conveniently kept in tin drawers, as 
illustrated. The drawers are cut from a single piece of tin and 
are soldered, as shown by the heavy lines. The drawers slide 
In grooves cut in planks placed vertically. The grooves are 
made with a saw and chisel. The advantage of this method of 
storing parts is that the construction of the receptacles is very 
inexpensive, and maximum convenience is afforded. It is 
possible to see what is in the various drawers without pulling 
them out, which is a feature peculiar to this design, aaa saves 
considerable time when the exact drawer a certain, part is in is 
not known. 


Supplies in the rubber line: Repair shops can 
make extra money by carrying rubber supplies 
which are generally made by tire concerns. Some 
of these are as follows: Automobile rubber mats 
which come in rolls 3/32” to 1%” thick and 35” to 
48’ wide; matting also comes corrugated and per- 
forated; radiator hose; tire tape; rubber tubing; 
tire inflating tubing (comes in black, white, or red; 
sizes 14”, 5/32”, 3/16”, and 14” inside diameter). 


Fig. 69. Substantial drawers of large size provide conven- 
ient means for storing parts removed from cars that are being 
repaired, The usual method is to place the parts on the bench 
but this is objectionable because there is always danger of their 
being mislaid or used on other cars. A drawer 10” x 18” x 24/” 
is large enough to take all the ordinary parts, such as bolts, nuts, 
washers, carburetor, magneto, pistons, connecting-rods, bear- 
ings, etc. The drawer may be placed at the side of the car, and 
as soon as all the parts have been removed it may be put back 
in the cabinet. A padlock safeguards the parts until they are 
needed again. These drawers also aid in keeping the shop neat 
and protect the parts from dirt. The top of the cabinet may be 
used as a bench or table. 


DETAIL OT BIN MARKER 


Fig. 70. This stock-bin marker permits ready location of 
any bin in the stock room. It is a sheet metal tag, bearing 
the number of the bin to which it is attached. As it projects 
out into the aisle, and is large enough to be easily read, the 
location of any desired bin may be seen at a glance. 
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Parts of Cars for the Stock Room 


Parts for axles, engines, transmissions, steering 
gears, etc., should also be carried if there is very 
much work on any particular car in the vicinity. 
Otherwise secure a Parts Book of the manufacturer 
of the cars you are likely to be called to work upon, 
and order them as required. 


Minor parts, such as windshields, radiators, ball 
cups, bearings, springs, fenders, wheels, rims, tires, 
bodies, ignition coils, distributors, generators, 
starting motors, batteries, axles, frames, gears, etc., 
can be secured from automobile parts supply houses, 
such parts not usually being made by the manu- 
facturer of the car. Automobile parts supply houses 
also wreck cars of different makes and sell the parts, 
and very often a part can be secured ata very reason- 
able figure. Reliable concerns in this line issue 
circulars giving the description of such parts and 
their condition. 


It is a good plan always to ask your customer if 
he wants genuine parts from the manufacturer, or 
parts from an automobile parts supply house. 


Automobile Parts Supply Houses 


Some of the automobile parts supply houses are 
given below: 


Puritan Machine Co., Detroit, Mich. 

Auto Parts Co., 4114 Olive St., St. Louis, Mo. 

Auto Salvage & Exchange Co., 2823 Locust St., St. Louis, Mo. 
poverionn Automobile Parts Co., 125 W. 52d St., New York, 


evo atte Exchange Co., 621 Van Ness Ave., San Francisco, 
al. 


Auto Wrecking Co., 1413 McGee St., Kansas City, Mo. 
Machined Parts Corporation, 245 W. Larned St., Detroit, Mich. 
See also ‘‘Orphan Car List’’ for other supply houses in this line, 


See also page 687 for “Automobile Jobbers,’”’ and, if in the 
repair business, send for.catalogue of nearest firm. 


Manufacturers of Automobile Parts 


Some of the manufacturers of parts for standard 
makes of cars are as follows: 


Standard Metal Goods Co., 2080 E. 30th St., Cleveland, Ohio. 
C. A. Cathart, 222 Massachusetts Ave., Boston, Mass. 
Jos. Gorey & Co., 354 W. 50th St., New York, N.Y. 


Gear Manufacturers 


Concerns who specialize in the manufacture of 
transmission and rear axle gears and shafts, etc., are: 


Automotive Gear Works, Atlanta, Ga. 

Auto Gear Co., 844 Eighth Ave., New York, N.Y. 

Auto Gear Co. of Boston, Boston, Mass. 

Auto Gear Co. of Chicago, 1461 8. Michigan Ave., Chicago, II. 


Auto Gear Co. of Los Angeles, 1213 S. Hope Ave., Los Angeles, 
Cal. 


Some of the Small Supplies and Fittings for 
Stock Room 


The assortment listed below, as well as all other 
supplies, can be secured of automobile supply 
houses. 


Asbestos—sheet and wicking. 

Babbit metal—for bearings. 

Blue, Prussian, for ‘‘spotting in’’ bearings. 
Body polish—brass and nickel. 
Bolts—stove and carriage, assorted sizes. 
Brake band rivets, Nos. 7, 8, 9, and 10 (copper). 
Brake lining—see Index. 

Brushes—for generator and motor. 
Brushes—paint, scratch, file. 
Bushings—for crank shafts. 

Candle wicking—for pump packing. 
Carbide—in cans. 
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CAP SCREWS 


US! SANDE Ae ou neADS S. A. E. CASTELLATED 


HEXAGON NUTS 


ASSORTED. 


Sh 
ELLaTED NY 34 


Ah assortment of 15 in a box. Four 
each, $4, 34-inch; three 3¢-inch; two each, 
44, %-inch. All perfect. wellfinished nuts: 


An assortment of 12 in a box Two 
gach, }4 inch bolt, 1 and 13-inch lon 

ive each, Bese bolt, 1 and 14-ine s) 
long. ‘Two each, 3%-inch bolt, 11 1 
inch long. : e SEEN Gs 


STANDARD HEXAGON NUTS 


LOCK WASHERS 


Ne 
a ie ast 
ROK WASHED 
(a a 


,_ An assortment of 10 each in the follow 
ing sizes: 4, 3¢, 34-inch; three each, % 
de % inch, 


An assortment of 24ina box. Standard 
threads. Fight eaoh, }4, $y, 3¢-inch, All 
perfect, well finished nuts, 


CAMPBELL SPRING COTTERS TAPER PINS 


An-assortment of 40 in a box. _ Bix 
sizes, from Ox1 to 5x23¢ inches, High 
grade, turned pins, 


100 spring cotter pins assorted sizes; 
vil sizes for automobile work put up io 
boxes 
Celluloid sheets—for top curtains. 
Chalk line—for aligning wheels, 
Chamois—for washing car. 
Clamps—hose and screw. 
Cloth—crocus and emery. 
Cocks—compression and pet. 
Cotter-pins—assorted sizes. 
Cup and transmission grease. 
Cylinder oil—light, medium, heavy. 
Drill rods and drills. 
Dry cells—testing not less than 25 amperes. 
Electric lamp bulbs—see Index. 
Ells—brass; for gasoline and oil lines. 
Emery Cloth—No. 00 to No. 1. ° 
Felt—sheet and washers. 
Fibre—sheet and block. 
Flux—for soldering aluminum and brass, etc. 
Gaskets assorted—copper, asbestos lined for valve caps, car- 
buretor, exhaust and inlet manifold, spark plugs, ete, 


Gas tank keys—for Prest-O-Lite gas tanks, 

Gas tips— 4 ft. and 1 ft. sizes. 

Graphite—powdered and flake. 

Grease cups— 14’, 3%’. 

Hand washing compound. 

Hemp wicking—for packing. 

Hose—for radiator and gas. 

Hose clamps—for radiator hose. 

Inner shoes—for blow outs. 

Inner valve parts—for tire valves. 

Iron—bars and rods. 

Iron—sheet. 

Kerosene—for general cleaning. 

Key stock—in bars. 

Keys—Woodruff, Whitney and straight. 

Lard oil—for thread cuttings, tapping and drilling, 

Leather—(heavy) for under radiator and bodies and refacing 
cone clutches. : 

Lock washers— 14” to 5%/’. 

Moboline, Raybestos, multibestos, ete.—for packing. 

Nails—assorted. 

Neatsfoot oil—for clutch. 

Outer shoes—for cuts in casing. 

Paper—heavy brown, sand, emery. 

Pipe plugs—iron and brass 1%” to 34’. 

Platinum points—for interrupters, and magneto. 

Priming cups. 

Rivets—iron and copper, assorted. 

Rubber—matting. 
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Rubber—sheet packing 1/32” to 3/16”. 

Rubber—tubing for gas, air, tire hose, etc. 

Screws—machine, cap, lag, wood and set. 

Sheet—iron, brass, copper, tin and lead. 

Shellac—for gaskets, etc. 

Shims—laminated. 

Solder—half and half, string and aluminum. 

Soldering compound and acid. 

Spark plugs—14”, S. A. E.., metric. 

Spring—steel and assorted springs. 

Steel bars: a few feet of 14’, 36”, 14”, 54”, 34”, 1%”, and 1” 
iron bars; also steel, brass, and wire rods. 


5 
License Bracket 
Bolt and Nut 


THIS BOX CONTAINS 

100 ! 

“WHYTE wes |Z 
Sonren SiLE 

po agton veweves 

rawness artiort 


No. 3 
Copper Wire Terminals 


Spring Assortment Machine Screws*and 


Nuts, Assorted 


Steel rods—hbar, tool. 

Switches—push, snap 

Tacks—assorted sizes. 

Tape—adhesive; for electric wiring. 

Taper pins— 14’ to 3%’, 

Tees—1¥”, 14” brass for gas lines. 

Tubing—copper, brass, for gas and oil lines 1%’, 14”. This 
tubing generally comes hard, but can be annealed (sof- 
tened) by heating it. 

Unions—brass, 14’, and soldering connections for gasoline lines. 

Valve caps—for leading engines, valve caps for tire valves. 

Valve grinding compound. 

Valves—for gasoline and oil lines, tire valves and oversize 
valves for engine, 

Wasliers—punched, split, and«brass. 

Wire—copper, brass, spring, piano, and insulated. 

Wire—for wiring cars, such as: primary flexible cable and 
secondary cable. 


Copper Gaskets for Spark Plugs 


7 


S.A. E: 7%” (inside diameter 7¢”; outside diameter, 11¢’’). 
Half inch: aati diameter, 27/32”; outside diameter, 1 3/32”). 
Metric: (inside diameter, 23/32’; outside diameter, 63/64’). 


Assorted Piston Rings 


For new and older model cars. 
ring manufacturer, 


Can be secured of piston 
See Index under “Piston ring sizes.”’ 


S. A. E. Flared Tubing Fittings and Couplings! 


These are made of cast brass for use on carbu- 
retors, oil and gasoline pipe lines, ete. 


Union Nur 


IN OSs ysasiue sans eagnlestntstdarsricheus 65 66 67 
SIZE MUD crap nates, cist vexoucsye Yar 5/16” 34/t 
Wapped, Os Aw Wiens anaes 6 7/16 x 20 14x 20 5gx18 
IBGT aot See c Rice aerenteraRe 5/167 1 il sya’ 
Weight each (0z.)......... il 114 2 
Sinetn Union 
IN OST ay atte ota aim ote een 68 69 70 
DIZO MUD hans aa.s h caeuende trees yr D/L 16! 34" 
MePeethreadis.: ..neariee asics Wa Va ifn 
SyAgHeunread.s..2 meen nee 7/16x20 %x 20 5g x18 
Length RESO EERO Per MRS A Ok Wey 195/32 1 5/16” 
Weight each (0z.)......... 1 1% 2 


1Can be secured of automobile puppy houses. Sh Ns 1D, 
means Society of Automotive Engineers. 
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“THREE WAY TEE 


ELBOW THREE WAY TEE 
ALL SIDES SA 
PIPE THREAO THREAD 
DovusBLE UNION 
NOSe06 Sica e sieeve: elem ate ae 71 72 73 
ize bubes ar ase emer yy" 5/16” 34/” 
S.A. Hithread’?. joe aisw oe 7/16 x 20 1 x 20 5x18 
Bengthe sah. Ane aaaee 1 3/167 UT Ae 1%” 
Weight each (02z.)......... 1 2 
Baut CHEcK VALVE 
NOSic i hicggsesneeacn aeons 74 75 76 
Size tubes oe asec eee yr 5/16” 34" 
IPA thread yy eee Vy yy" Le 
S. A. E. thread . . 7/16 x 20 4% x20 54x18 
beneth an ete cet mer 1 1/16" 1 5/32” 1 5/16” 
Weight each (0z.)......... 1 14% 2 
ELBow 
NoSisc esc sant eels 77 78 79 
Sizébubess..kicse seen yy" 5/16” 34" 
TaPSthread../.5 tere aoe yy’ 1 dey 
SAL Ey threads pane 7/16 x 20 44x20 54x18 
Weight each (0z.)......... 1 414 2 
THREE-Way TnEr Pipn THREAD 
INOS. cone. cis ce eee 80 81 82 
Sizeitube 22a io. eee ese yi" 5/16” sir 
Ts Ps thread ey wisseemceaee Vy’ yr’ yl’ 
O24. BX thread 3. eee. ed LOcxecO 16 x 20 54x18 
hength.2 sa wna..cane eee 134” 1h” Sal 
Weight each (0z.)......... Pe he 2% 53 
Turee-Way TEE; Aut Stpus 8. A. E. Tareap 
NOSiji cada wae ee eee 83 84 85 
Size tubes, wee eee oe 4” 5/167 ai" 
Si AcwH threadersseee. one 7/16: x 20 6 x 20 54x18 
Length . Bc ache 134” 1%" git 
Weight each (oz. J eee 2 2% 3 
Pipe Fittings 
See Index for “Pipe specifications,’ and for 


9”) 


“Pipe threads.2 


UNION TEE-STRAIGHT STREET 
SIZE ELBOW 


CLOSE COUPLINGS PLUS RE! 
NIPPLE rab Busine 
ELEow 
le Diao mie iCio et MEG nines Grover cides Oilers 40 41 42 
UBS oi, is 0:10 slVo, alla RTs eaten ieee er ee ee GML AU 
Weight each (oz) snr eres ena 1% is i 
UnIon 
es MM AG oo Ani Sots boar. 43 44 45 
BIZE ii... a d.5 bner oh ORS ee ee eee iy’ yy" 34" 
Weightienchyl(02)) nein iia 3° 5A, 4 
Tne—Srraicur Sizn 
Be ORS SOL Oe On Heche oe aia 46 47 48 
ZO ee srusnslio shoe, SMOTHER OCR eee ee tA 
Weight each (0z.)......... syalenere leteretenete % 4 ie 


21. P. means iron pipe size. 
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Street Evsow 4-pl 
_ 4-ply hose 4-ply hose 4-ply hose 
ae Bick, tins A clench Cherny OLE EEC aC POL ERR TERRE Care eee 4 By : wa) meee ae 14) inside diam. 214” inside diam. 
So01e oles. omtpie cicanitin Oo HON Mi taten oc ORE V4 YA inside diam. 134” inside diam. 234” inside diam. 
Weerghitteaichin(oz\irewereie se ocecic ce, A if 1/4" inside diam. 2 ” inside diam. 3 n inside diam. 
Meee Miao 114” inside diam. 21%” inside diam. 
INO emer cate ess eats 17) ale wih UL oe 52 
SUAS Bn9, 8 Succi o INO ROTO Oo Se Re okt eee ene 14!’ 
Weight each (OZe) TEE fa, We od aS a 
Ciosn Niprie i 
RUgh 2 55 56 57 "20 
SEG. 5 0,0 aoc 6 a Oe Ea ee ly’ yy" 34” 
Weloit eaeh(Oz.) A amiids aioe ecleeeo ce Wy Wy 1 
Covuptines 
INO Scape ryt cial ckiato bode Lee, 58 5 60 
LORIE etree Se emery An isl oh arnt xc yl’ ly" 34!” 
Wietstitneachn (Oz is.) ah ce aac e cle % 1 1% 
PLue 
Nos bio sono 6 CRE DEE lt cio eee ema, tere 61 62 63 
SIGS Sa, SRM. ree a eRe, See a iy’ yr 34’ 
Wieipatwerchu(Gz.)c ...-ctnvdere latte ces 1 14% 2 Fig. a Croese cups ought to be carried in every stock 
i room. e sizes of grease cups run as follows: 000—1%” pipe 
Nos Repucine Busxrne 5 a thread; 00—1%” pipe thread; 0—1%” or 14” pipe thread. ‘The 
POM ng oe ere nde eo bp diameter of 000 is 34”. 00 is 1”; and 0 is 114”. 
5) Sa Catie GlnGr GND Gerth Sep Re ONE aie ker eRe OR 7 (4, 24 


Fig. 18. Oil cups run as follows: No. 1—1% x 32 thread, 
3g’ diameter. No. 2—5/16 x 32 thread, 7/16” diameter. 
No. 3—% x 24 thread, 14” diameter. No. 4—7/16 x 24 
thread, 9/16” diameter. 

Fig. 19. Oil cans which are in demand. 

Fig. 20. Cotter pins: An assortment of cotter pins, 34’, 1”, 
114”, 134”, and 2” lengths. 


Solderless fittings for gasoline, gas lines, used for connecting 
tubing on gasoline and oiling systems without swaging or solder- ; 
ing. They are made for 14” and 5/16” outside diameter tub- _ Fig. 21. Brass tubing: Annealed seamless brass, size 14”, 
ing; 1%” size is generally used. (1) Showing how ends are 5/16”, and 34’’, 
drawn together. (2) Check valve, straight. (3) Tapered 
female 1%” pipe, one end. (4) Nipple union, male 1%” pipe, 
one end. (5) Elbow male. (6) Elbow coupling. (7) Tee 
coupling on opposite ends, 1%” pipe thread (male) on other. 

(8) Tee angle coupling, male thread one end. (9) Tee angle 
on three ends. (10) Wlbow coupling on one end, female pipe 
thread on other. 


meet terriers 
dtiatelie 


erro rer 


Fig. 22, Armored cable: This type of cable is used in all 
high-grade wiring installations. Conductor is standard copper 
No. 16 gauge insulated with rubber and varnished fabric. 
Sherardized protecting cover on outside. Diameter, 3/16’. 


Fig. 11. Shut-off cocks. 
Fig. 12. Priming cups. 
Fig. 13. Priming cups for V-type engine. 


Figs. 23, 24. Spark and throttle ball-joints, used for connec- 
D 7 Aarti ting magneto timer levers and carburetor throttle lever, with 

Fig. 15. Rubber hose for radiators should be carried in all jeverg on steering wheel. They eliminate all lost. motion and 
stock rooms. give more perfect control. The screw end fits the timer and car- 

Fig. 16. Hose clamps are necessary. This type is the buretor lever; the tapped hole fits the connecting rod. They 
Sherman wrought brass clamp to fit radiator hose. come 25 in a box, assorted (Stevens & Co.). 
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MONEY-MAKING ADDITIONS TO THE GARAGE 


There are several departments which can be 
added to the garage, all necessary and well worth 
the investment. 


Tire department: A small or large vulcanizer for 
repairing tires. See the discussion of the subject of 
“Tires.” 


A battery charging and repair department: For 
recharging, starting, lighting, and ignition batteries. 
See ‘Storage Battery” Instruction. 

During the winter months, there is much more of such bat- 
tery recharging work brought to the garages because the cold 
weather reduces the charge-holding capacity of the storage 


batteries, while at the same time the cold engines require more 
current from the batteries to start them. 


Electric testing and repair department. See 


Index under “Electric testing and repairs.” 


Oxy-acetylene outfit: For welding and carbon 
cleaning, see index. Of course, with all this, more 
room wall be necessary, but it is surprising in how 
small a space all these departments can be carried 
on, if properly planned. - 


Carbon cleaning outfits for removing carbon. 
See Index. 


Radiator repairs. See Index. 


There is quite a profit in handling lubricating oils, 
grease, and gasoline. If possible, an equipment 
for handling these should be added. 


The car rental and towing service is something 
worth considering, and can be added in time. 


Sell Supplies 


A supply department is very remunerative, pro- 
viding the proper supplies are carried. 


It is necessary, however, to display your goods 
so that customers can see them and ask for them. 
Sales follow as a natural sequence. A very service- 
able and attractive display bin is shown in Fig. 25. 
Fireproof metal bins are of course preferable to 
wood construction, 


Ask for an illustrated booklet of the Walker Bin Co,, Penn 
Yan, N.Y. 


When the motorist drives up to your garage for gas or oil, or 
for air for his tires, give his car the quick once-over and see if 
you can’t sell him some accessories, 


DISPLAY BACK BOARD-. 


When a motorist asks for an accessory, this should suggest 
something else that you can sell him. But it is not enough to 
ask him if he wants it. You have got to tell him why he ought 


to have it. That’s what these selling arguments are for. Use 
them! 
I7 SELL CLOCK __ SPOTLIGHT 
18 SELL AMMETER atin 
1S SELL RADIATOR TANK 
OFILL 
RADIATOR THERMOMETER 


13 SELL 
BUMPER ass 
6 SELL 
SHOCK 
ABSORBER 


12 SELL NUTS 
AND GREASE CUPS 
10 INFLATE TIRES 3 FILL GREASE Cups 
Q@ ELIMINATE SQUEAKS 7 STOP RATTLES 


Fig. 26. Sales and service chart. 


Fig. 26 shows a brief list of merchandise or auto supplies, etc., 
which the garage dealer ought to sell to his customers. The 
illustration is taken from Motor World, and is intended to be 
kept in front of the dealer that he may memorize the list, 


ORPHAN CARS;! WHERE TO OBTAIN PARTS 


A list of cars no longer manufactured and where 
the parts can be obtained follows: 


Abbott: The Boneyard, Washington, Towa; Auto Salvage Co., 
1701-03 Main St., Kansas City, Mo.; Auto Salvage & Ex- 
change Co., 1317-19 Locust St., Des Moines; Iowa; Auto 
Parts Co., 4116-18 Olive St., St. Louis, Mo.; Puritan Ma- 
chine Co., 422 Lafayette Blvd., Detroit, Mich.; Standard 
Motor Parts Co., Detroit, Mich. 

Adams: Longaker Co., V. A., 448-50 N. Capitol Ave., Indian- 
apolis, Ind, 

Aerocar: Auto Gear & Parts Co., 291-93 Marietta St., Atlanta, 
Ga.; Auto Salvage & Exchange Co., 1317-19 Locust St., 
Des Moines, Iowa. 

Alco: Alco Service Co., 158-62 N. Twenty-Second St., Phila- 
delphia, Pa.; Auto Salvage Co., 1701-03 Main St., Kansas 
City, Mo.; American Locomotive Co., Providence, R.1.; 
International Motor Co., West End Ave. and 64th St., New 
York, N.Y.; Levene Motor Co., 2200-18 Diamond St. 
Philadelphia, Pa.; Puritan Machine Co., 422 Lafayette 
Blyd., Detroit, Mich, 

Alden-Sampson: Puritan Machine Co., 422 Lafayette Blvd., 
Detroit, Mich.; Standard Motor Parts Co., New Castle, Ind. 

Allis-Chalmers: Puritan Machine Co., 422 Lafayette Blvd., 
Detroit, Mich. 


Alma: Dayton Auto Parts Co., 1777 Broadway, New York, N.Y. 


Alpena: Auto Gear & Parts Co., 291-93 Marietta St., Atlanta, 
Ga.; Auto Salvage & Exchange Co., 1317-19 Locust St., 


Des Moines, Iowa; 
Blvd, Detroit, Mich. 


Alter: American Motors Parts Co., 430 N. Capitol Ave., 
Indianapolis, Ind.; Auto Gear & Parts Co., 291-93 Marietta 


St., Atlanta, Ga.; Puritan Machine CG -» 422 Laf: 
Deletes e Co afayette Blvd., 


American: American Motors Parts Co., 480 N. Capitol Ave., 
Indianapolis, Ind.; Purt Motor Car Co., W. J., Pico & Hope 
Sts., Los Angeles, Cal.; Longaker Co., V., 448-50 N. Capitol 
Ave., Indianapolis, Ind. 


American Mors: St. Louis Car Co., 8000 N. Broadway, St. 


Louis, Mo.; Wichita Auto Wreckin Co., 805-809 W. Doug- 
las Ave., Wichita, Kan. 2 


American Underslung: American Motor Parts Co., 430 N. 
Capitol Ave., Indianapolis, Ind.; Auto Gear & Parts Co., 
291-93, Marietta St., Atlanta, Ga.; Auto Salvage Co., 1701— 
G inert ae Pe ae Longauer Co., V. A., 448 

y vapitol Ave., Indianapolis, Ind.; Purit i 
422 Lafayette Blvd., Detroit, Mich," °” Machine Co., 


Ames: Auto Gear & Parts Co., 291-93 Marietta St., Atlanta, 


Ga.; Auto Salvage & Exchange Co., 1317-19 Locust St. 
Des Moines, Iowa. ‘ 


Amplex: Gillette Motors Co., Mish ka, Ind.; 
Jos. C., 354 W. Fiftieth St, New York’ NV ooTey & Co 


Puritan Machine Co., 422 Lafayette 


1 An “orphan car” is one which is no lon; i 
ger being manufac- 
tured. From Motor Age and Motor World, . % 
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Anchor: Gustin Automobile Co., 18-20 E. Mitchell Ave. 
Cincinnati, Ohio. : 


Bobnt Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
ich. 


Arbenzs Auto Gear & Parts Co., 291-93 Marietta St., Atlanta, 
a, 
ai ye Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
ich. 
Argo Electric: Puritan Machine Co., 422 Lafayette Blvd. 
Detroit, Mich. : ba iabes ie 
Atlantic: Auto Gear Co., 844 Eighth Ave., New York, N.Y. 
Puritan Machine Co., 422 Lafayette Blvd., Detroit, Mich. 
Atlas: Auto Gear & Parts Co., 291-93 Marietta St., Atlanta, 
Ga.; Auto Parts Co., 4116-18 Olive St., St. Louis, Mo.; 
Gorey & Co., Jos. C., 354 W. Fiftieth St., New York, N.Y. 
Puritan Machine Co., 422 Lafayette Blvd., Detroit, Mich. 
Byiua: Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
ich. 
Babcock: Auto Gear & Parts Co., 291-93 Marietta St., Atlanta, 
oe Dayton Auto Parts Co., 1777 Broadway, New York, 


Badger: Auto Gear & Parts Co., 291-93 Marietta St., Adowie, 
Ga.; Auto Salvage & Exchange Co., 1317-19 Locust St., 
Des Moines, Iowa; Puritan Machine Co., 422 Lafayette 
Blvd., Detroit, Mich.; Schultz & Harder, Columbus, Wis. 

eer neks Puritan Machine Co., 422 Lafayette Blvd., Detroit. 

ich, 

Bauer: Bauer Machine Co., 109 W. Eighteenth St., Kansas 
City, Mo. 

Beaver: Auto Parts Co., 4116-18 Olive St., St. Louis, Mo. 

Benham: Dayton Auto Parts Co., 1777 Broadway, New York, 
N.Y.; Gorey & Co., Jos. C., 354 W. Fiftieth St., New York, 
ako Puritan Machine Co., 422 Lafayette Blvd., Detroit, 

ich. 


peer Gorey & Co., Jos. C., 354 W. Fiftieth St., New York, 


Bergdoll: Auto Gear & Parts Co., 291-93 Marietta St., Atlanta, 
Ga.; Auto Parts Co., 4116 Olive St., St. Louis, Mo.; Gorey 
& Co., Jos. C., 354 W. Fiftieth St., New York, N.Y.; Levene 
Motor Co., 2200-18 Diamond St., Philadelphia, Pa.; Puritan 
Machine Co., 422 Lafayette Blvd., Detroit, Mich.; Schober, 
G.M., 3339 Market St., Philadelphia, Pa. 

Berkshire: Auto Gear & Parts Co., 291-93 Marietta St., 
Atlanta, Ga.; Belcher Engineering Co., 43 Ames St., Cam- 
bridge, Mass.; Dayton Auto Parts Co., 1777 Broadway, 
New York, N.Y.; Puritan Machine Co., 422 Lafayette Blvd , 
Detroit, Mich. 

Berliet: American Locomotive Co., Providence, R.I. 

Bessemer: Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
Mich. 

Bimel: American Motor Parts Co., 430 N. Capitol Ave., 
Indianapolis, Ind. 

Black Crow: Crow-Elkhart Motor Co., 1100 N. Main St., 
Elkhart, Ind. 

Blomstrom: Puritan Machine Co., 422 Lafayette Blvd., 
Detroit, Mich. 

Borland: Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
Mich. 

Briggs-Detroiter: Levene Motor Co., 2200-18 Diamond St., 
Philadelphia, Pa.; Midland Motor Co., 2029 Michigan Ave., 
Chicago, Ill.; Puritan Machine Co., 422 Lafayette Blvd., 
Detroit, Mich. 

Broc Electric: Puritan Machine Co., 422 Lafayette Blvd, 
Detroit, Mich. 

Brodesser: Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
Mich. 

Brown: Great Western Automobile Co., Kalamazoo, Mich.; 
The Bone Yard, Washington, Iowa. 

Brush: Auto Parts Co., 4116-18 Olive St., St. Louis, Mo.; 
Auto Salvage & Exchange Co., 1317-19 Locust St., Des 
Moines, Iowa; Auto Salvage Co., 1701-03 Main St., Kansas 
City, Mo.; Davidson Repair Shop, 227 W. Sixty-fourth St., 
New York, N.Y.; Puritan Machine Co., 422 Lafayette Blvd., 
Detroit, Mich.; Standard Motor Parts Co., New Castle, Ind. 

Burg: Wichita Auto Wrecking Co., 807 W. Douglas Ave., 
Wichita, Kan. 

Bush: Victor Motor Co., York, Pa. 

California: Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
Mich. 

Carhartt: Auto Gear & Parts Co., 291-93 Marietta St., Atlanta, 
Ga.; Dayton Auto Parts Co., 1777 Broadway, New Mork; 
N.Y.; Gorey & Co., Jos. C., 354 W. Fiftieth St., New York, 
N.Y.; Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
Mich. 

Car-Nation: Auto Gear & Parts Co., 291-93 Marietta St., 
Atlanta, Ga.; Car-Nation Motor Co., Detroit, Mich;. Puri- 
tan Machine Co., 422 Lafayette Blvd., Detroit, Mich.; 
Standard Motor Parts Co., Detroit, Mich. 

Cartercar: Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
Mich.; Wichita Auto Wrecking Co., 807 W. Douglas Ave., 
Wichita, Kan. | : 
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Bene. Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
ich, 


Spice Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
ich, 


Po Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
ich. 


Chadwick: Auto Salvage Co., 1701-03 Main St., Kansas City, 
Mo.; Louis Berkholz, 223 N. Fourth St., Philadelphia. Pa, 


Chase: Auto Parts Co., 4116-18 Olive St., St. Louis, Mo. 


Cinco: Auto Salvage Co., 1701-03 Main St., Kansas City, Mo.; 
Puritan Machine Co., 422 Lafayette Blvd., Detroit, Mich.; 
Queen City Auto Parts Co., 633 Main St., Cincinnati, Ohio. 


Cino: Northway Auto Parts & Sales Co., 223 Kearney St., 
Cincinnati, Ohio. 


Clark: Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
Mich,; Wichita Auto Wrecking Co., 807 W. Douglas Ave., 
Wichita, Kan. 


Clark-Carter: _Erbes, L.C., 2654 W. University Ave., St. Paul, 
Aaa Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
ich, 


Coates-Goshen: Coates, J.S., Goshen, N.Y. 


Colburn: Colburn Automobile Co., 416 E, Tenth Ave., Denver, 
mean Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
ich. 
Colby: Auto Gear Co., 1404 Hennepin Ave., Minneapolis, 
Minn.; E. V. Harper, 306 S. Federal St., Mason City, Iowa; 
Puritan Machine Co., 422 Lafayette Blvd., Detroit, Mich. 


Columbia (old): Columbia Auto Repair Co., 19 Buckingham 
St., Hartford, Conn.; Progress Auto Wrecking Co., 819 
Bedford Ave., Brooklyn, N.Y.; Standard Motor Parts Co., 
Detroit, Mich.; Standard Motor Parts Co., New Castle, Ind. 


Columbia Knight: Columbia Auto Repair Co., Hartford, 
Conn.; Standard Motor Parts Co., New Castle, Ind. 

Columbus Electric: Butler Mfg. Co., Knightstown, Ind.; 
Columbus Buggy Parts Co., Dublin Ave., Columbus, Ohio. 

Continental: Auto Parts Co., 4116 Olive St., St. Louis, Mo.; 
Continental Auto Parts Co., Knightstown, Ind.; Puritan 
Machine Co., 422 Lafayette Blvd., Detroit, Mich. 

Corbin: Barney’s Auto Parts Co., Inc., 236 W. Fiftieth St., 
New York, N.Y.; Puritan Machine Co., 422 Lafayette Blvd., 
Detroit, Mich. 

Courier: Auto Gear Parts Co., 291-93 Marietta St., Atlanta, 
Ga.; Dayton Auto Parts Co., 1777 Broadway, New York, 
N.Y.; Gorey & Co., Jos. C., 354 W. Fiftieth St., New York, 
af: Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
Mich, 

Courier-Clermont: Puritan Machine Co., 422 Lafayette Blvd., 
Peaee Mich.; Standard Motor Parts Co., New Castle, 
Ind, 


Crescent: Auto Gear & Parts Co., 291-93 Marietta St., 
Atlanta, Ga.; Puritan Machine Co., 422 Lafayette Blvd., 
Detroit, Mich.; St. Bernard Garage, St. Bernard, Ohio. 

Crow: Auto Gear & Parts Co., 291-93 Marietta St., Atlanta, 
Ga.; Barney’s Auto Parts Co., Inc., 236 W. Fiftieth St., 
New York, N.Y.; Crow-Elkhart Motor Co., 1116 N. Main 
St., Elkhart, Ind.; Progress Auto Wrecking Co., 819 Bedford 
Ave., Brooklyn, N.Y.; Puritan Machine Co., 422 Lafayette 
Blvd., Detroit, Mich. 

Croxton: Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
Mich. 

Croxton-Keeton: Auto Gear Co., 844 Highth Ave., New York, 
N.Y.; Auto Gear & Parts Co., 291-93 Marietta St. Atlanta, 
Ga.; Auto Salvage & Exchange Co., 1317-19 Locust St., 
Des Moines, Iowa; Dayton Auto Parts Co., 1777 Broadway, 
New York, N.Y.; Puritan Machine Co., 409 Lafayette Blvd.,, 
Detroit, Mich. 

Cutting: Auto Gear Co., 1404 Hennepin Ave., Minneapolis, 
Minn.; Auto Gear Co., 844 Eighth Ave., New York, N.Y.; 
Auto Gear & Parts Co., 291-93 Marietta St., Atlanta, Ga.; 
Auto Parts Co., 2801-11 Preston Ave., Houston , Tex.; 
Auto Salvage & Exchange Co , 1317 Locust St., Des Moines, 
Iowa; Erbes, L. C., 3654 W. University Ave., St. Paul, 
Minn.; Gorey & Co., Jos. C., 354 W. Fiftieth St., New York, 
N.Y.; Puritan Machine Co., 409 Lafayette Blvd., Detroit, 
Mich.; Sattler's Machine Shops & Works, 1601 Spring Gar- 
den St., Philadelphia, Pa.; Service Gear & Machine Co., 
Reading, Pa.; The Boneyard, Washington, Iowa; Wolf 
Auto Parts & Tire Co., I., 619 N. Illinois St., Indianapolis, 
Ind.; Wycoff Auto Salvage Co., Sioux City, Iowa. 

Dart: Auto Salvage Co., 1701-03 Main St., Kansas City, Mo.; 
Puritan Machine Co,, 422 Lafayette Blvd., Detroit, Mich. 

Davis: Dayton Auto Parts Co., 351-55 W. Fifty-second St., 
New York, N.Y 

Dearborn-Detroit: Huron Motor Car Co., Dearborn, Mich.; 
Puritan Machine Co., 422 Lafayette Blvd., Detroit, Mich. 

Decauville: Gorey & Co., Jos. C., 354 W. Fiftieth St., New 


York, N.Y 
De Kalb: Dayton Auto Parts Co., 1777 Broadway, New York, 
N.Y. 


De Luxe: Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
Mich. 
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Demot: Puritan Machine Co., 409 Lafayette Blvd., Detroit, 
Mich. 

De Tamble: American Motors Parts Co, Indianapolis, Ind.; 
Auto Gear Co., 844 Highth Ave., New York, N.Y.; Auto 
Gear & Parts Co., 291-93 Marietta Ave., Atlanta, Ga.; 
De Tamble Motors Co., Washington Ave., and Geisendorft 
St., Indianapolis, Ind.; Puritan Machine Co., 409 Lafayette 
Blvd., Detroit, Mich.; Shepard Auto Co., 106 Pennsylvania 
Ave., Brooklyn, N.Y. . 

Detroiter: Auto Gear & Parts Co., 291-93 Marietta Ave., 
Atlanta, Ga.; Auto Parts Co., 2801-11 Preston Ave., Hous- 
ton, Tex.; Detroiter Motor Car Co., Detroit, Mich} 
Standard Motor Parts Co., New Castle, Ind.; The Boneyard, 
Washington, Iowa; Wichita Auto Wrecking Co., 801 W. 
Douglas Ave., Wichita, Kan.; Wycoff Auto Salvage Co., 
Sioux City, Iowa. 

Diamond: Auto Gear Co., 844 Highth Ave, New York, N.Y. 


Dolson: Dayton Auto Parts Co.,, 1777 Broadway, New York, 
NOY. 


Dragon: Gorey & Co., Jos. C., 354 W. Fiftieth St., New York, 
N.Y.; Philadelphia Machine Works, 61-71 Laurel Ct., 
Philadelphia, Pa.; Puritan Machine Co., 422 Lafayette Blvd., 
Detroit, Mich, 


Drexel: Auto Auction Co., 519 W. Jackson Blyd., Chicago, II1.; 
Auto Gear & Parts Co., 291-93 Marietta Ave., Atlanta, Ga. 


Drummond: Auto Gear & Parts Co., 291-93 Marietta Ave., 
Atlanta, Ga. 5 


Dupont: Auto Gear & Parts Co, 291-93 Marietta Ave., 
Atlanta, Ga.; Victor Motor Co., York, Pa. 


Durocar: Auto Gear Co., 1044 Hennepin Ave., Minneapolis, 
Minn.; Auto Parts Co., 4116-18 Olive St., St. Louis, Mo. 


E.M.F.: Auto Parts Co., 2801-11 Preston Ave., Houston, Tex.; 
Carey & Dayis, 486 Louisiana Ave., Washington, DICs 
Gorey & Co., Jos. C., 354 W. Fiftieth St., New York, INES 
Puritan Machine Co., 409 Lafayette Blvd., Detroit, Mich.; 
Sattler’s Machine Shops & Works, 1601 Spring Garden St, 
Philadelphia, Pa.; Service Gear & Machine Co., Reading, 
Pa.; Studebaker Corp., of America, Detroit, Mich.; The 
Boneyard, Washington, Iowa. 


Edwards-Knight: Dayton Auto Parts Co., 1777 Broadway, 
New York, N.Y.; Willys-Overland, Inc., Toledo, Ohio. 


Elmore: Auto Gear Co., 844 Eighth Ave., New York, N.Y.; 
Auto Gear & Parts Co., 291-93 Marietta St., Atlanta, Ga.; 
Auto Parts Co., 4116-18 Olive S8t., St. Lonis, Mo.; Auto 
Parts Co., 2801-11 Preston Ave., Houston, Tex.; Auto Sal- 
vage Co., 1701 Main St., Kansas City, Mo.; Gorey & Co., 
Jos. C., 354 W. Fiftieth St., New York, N.Y.; Puritan Ma- 
chine Co., 409 Lafayette Blvd., Detroit, Mich.; Wolf Auto 
pars & Tire Co., I., 619 N. Illinois St., Indianapolis, 

nd. 


Empire: Auto Gear Co., 1404 Hennepin Ave., Minneapolis, 
Minn.; Auto Gear Co., 844 Highth Ave., New York, N.Y.; 
Auto Parts Co., 2801-11 Preston Ave., Houston, Tex.; 
Empire Auto Co., Indianapolis, Ind.; Sattler’s Machine 
Shops & Works, 1601 Spring Garden St., Philadelphia, Pa. ; 
The Boneyard, Washington, Iowa; Wolf Auto Parts & Tire 
Co., 1.5 619 N. Illinois St., Indianapolis, Ind. 


Enger: Auto Gear Co., 844 Highth Ave., New York, N.Y.; 
Auto Gear & Parts Co., 291-93 Marietta Ave., Atlanta, Ga.; 
American Motors Parts Co., Indianapolis, Ind.; Enger 
Motor Car Co., Indianapolis, Ind.; Erbes Motor Car Co., 
L.W., 2654 W. University Ave., St. Paul, Minn.; Wichita 
Auto Wrecking Co., 807 W. Douglas Ave , Wichita, Kan. 


Everett: Auto Gear Co., 1404 Hennepin Ave., Minneapolis, 
Minn.; Auto Gear Co., 844 Eighth Ave., New York, INVY:: 
Auto Gear & Parts Co., 291-93 Marietta Ave., Atlanta, Ga.; 
Auto Parts Co., 2801-11 Preston Ave., Houston, Tex.; Auto 
Parts Co., 4116 Olive St., St. Louis, Mo.; Dayton Auto 
Parts Co., 1777 Broadway, New York, N.Y.; Gorey & Co., 
Jos. C., 354 W. Fiftieth St., New York, N.Y.; Puritan 
Machine Co., 409 Lafayette Blvd., Detroit, Mich.; Sattler’s 
Machine Shops & Works, 1601 Spring Garden St., Philadel- 
pele, Pa.; Service Gear & Machine Co., Reading, Pa.; 

tandard Motor Parts Co., New Castle, Ind. 


Ewing: Gorey & Co., Jos. C., 354 W. Fiftieth St., New York, 
Aes Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
ich, 


F.A.L.: Auto Gear Co., 844 Wighth Ave., New York, N.Y.; 
Auto Gear & Parts Co., 291-93 Marietta Ave., Atlanta, Ga.; 
Auto Salvage Co., 1701-03 Main St., Kansas City, Mo.; 
Auto Salvage & Exchange Co., 1317 Locust St , Des Moines, 
Towa; Puritan Machine Co., 409 Lafayette Blvd., Detroit, 
Mich.; Wichita Auto Wrecking Co., 807 W. Douglas Ave., 
Wichita, Kan. i 


Falcar: Wichita Auto Wrecking Co., Wichita, Kan. 
Farmack: Auto Gear & Parts Co., Atlanta, Ga. 


Firestone Columbus: Auto Gear Co., 844 Eighth Ave., New 
York, N.Y.; Auto Parts Co., 2801 Preston Ave., Houston, 
Tex.; Columbus Buggy Parts Co., Columbus, Ohio; Wichita 
Auto Wrecking Co., 801 W. Douglas Ave., Wichita, Kan. 


Biener Auto Gear & Parts Co., 291-93 Marietta Ave., Atlanta, 
a. 
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Flanders: Auto Gear Co., 844 Highth Ave., New York, N.Y.; 
es paar Co., 2801-11 Preston Ave., Houston, Tex.; 
Auto Parts Co., 4116 Olive St., St. Louis, Mo.; Auto Salvage 
Co., Tulsa, Okla.; Dayton Auto Parts Co., 1777 Broadway, 
New York, N.Y.; Levene Motor Co., 2200-18 Diamond 
St., Philadelphia, Pa.; Puritan Machine Co., 409 Lafayette 
Blvd., Detroit, Mich.; Sattler’s Machine Shops & Works, 
1601 Spring Garden St., Philadelphia, Pa.; Service Gear & 
Machine Co., Reading, Pa.; Standard Motor Parts Co., 
New Castle, Ind.; Studebaker Corp., of America, Detroit, 
Mich.; The Boneyard, Washington, Iowa. 

Flanders Electric: Levene Motor Co., 2200 Diamond St., 
Philadelphia, Pa. 

Fuller: Jackson Auto Co., Jackson, Mich.; 
Wrecking Co., Wichita. Kan. 

Gaeth: Gaeth Motor Car Co., 2103 Lorain Ave., Cleveland, 
Ohio. 

Garford: Auto Parts Co., 2801-28 Preston Ave., Houston, 
Tex.; Auto Parts Co., 4116-18 Olive St., St. Louis, Mo.; 
Elyria Belting & Machine Co., Elyria, Ohio; Puritan 
Machine Co., 409 Lafayette Blvd., Detroit, Mich. 

G-J-G.: Grossman Auto Parts Co., White Plains, N.Y. 

Gleason: Auto Salvage Co., 1701-03 Main St., Kansas City, 
Mo.; Bauer Machine Works Co., 109 W. Eighteenth St., 
Kansas City. 

Glide: Auto Gear Co., 1401 Hennepin Ave., Minneapolis, Minn. ; 
Auto Gear Co., 844 Eighth Ave., New York, N.Y.; Auto 
Parts Co., 2801-11 Preston Ave., Houston, Tex. 

Grabowsky: Dayton Auto Parts Co., 1777 Broadway, New 
York, N.Y.: Gorey & Co., Jos. C., 354 W. Fiftieth St., 
New York, N.Y.; Puritan Machine Co., 422 Lafayette Blvd., 
Detroit, Mich. 

Gramm: Auto Salvage Co., 1701-03 Main St., Kansas City, 
Mo.; Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
Mich. 

Gramm-Logan: Garford Motor Truck Co., Wapak Rd., Lima, 
Ohio. 


Wichita Auto 


Great Eagle: Auto Salvage Co., 1701-03 Main St., Kansas 
City, Mo. 

Great Smith: Auto Salvage Co., 1701-03 Main St., Kansas 
City, Mo. 

Great Western: Auto Gear Co., 844 Eighth Ave., New York, 
N.Y.; Auto Gear & Parts Co., 291-93 Marietta Ave., 
Atlanta, Ga.; Auto Salvage & Exchange Co., 1317 Locust St., 
Des Moines, Iowa; Great Western Auto Co., Kalamazoo, 
Mich.; Puritan Machine Co., 409 Lafayette Blvd., Detroit, 
Mich.; Wichita Auto Wrecking Co., 801 W. Douglas Ave., 
Wichita, Kan.; Wolf Auto Parts & Tire Co., I., 619 N. 
Uhinois St., Indianapolis, Ind. 


Grout: Red Arrow Auto Co., E. River St., Orange, Mass. 


H.A.L.: Auto Gear & Parts Co., 291-93 Marietta Ave., 
Atlanta, Ga.; Standard Motor Parts Co., Detroit, Mich. 


Halladay: Auto Gear Co., 1404 Hennepin Ave., Minneapolis, 
Minn.; Auto Gear Co., 844 Eighth Ave., New Work, Ne: 
Auto Gear & Parts Co., 291-93 Marietta Ave., Atlanta, Ga.; 
Barley Motor Car Co., Kalamazoo, Mich.; Wichita Auto 
Wrecking Co., Wichita, Kan. 


Hatfield: Auto Gear & Parts Co., 291-93 Marietta Ave., 
Atlanta, Ga. 


Havers: Auto Gear Co., 844 Eighth Ave., New York, N.Y; 
Auto Gear & Parts Co., 291-93 Marietta Ave., Atlanta, Ga.; 
Auto Salvage & Exchange Co., 1317-19 Locust St., Des 
Moines, Iowa; Dayton Auto Parts Co., 1777 Broadway, 
New York, N.Y.; Gorey & Co., Jos. C., 354 W. Fiftieth St., 
New York, N.Y.; Puritan Machine Co., 409 Lafayette Blvd., 
Detroit, Mich.; Sattler’s Machine Shops & Works, 1601 
Spring Garden St., Philadelphia, Pa. 


Hazard: Puritan Machine Co., Detroit, Mich. 


Henderson: Auto Gear Co., 1404 Hennepin Ave., Minneapolis, 
Minn.; Auto Gear Co., 844 Highth Ave., New York, INES 
Auto Gear & Parts Co., 291-93 Marietta Ave., Atlanta, Ga.; 
Auto Parts Co., 2801-11 Preston Ave., Houston, Tex.; Auto 
Salvage Co., 1701-03 Main St., Kansas City, Mo.; Buda Co., 
Harvey, Hl.; Gorey & Co., Jos. C., 354 W. Fiftieth St., New 
York, N.Y.; Henderson Motor Car Co., Detroit, Mich.; 
Puritan Machine Co., 409 Lafayette Blvd., Detroit, Mich. 
Service Gear & Machine Co., Atlanta, Ga.; Smith Corp., 
A.O., Milwaukee, Wis.; Standard Motor Parts Co., Detroit. 


Henry: Gorey & Co., Jos. C., 354 W. Fiftieth St., New York, 
Y.; Puritan Machine Co., 422 Lafayette Blvd., Detroit. 


Hercules: Auto Gear & Parts Co., 291-93 Marietta Ave. 
Atlanta, Ga. , 


Herff-Brooks: Auto Salvage Co., 1701-03 M in SEEK 
City, Mo.; Wayne Works, Richmond, Ind. “i Bien ies 


Herreshoff: American Motors Parts Co., Indianapolis, Ind.: 
Auto Parts Co., 2801-11 Preston Ave., Houston, Mex weds 
Parts Co., 4116-18 Olive St., St. Louis, Mo.; Gorey & Co., 
Jos. C., 354 W. Fiftieth St., New York, N.Y.; Puritag 
Machine Co., 409 Lafayette Blvd., Detroit, Mich. 7 Wichita 
Auto Wrecking Co., 801 W. Douglas Ave., Wichita, Kan.; 


Wolf Auto Parts & Tire Co., I., 619 N. Illinois St. Tndian- 
apolis, Ind, ; 
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Hewitt: International Motor Co., Sixty-fourth St. & West End 
Ave., New York, N.Y. NE aa aes 


Houpt Rockwell: New Departure Mfg. Co., Bristol, Conn. 


Hudson Franklin: Boston Auto Parts Co., 1221 Dorchester 
Ave., Boston, Mass. 


Imperial: Auto Gear Co., 1404 Hennepin Ave., Minneapolis, 
Minn.; Auto Gear Co., 844 Eighth Ave., New York, N.Y.; 
Auto Gear & Parts Co., 2)1-93 Marietta St., Atlanta, Ga.; 
Erbes, L. C., 2654 W. University Ave., St. Paul, Minn.; 
Imperial Auto Part Co., Detroit, Mich.; Puritan Machine 
Co., 409 Lafayette Blvd., Detroit, Mich.; Sattler’s Machine 
Shops & Works, 1601 Spring Garden St., Philadelphia, Pa.; 
Standard Motor Parts Co., New Castle, Ind.; The Boneyard, 
Washington, Iowa. 


Pedianes Dayton Auto Parts Co., 1777 Broadway, New York, 


Inter-State: Auto Gear Co., 1404 Hennepin Ave., Minneapolis, 
Minn.; Auto Gear Co., 844 Highth Ave., New York, N.Y.; 
Auto Gear & Parts Co., 291-93 Marietta Ave., Atlanta, Ga.: 
Auto Parts Co., 2801-11 Preston Ave., Houston, Tex.; Sat- 
tler’s Machine Shops & Works, 1601 Spring Garden St., 
Philadelphia, Pa.; Standard Motor Parts Co., New Castle, 
Ind.; Wolf Auto Parts & Tire Co., 619 N. Illinois St., 
Indianapolis, Ind. 

Jackson: Auto Salvage Co., 1701-03 Main St., Kansas City, 
Mo.; Jackson Automobile Co., Jackson, Mich. 

Jeffery: Auto Parts Co., 4116-18 Olive St., St. Louis, Mo.; 
auto Salvage Co., Tulsa, Okla.; Nash Motors Co., Kenosha, 

is. 

Jenkins: Dayton Auto Parts Co., 1777 Broadway, New York, 
Rea Puritan Machine Co., 409 Lafayette Blvd., Detroit, 

ich, 

Keeton: Car-Nation Motor Car Co., Detroit, Mich.; Puritan 
Machine Co., 409 Lafayette Blvd., Detroit, Mich.; Standard 
Motor Parts Co., New Castle, Ind. 

Kermath: Puritan Machine Co., Detroit, Mich. 

Kermet: Knox Motor Co., 53 Wilbraham Rd., Springfield, 
Mass.; Keith Bros., Elkhart, Ind.; Puritan Machine Co., 
422 Lafayette Blvd., Detroit, Mich. 

Knox: Alco Service Co., 158 N. Twenty-second St., Philadel- 
phia, Pa.; Auto Parts Co., 2801-11 Preston Ave., Houston, 
Tex.; Boulevard Motor Co, 276 River St., Cambridge, 
Mass.; Knox Motors’ Association, Springfield, Mass.; Sat- 
tler’s Machine Shops & Works, 1601 Spring Garden St., 
Philadelphia, Pa.; Wolf Auto Parts & Tire Co., 619 N 
Tilinois St., Indianapolis, Ind.; Wycoff Auto Salvage Co., 
Sioux City, Iowa. 

Riche Dayton Auto Parts Co., 1777 Broadway, New York, 


Krit: Auto Gear Co , 1404 Hennepin Ave., Minneapolis, Minn. ; 
Auto Gear Co., 844 Eighth Ave., New York, N.Y.; Auto 
Gear & Parts Co., 291-93 Marietta Ave., Atlanta, Ga.; 
Auto Parts Co., 2801-11 Preston Ave., Houston, Tex.; 
Auto Parts Co., 4116-18 Olive St., St. Louis, Mo.; Auto 
Salvage Co., 1701-03 Main St., Kansas City, Mo.; Con- 
necticut Auto Parts Co., 583 Franklin Ave., Hartford, Conn.; 
Krit Motor Car Co., Detroit, Mich.; Motor Corp., 1309 
Race St, Philadelphia, Pa.; Puritan Machine Co., 409 
Lafayette Blyd., Detroit, Mich ; Sattler’s Machine Shops & 
Works, 1601 Spring Garden St., Philadelphia, Pa.; Service 
Gear & Machine Co., Reading, Pa.; Schober, G.M., 3339 
Market St., Philadelphia, Pa.; Standard Motor Parts Co., 
New Castle, Ind.; Wolf Auto Parts & Tire Co., 619 N. Illi- 
nois St., Indianapolis, Ind.; Wycoff Auto Salvage Co., 
Sioux City, Iowa; The Boneyard, Washington, Iowa. 


Lambert: Great Western Auto Co., Kalamazoo, Mich.; Lam- 
bert Auto Service Co., 430 N. Capitol Ave., Indianapolis, 
Ind.; Wichita Auto Wrecking Co., 801 W. Douglas Ave., 
Wichita, Kan. 


Lansden-Electric: Kelland Motor Car Co., 58 Elm St., 
Newark, N.J. 


Laurel: Auto Gear & Parts Co., 291-93 Marietta Ave., Atlanta, 
Ga. 


Lenox: Puritan Machine Co., 422 Lafayette Blvd., Detroit. 


Lewis: Longaker Co., V.A., 448 N. Capitol Ave., Indianapolis, 
Ind.; Puritan Machine Co., 409 Lafayette Blvd, Detroit. 


Lion: Gorey & Co., Jos. C., 354 W. Fiftieth St., New York, 
N.Y.; Levene Motor Co., 2200-08 Diamond St., Philadel- 
phia, Pa.; Lion Motor Parts Co., Philadelphia, Pa.; Puritan 
Machine Co., 409 Lafayette Blvd., Detroit, Mich. 


Lippard: Standard Motor Parts Co., Detroit, Mich. 


Little: Auto Gear Co., 1404 Hennepin Ave., Minneapolis, 
Minn.; Auto Gear Co., 844 Highth Ave., New York, N.Y.; 
Auto Gear & Parts Co., 291-93 Marietta Ave., Atlanta, Ga.; 
Auto Salvage, Tulsa, Okla.; Chevrolet Motor Co., 1764 
Broadway, New York, N.Y.; Puritan Machine Co., 409 
Lafayette Blvd., Detroit, Mich.; Wichita Auto Wrecking 
Co., 801 W. Douglas Ave., Wichita, Kan.; _Wolf Auto Parts 
& Tire Co., 619 N. Illinois St., Indianapolis, Ind. 


Logan: Gramm Motor Truck Co., Lima, Ohio. 
Longest: Longest Bros. Co., 725-29 So. Third St., Louisville, 
Ky. 


Lozier: Auto Parts Co., 2801-11 Preston Ave., Houston, Tex.; 
Gorey & Co., Jos. C., 354 W. Fiftieth St., New York, N.Y.; 
Lozier Motor Car Co., Fort and Sixth Sts., Detroit, Mich.; 
Philadelphia Machine Works, Philadelphia, Pa.; Puritan 
Machine Co., 409 Lafayette Blvd., Detroit, Mich.; Standard 
Motor Parts Co., New Castle, Ind.; Wolf Auto Parts & Tire 
Co,, 619 N. Illinois St., Indianapolis, Ind. 


Lyons-Knight: Service Gear & Machine Co., Reading, Pa.; 
we Auto Parts & Tire Co., 619 N. [linois St., Indianapolis, 
nd, 


Mictatyre: Puritan Machine Co., 409 Lafayette Blvd., Detroit, 
ich. 


Marathon: Auto Gear Co., 1404 Hennepin Ave., Minneapolis, 
Minn.; Auto Gear Co,, 844 Eighth Ave., New York N.Y.; 
Auto Gear & Parts Co., 291-93 Marietta Ave., Atlanta, Ga.; 
Auto Parts Co., 2801-11 Preston Ave., Houston, Tex.; Mara- 
thon Service Co., Nashville, Tenn.; Puritan Machine Co., 
409 Lafayette Blvd., Detroit, Mich.; Service Gear & Machine 
Co., Reading, Pa.; Wichita Auto Wrecking Co., 801 W. 
Douglas Ave., Wichita, Kan.; Wolf Auto Parts & Tire Co., 
619 N. Illinois St., Indianapolis, Ind. 


Marion: American Motors Parts Co., 430 N. Capitol Ave., 
Indianapolis, Ind.; Auto Gear Co., 1404 Hennepin Ave., 
Minneapolis, Minn.; Auto Gear Co., 844 Highth Ave., New 
York, N.Y.; Auto Gear & Parts Co., 291-93 Marietta Ave., 
Atlanta, Ga.; Automobile Mechanics Corp., 159-61 W. 
24th St., New York, N.Y.; Auto Parts Co., 2801-11 Preston 
Ave., Houston, Tex.; Auto Parts Co., 4116 Olive St., St. 
Louis, Mo.; Connecticut Auto Parts Co., 583 Franklin Ave., 
Hartford, Conn.; Dayton Auto Parts Co., 1777 Broadway, 
New York, N.Y.; Elyria Belting & Machinery Co., Elyria, 
Ohio; Gorey & Co., Jos. C., 354 W. Fiftieth St., New York, 
N.Y.; Longaker Co., V.A., 448-50 N. Capitol Ave., Indian- 
apolis, Ind.; Marion Motor Co., 2450 Michigan Ave., Chicago, 
Ml.; Puritan Machine Co., 409 Lafayette Blvd., Detroit, 
Mich.; Sattler’s Machine Shops & Works, 1601 Spring Gar- 
den St., Philadelphia, Pa.; Wolf Auto Parts & Tire Co., L., 
619 N. Illinois St., Indianapolis, Ind. 

Marion Handley: Auto Gear Co., 1404 Hennepin Ave., Minne- 
apolis, Minn.; Auto Gear & Parts Co., 291-93 Marietta Ave., 
Atlanta, Ga.; Auto Salvage & Exchange Co., 1317 Locust 
St., Des Moines, Iowa; Dayton Auto Parts Co., 1777 Broad- 
way, New York, N.Y.; Gorey & Co., Jos. C., 354 W. Fiftieth 
St., New York, N.Y. 


Mason: Auto Salvage & Exchange Co., 1317-19 Locust St., 
Des Moines, Iowa; Erbes, L. C., 2654 W. University Ave., 
St. Paul, Minn.; Longaker Co., V.A., 448-50 Capitol Ave., 
Indianapolis, Ind.;~ Mason Motor Car Co., Detroit, Mich., 
Puritan Machine Co., 409 Lafayette Blvd., Detroit, Mich.; 
Standard Motor Parts Co., New Castle, Ind.; Wichita Auto 
Wrecking Co., 801 W. Douglas Ave., Wichita, Kan. : 


Matheson: Boulevard Motor Co., 276 River St., Cambridge, 
Mass.; Matheson Co., Frank F., 694 Wyoming Ave., Wilkes- 
Barre, Pa.; Puritan Machine Co., 409 Lafayette Blvd., 
Detroit, Mich.; Service Gear & Machine Co., Reading, Pa.; 
BEG Auto Parts & Tire Co., 619 N, Illinois St., Indianapolis, 

nd. 

Maytag: Puritan Machine Co., 409 Lafayette Blvd., Detroit, 
Mich.; Wichita Auto Wrecking Co., 1801 W. Douglas Ave., 
Wichita, Kan. 

Mercedes: Connecticut Auto Parts Co., 583 Franklin Ave., 
Hartford, Conn. 


Meteor: Auto Gear Co., 844 Eighth Ave., New York, N.Y.; 
Auto Gear & Parts Co., 291-93 Marietta Ave., Atlanta, Ga.; 
Meteor Car Co., Piqua, Ohio. 


Michigan: Auto Gear Co., 1404 Hennepin Ave., Minneapolis, 
Minn.; Auto Gear Co., 844 Eighth Ave., New York, N.Y.; 
Auto Gear & Parts Co., 291-93 Marietta Ave., Atlanta, Ga.; 
Auto Parts Co., 2801-11 Preston Ave., Houston, Tex.; Buda 
Co., Harvey, Ill.; Burt Motor Car Co., W. J., Pico and Hope 
Sts., Los Angeles, Cal.; Davis, Carey A., 486 Louisiana Ave., 
Washington, D.C.; Gorey & Co., Jos. C., 354 W. Fiftieth St., 
New York, N.Y.; Michigan Motor Parts Co., Detroit, Mich.; 
Puritan Machine Co., 409 Lafayette Blvd., Detroit, Mich.; 
Service Gear & Machine Co., Reading ,Pa.; Standard Motor 
Parts Co., New Castle, Ind.; Philadelphia Machine Works, 
67 Laurel St., Philadelphia, Pa.; Wichita Auto Wrecking Co., 
Wichita, Kan.; Wycoff Auto Salvage Co., Sioux City, 
Iowa. 

Midland: Auto Gear Co., 844 Highth Ave., New York, N.Y.; 
Auto Gear & Parts Co., 291-93 Marietta Ave., Atlanta, Ga.; 
Auto Parts Co., 2801-11 Preston Ave., Houston, Tex.; 
Levene Motor Co., 2200-18 Diamond St., Philadelphia, Pa.; 
Midland Motor Co., Philadelphia, Pa.; Puritan Machine Co., 
409 Lafayette Blvd., Detroit, Mich 


Miller: Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
Mich. 


Milwaukee: Erbes, L. C., 2654 W. University Ave., St. Paul, 
Minn.; Smith A. O., Corp., Milwaukee, Wis. 


Mogul: Auto Salvage Co., 1701-03 Main St., Kansas City, Mo. 
Moline: Auto Parts Co., 4116-18 Olive St., St. Louis, Mo. 


Monarch: Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
Mich.; Wichita Auto Wrecking Co., 807 W. Douglas Ave., 


Wichita, Kan, 


686 


Mora: Philadelphia Machine Works, 61-71 Laurel St., Phila- 
delphia, Pa.; Puritan Machine Co., 409 Lafayette Blvd., 
Detroit, Mich. 

Morgan: Steele, W. M., 98-100 Beacon St., Worcester, Mass. 


Moyer: Auto Salvage & Exchange Co., 1317-19 Locust St., 
Des Moines, Iowa. 


Nance: Gorey & Co., Jos. C., 354 W. Fiftieth St., New York, 
ING 

Niagara: Auto Gear & Parts Co., 291-93 Marietta Ave., Atlanta, 
Ga, 


Northern: Puritan Machine Co., 409 Lafayette Blvd., Detroit. 
Mich. 


Northwestern: Puritan Machine Co., 422 Lafayette Blvd., 
Detroit, Mich, - 

Nyberg: Auto Gear Co., 844 Eighth Ave., New York, INDY os 
Auto Gear & Parts Co., 291-93 Marietta Ave., Atlanta, Ga.; 
Auto Parts Co., 2801-11 Preston Ave., Houston, Tex.; 
Auto Salvage & Exchange Co., 1317-19 W. Locust St., Des 
Moines, Iowa; Longaker Co., V. A., 448 N. Capitol Ave., 
Indianapolis, Ind.; Puritan Machine Co., 409 Lafayette 
Blyd., Detroit, Mich.; Wolf Auto Parts & Tire Co., I., 619 
N, Illinois St., Indianapolis, Ind. 


Ohio: Auto Gear Co., 1404 Hennepin Ave., Minneapolis, 
Minn.; Auto Gear Co., 844 Eighth Ave., New York, Neva: 
Auto Gear & Parts Co., 291-93 Marietta Ave., Atlanta, Ga.; 
Auto Parts Co., 2801-11 Preston Ave., Houston, Tex.; Auto 
Salvage; Tulsa, Okla.; Northway Auto Parts & Sales Co., 
223 Kearney St., Cincinnati, Ohio; Puritan Machine Co., 
409 Lafayette Blvd., Detroit, Mich.; Smith Corp., A. O., 
Milwaukee, Wis. 


Omaha: Dayton Auto Parts Co., 1777 Broadway, New York, 
AEG Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
ich. 


oxen: Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
ich, 


Palmer-Moore: Dayton Auto Parts Co., 1777 Broadway, New 
York, N.Y. 


Palmer-Singer: Auto Gear Co., 844 Highth Ave., New York, 
N.Y.; Auto Parts Co., 4116 Olive St., St. Louis, Mo.; Auto 
Salvage & Exchange Co., 1317-19 Locust Sc., Des Moines, 
Towa; Puritan Machine Co., 409 Lafayette Blvd., Detroit, 
Mich.; Service Gear & Machine Co., Reading, Pa.; Singer 
Motor Co., 102 West End Ave., New York, N.Y. 


Parry: Auto Gear Co., 844 Eighth Ave., New York, N-Y.; 
Auto Gear & Parts Co., 291-93 Marietta Ave., Atlanta, Ga.; 
Auto Parts Co., 2801-11 Preston Ave., Houston, Tex.; Auto 
Parts Co., 2116-18 Olive St., St. Louis, Mo.; Puritan Ma- 
chine Co., 409 Lafayette Blvd., Detroit, Mich.; Wolf Auto 
Parts & Tire Co., I., 619 N. Mlinois St., Indianapolis, Ind, 

Partin-Palmer: Auto Gear Co., 1404 Hennepin Ave., Minneap- 
olis, Minn.; Auto Gear Co., 844 Highth Ave., New York, 
N.Y.; Auto Gear & Parts Co., 291-93 Marietta Ave., 
Atlanta, Ga.; Auto Parts Co., 2801-11 Preston Ave., Hous- 
ton, Tex.; Auto Parts Co., 4116-18 Olive St., St. Louis, Mo.; 
Commonwealth Motors Co., 326 W. Madison St., Chicago, 
Ml.; Sattler’s Machine Shops & Works, 1601 Spring Garden 
me Philadelphia, Pa.; Service Gear & Machine Co., Reading, 

a. 


Pathfinder: American Motors Parts Co., Indianapolis, Ind.; 
Auto Gear Co., 844 Highth Ave., New York, N.Y.: Auto 
Gear & Parts Co., 291-93 Marietta Ave., Atlanta, Ga,; 
Auto Parts Co., 2801-11 Preston Ave., Houston, Tex.; 
Dayton Auto Parts Co., 1777 Broadway, New York, N Brig 
Pathfinder Co., 1136 Division St., Indianapolis, Ind.; Wolf 
sae Parts & Tire Co., I., 619 N. Illinois St., Indianapolis, 

nd. 


Penn: Buda Co., Harvey, Ill. 


Penn-Thirty: Puritan Machine Co., 422 Lafayette Blvd., 
Detroit, Mich. 
Pennsylvania: Central Auto Supply Co., Philadelphia, Pa.; 


Dougherty, 1845 N. 19th St., Philadelphia, Pa.; Gorey & 
Co., Jos, C., 354 W. Fiftieth St., New York, N.Y.; Puritan 
Machine Co., 422 Lafayette Blvd. , Detroit, Mich.; Stehle, 
Remy W., 1523-25 Brandywine 8t., Philadelphia, Pa. 
Pert: Puritan Machine Co., 422 Lafayette Blyd., Detroit, 
ich. 


Petrel: Filer & Stowell, Milwaukee, Wis. 


Pierce-Racine: J. I. Case T. M. Co., Racine, Wi .) Puri 
Machine Co., 409 Lafayette Blvd., Detroit, Mich, See 


Pontiac: Auto Gear & Parts Co., 291-93 Marietta Ave. 
Atlanta, Ga. ; 


Pope-Hartford: Auto Parts Co., 2801-11 Preston Ave., Hous- 
ton, Tex.; Auto Salvage Co., 1701-13 Main St., ances 
City, Mo.; Boulevard Motor Co., Cambridge, Mass.; Hart- 
ford Motor Car Co., Hartford, Conn.; Puritan Machine Co. 
409 Lafayette Blvd., Detroit, Mich.; Rosenfield, J., 521 
Sixth S8t., Boston, Mass.; Walker & Barkman Mfg.Co. 
Hartford, Conn.; Wolf-Auto Parts & Tire Co., 619 N. Illi- 
nois St., Indianapolis, Ind. 


Pope-Toledo: Auto Parts Co., Houston, Tex.; 
Parts Co., 1436 S. Wabash Ave., Chicago, IIl.; 

* Auto Parts Co., Hartford, Conn,; 
409 Lafayette Blvd., Detroit, Mich. 


Auto Salvage 
) Connecticut 
Puritan Machine Co., 


DYKE’S INSTRUCTION No. 61 


Pope-Tribune: Auto Salvage & Exchange Co., 1317 Locust 8t., 
Des Moines Iowa; Hartford Motor Car Co., 410 Main St., 
Hartford, Conn.; Puritan Machine Co., 409 Lafayette Blvd., 
Detroit, Mich.; Walker & Barkman Mfg. Co., Hartford, 
Conn, 

Poss: Auto Parts Co., 1777 Broadway, New York, N.Y. 

Pratt: Elkhart Carriage & Motor Car Co., Elkhart, Ind. 

Princess: Auto Gear & Parts Co., 291 Marietta St., Atlanta, Ga. 


Pullman: Auto Gear Co., 1404 Hennepin Ave., Minneapolis, 
Minn.; Gorey & Co., Jos. C., 354 W. Fiftieth St., New York, 
N.Y.; Levene Motor Co., 2200-18 Diamond St., Philadel- 
phia, Pa.; Pullman Motor Car Co., York, Pa. 


Queen: Auto Parts Co., 4116-18 Olive St., St. Louis, Mo.; 
Auto Salvage & Exchange Co., 1317-19 Locust St., Des 
Moines, Iowa; Gorey & Co., Jos. C., 354 W. Fiftieth St., 
New York, N.Y.; -Johns Auto Machine Works, W. H., 908 
W. Pico St., Los Angeles, Cal.; Philadelphia Machine Works, 
69-71 Laurel St., Philadelphia, Pa.; Puritan Machine Co., 
422 Lafayette Blvd., Detroit, Mich. 


Rainier: Garford Motor Truck Co., Lima, Ohio; Gramm 
Motor Truck Co., Lima, Ohio; Puritan Machine Co., 409 
Lafayette Blvd., Detroit, Mich. 


Rambler: Auto Parts Co., 2801-11 Preston Ave., Houston, 
Tex.; Auto Salvage & Exchange Co., 1317 Locust St., Des 
Moines, Iowa; Auto Salvage, Tulsa, Okla.; Nash Motors 
Co., Kenosha, Wis.; The Boneyard, Washington, Towa; 
Wolf Auto Parts & Tire Co., I., 619 N. Illinois St., Indianap- 
olis, Ind.; Wycoff Auto Salvage Co., Sioux City, Iowa. 


Randolph: DeKalb Wagon Co., DeKalb, Ill.; Puritan Machine 
Co., 422 Lafayette Blvd., Detroit, Mich. 


Rapid: Auto Parts Co., 2801 Preston Ave., Houston, Tex.; 
Puritan Machine Co., Detroit, Mich. 


Rayfield: Auto Parts Co., 4116-18 Olive St., St. Louis, Mo. 


R.C.H.: Auto Gear Co., 1404 Hennepin Ave., Minneapolis, 
Minn.; Auto Gear Co., 844 Eighth Ave., New York, N.Y.; 
Auto Gear & Parts Co., 291 Marietta St., Atlanta, Ga.; Auto 
Parts Co., 2801-11 Preston Ave., Houston, Tex.; Auto Parts 
Co., 4116-18 Olive St., St. Louis, Mo.; Gorey & Co., Jos. C., 
354 W. Fiftieth St., New York, N.Y.; Johns Auto & Machine 
Works, W. H., 908 Pico St., Los Angeles, Cal.; Philadelphia 
Machine Works, 67 Laurel St., Philadel hia, Pa.; Wolf 
Auto Parts & Tire Co., I., 619 N. Illinois St., Indianapolis, Ind. 


Read: American Motors Parts Co., 430 N. Capitol Ave., 
Indianapolis, Ind. 


Regal: Auto Gear Co., 1404 Hennepin Ave., Minneapolis, 
Minn.; Auto Gear Co., 844 Eighth Ave., New York, N.Y.; 
Auto Gear & Parts Co., 291-93 Marietta Ave., Atlanta, Ga.; 
Auto Salvage, Tulsa, Okla.; Auto Salvage & Exchange Co., 
1317 Locust St., Des Moines, Iowa; Auto Parts Co., 4116 
Olive St., St. Louis, Mo.; Auto Parts Co., 2801 Preston Ave., 
Houston, Tex.; Gorey & Co., Jos. C., 354 W. Fiftieth St., 
New York, N.Y.; Levene Motor Co., 2200-18 Diamond St 
Philadelphia, Pa.; Sattler’s Machine Shops & Works, 1601 
Spring Garden St., Philadelphia, Pa.; Service Gear & 
Machine Co, Reading, Pa.; The Boneyard, Washington, 
Iowa; Wolf Auto Parts & Tire Co., I., 619 N. Illinois St. 
Indianapolis, Ind. : 


Reliable-Dayton: Puritan Machine Co., 422 Laf. 
Detroit, Mich. See aes 


Republic: Republic Motor Car Co., Youngstown, Ohio, 


Rider-Lewis: American Motors Parts Co., 430 N. Capitol = 
Indianapolis, Ind.; Auto Parts Mfg. Co., Detrott, Mie! 
Longaker Co., V. A., 448 N. Capitol Ave., Indianapolis, Ind.: 
Puritan Machine Co., 409 Lafayette Blvd., Detroit, Mich.: 
wig Auto Wrecking Co., 801 W. Douglas Ave., Wichita, 

an, 


Ross: Auto Gear Co., 1404 Hennepin Ave., 
Minn.; Auto Gear & Parts Co., 291-93 Marietta St., Atlanta 
Ga.; Dayton Auto Parts Co., 1777 Broadway, New York. 

-Y.; Great Western Auto Co., Kalamazoo, Mich.; Levene 
Motos Cos eae Fees Philadelphia, Pa.; Puritan 
achine Co., afayette Blvd., troit, Mich.; 
Motor Parts Co., New Castle, Ind, iia ch.; Standard 

Royal Tourist: Auto Parts Co., 4116 Olive St., St. Loui ; 

Puritan Machine Co., 409 Lafayette Blvd.” Detroit Mie 


Rush: Diehl Motor Truck Works, Thirtieth and Montgomer 
Aves., Philadelphia, Pa.; Levene M tor Co,., 2 f a 
mond S8t., Philadelphia, Pa. fe ee ee 


Sampson: Standard Motor Parts Co., New Castle, Ind, 


Schacht: Auto Gear Co., 844 Eighth Ave., New York : 
Auto Gear & Parts Co., 291-93 Marietta Ave., Atlanta Gan 
Buda Co., Harvey, Ill; Puritan Machine Co., 409 Lafayette 
Blvd., Detroit, Mich.; Schacht Motor Truck ComiGaa 
Cincinnati, Ohio. a ae 


Selden: Auto Gear Co., 844 Highth Ave., New Y : 
Auto Gear & Parts Co. 291 Marietta Beane mene 
uto Parts Co., at ti by i 
ree wate reston Ave ae ex Puri- 
Sattler’s Machine Shops & Works, 1601 Spring Garden St., 


Sere ea $A Shepard Auto Co., 106 Pennsylvania Ave., 


8.G.V.: Service Gear & Machine Co., Reading, Pa, 


PARTS AND SUPPLIES 


ere 


Speedwell: Auto Gear Co., 844 Highth Ave., New York, N.Y.; 
Auto Gear & Parts Co., 291-93 Marietta St., Atlanta, Ga.; 
Auto Parts Co., 2801-*1 Preston Ave., Houston, Tex.; Green 
Engineering Co., Dayton, Ohio; Kany, A. S., 633 Homewood 
Ave., Dayton, Ohio; N orthway Auto Parts & Sales Co., 223 
Kearney St., Cincinnati, Ohio; Puritan Machine Co., 409 
Lafayette Blvd., Detroit, Mich.; Wolf Auto Parts & Tire 
Co., 619 N. Illinois St., Indianapolis, Ind. 


Sphinx: Auto Gear Co., 1404 Hennepin Ave., Minneapolis, 
Minn.; Auto Gear Co., 844 Highth Ave., New York, N.Y.; 
Auto Gear & Parts Co., 291 Marietta St., Atlanta, Ga.; 
Dayton Auto Parts Co., 1777 Broadway, New York, N.Y.; 
Sattler’s Machine Shops & Works, 1601 Spring Garden St., 
Philadelphia, Pa.; Service Gear & Machine Co., Reading, Pa. 

aederd Six: St. Louis Car Co., 8000 N. Broadway, St. Louis, 

0. 


Star: Mier Carriage & Buggy Co., Ligonier, Ind. 
States: Auto Auction Co., 519 W. Jackson Blvd., Chicago, III. 


Staver: Auto Gear Co., 1404 Hennepin Ave., Minneapolis, 
Minn.; Auto Gear Co., 844 Eighth Ave., New York, N.Y.; 
Auto Gear & Parts Co., 291 Marietta Ave., Atlanta,Ga.; 
Auto Parts Co., 2801-11 Preston Ave., Houston, Tex.; Day- 
ton Auto Parts Co., 1777 Broadway, New York, N.Y.; 
Puritan Machine Co., 409 Lafayette Blvd., Detroit, Mich.; 
The Boneyard, Washington, Iowa. 


Sterling: Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
ich. 


Stevens-Duryea: Boulevard Motor Co., 276 River St., Cam- 
bridge, Mass.; Colwell, F. C., 807-09 Race St., Philadelphia, 
Pa.; Frank Co., Paul, 2349 Michigan Ave., Chicago, IIL; 
Walk Hill Garage, 726 Walk Hill St., Mattapan, Mass. 


Stoddard-Dayton: Auto Gear Co., 844 Eighth Ave., New York, 
N.Y.; Auto Gear & Parts Co., 291 Marietta Ave., Atlanta, 
Ga.; Auto Parts Co., 2801 Preston Ave., Houston, Tex.; 
Boulevard Motor Co., 276 River St., Cambridge, Mass.; 
Dayton Auto Parts Co., 1777 Broadway, New York, N.Y.; 
Gorey & Co., Jos. C., 354 W. Fiftieth St., New York, N.Y.; 
Green Engineering Co., Dayton, Ohio; Sattler’s Machine 
Shops & Works, 1601 Spring Garden St., Philadelphia, Pa.; 
Service Gear & Machine Co., Reading, Pa.; Standard Motor 
Parts Co., New Castle, Ind.; Warshawsky & Co., 1918 S. 
State St., Chicago. Ill.; Wichita Auto Wrecking Co., 801 W. 
Douglas Ave., Wichita, Kan.; Wolf Auto Parts & Tire Co., 
I., 619 N. Illinois St., Indianapolis, Ind. 

Suburban: Dayton Auto Parts Co., 1777 Broadway, New York, 
N.Y.; Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
Mich. 

Sultan: Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
Mich,; Auto Gear & Parts Co., 291-93 Marietta St., Atlanta, 
Ga. 

Thomas: Auto Parts Co., 2801 Preston Ave., Houston, Tex.; 
Gorey & Co., Jos. C., 354 W. Fiftieth St., New York, N.Y.; 
Johns, W. H., 908-12 W. Pico St., Los Angeles, Cal.; Rosen- 
field, J., 521 Sixth St., Boston, Mass.; Thomas Motor Car 
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Co., Buffalo, N.Y.; Wolf Auto Parts & Tire Co., I., 619 N. 
Illinois St., Indianapolis, Ind. 
Thomas-Detroit: Jahns, W. H., 908-12 W. Pico St., Los Ange- 
ie are Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
ich. 


pedo: Dayton Auto Parts Co., 1777 Broadway, New York, 
Pourites Gorey & Co., Jos. C., 354 W. Fiftieth St., New York, 


Tourist: Burt Motor Car Co., W. J., Pico and Hope Sts., Los 
Angeles, Cal. 

Traveler: Single Center Buggy Co., Fifth and Locust Sts., 
Evansville, Ind. 

Trumbull: Levene Motor Co., 2200-18 Diamond St., Phila- 
delphia, Pa; Puritan Machine Co., 422 Lafayette Blvd., 
Detroit, Mich. 

Victor: Auto Gear & Parts Co., 291-93 Marietta St., Atlanta, Ga 

Virginian: Auto Salvage & Exchange Co., 1317-19 Locust St., 
Des Moines, Iowa. 

Vulcan: Savage Arms Corp., Sharon, Pa. 


Wagenhall: Puritan Machine Co., 422 Lafayette, 
Detroit, Mich. 


Welt ae omien Machine Co., 422 Lafayette Blvd., Detroit, 

ich. 

Warren: Davis, Carey A., 486 Louisiana Ave., Washington, 
D.C.; Dayton Auto Parts Co., 1777 Broadway, New York, 
N.Y.; Gorey & Co., Jos. C., 354 W. Fiftieth St., New York, 
Ae Puritan Machine Co., 422 Lafayette Blvd., Detroit, 

ich, 

Washington: Davis, Carey A., 486 Louisiana Ave., Washing- 
ton, D.C 

Waverly Electric: Longaker Co., V. A., 448-50 N. Capitol 
Ave., Indianapolis, Ind. 

Wayne: Auto Salvage Co., 1701-03 Main St., Kansas City, 
Moe Puritan Machine Co., 422 Lafayette Blvd., Detroit, 

ich. 

Welch-Detroit: Auto Salvage & Exchange Co., 1317-19 Locust 
St., Des Moines, Iowa; Puritan Machine Co., 422 Lafayette 
Blvd., Detroit, Mich. 

Welch-Pontiac: Puritan Machine Co., 422 Lafayette Blvd., 
Detroit, Mich. 

Whiting: Chevrolet Motor Co., 1764 Broadway, New York, 
N.Y.; Chevrolet Motor Co. of N.Y., Tarrytown, N.Y.; 
Puritan Machine Co., 422 Lafayette Blvd., Detroit, Mich. 

Woods-Modilette: Fohrman-Leterstone Co., 1808 S. State St., 
Chicago, Ill. 

Yale: Puritan Machine Co., 422 Lafayette Blvd., Detroit, 
Mich. 

Zimmerman: Auto Gear & Parts Co., 291-93 Marietta St., 
Atlanta, Ga.; Auto Salvage & Exchange Co., 1317-19 Locust 
St., Des Moines, Iowa. 


Blvd., 


AUTOMOBILE SUPPLY JOBBERS 


The concerns mentioned below are members of the Auto- 
motive Equipment Association. If you are a dealer doing 
repair work, send for catalog of firm nearest to you. 


Alabama 
Johnson Tire & Auto Co..............+..- Montgomery 
Arizona 
Motor SUPPLY. 15. eerste ele = Phoenix 
Arkansas 
Tt. Smith Auto Supply Go... -)---.0.«- 9 Fort Smith 
California 
California Auto Supply Co............0005 Stockton 
Campbell-Collins Co........-+........--- San Jose | 
Ghanslor diilayjon Co. .ciaieotstottieieie hele ei San Francisco 
Electric) Appliance Co. .:.°...+.-..:..--- San Francisco 
AG Heatherstoness cic sitereinor sewers nie = =i Los Angeles 
TES UNA, Giabar OY} so oie. cm Ou eO Otho DOO San Diego 
ilanidelron omen amt erectieer tine sais eret: Fresno 
AcamballWpsont©o..e-s07 oo tsetse 2 Sacramento 
McCoy Motor Supply Co..............--- San Francisco 
Motor Hardware & Equipment Co......... San Diego 
James S. Remick Co., In.......... eth sie Sacramento 
Waterhouse & Lester Co............++++:- San Francisco 
Weinstock-Nichols Co............++.2+-+> San Francisco 
Western Rubber & Supply Co............. Los Angeles 
Colorado 
Auto Equipment Co...........---5----05> Denver 


Denver Auto Goods Co.. 
Foster Auto Supply Co.. 
General Auto Supply Co 


Denver 


Hendrie & Bolthoff Mfg. & Supply Co...... Denver 


Motor Accessory & Tire Co............... Pueblo 

Quinn & McGill Motor Supply Co......... Denver 

B, K. Sweeney EPlectrical Co... ......+.--. Denver 
Connecticut 


New Haven 


Horton-Gallo-Creamer Co 
.. New Haven 


C. 8S. Mersick & Co.......... 


Post eemluestert@ Ome aisteietciietal mio leyarele ape Hartford 
District of Columbia 

Chasmitubelde' Cosenpecier tram wana ietiaserers Washington 

Rudolph & West Co......-00ceeseescesles Washington 
Florida 

G. Norman Baughman Co...........-.... Tampa — 

Consolidated Grocery Co.......-.++.++.5+ Jacksonville 

G@MWa Greene Colne nne ses eae errr Tampa 

Wholesale Auto Supply House............ Tampa 
Georgia 

Alexander Seewald Co..........+e-eeesees Atlanta 

Wa God ya one tales tek cele etenete tal sieve Columbus 

INAS EN Ol) con oda Abou OOUOOCOUCOL Macon 
Illinois 

Automobile Supply Co......-+-.+sseseeee Chicago 


Chicago Auto Equipment Co....... . Chicago 


Chicago Automobile Supply House. . . .Chicago 
B. B. Collins Co..........-- Bae aeaeee Danville 
Electric Appliance Co.....-.++-++eeeee ee Chicago 
Graham-Seltzer Co.......0+2esscereeeeeee Peoria, 

Hine-Watt Mfg. Co..... epoka acta Memon CHICALO 


E.D. Tirsballt' Go... otediessansseas-n-0chieago 
Motor Car Supply Co......+eseeeveeeess Cnicago 
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National Electric & Auto Supply Co....... Peoria 
SheridankAmtiolsupplyi©owe ae ae eee Chicago 
Universal Automotive Supply Co.......... Chicago 
Washington Auto Supply Co.............. Washington 
Indiana 
TOMONG RAC Om PRE eae cnn ee ee Fort Wayne 
OrrMrondCo7y..2o eae eee. Oe, 0 ie ede. Evansville 
Terre Haute Automobile Co., Inc.......... Terre Haute 
MN Ge ler Conan Whi wise, selene: Indianapolis 


Iowa 
Cedar Rapids Pump & Supply Co. ' 


SICOU@ OMS cin Shc tock 
Wana Warnock Co, Ince. a 045.5...., 


...,Cedar Rapids 


.-...Burlington 


...-Des Moines 
....Dubuque 
.... Oskaloosa 
...-Des Moines 
...-Des Moines 
....Dubuque 
....Waterloo 
.... Sioux City 
....Davenport 
-« « S1oux, City: 


Auto Supply Coke ons YS Ree ae eee Hutchinson 
ohnson Bros. Auto Supply Co............ Wichita 
IMotorWgiuipmentiCo:-4) 0 ae). se Wichita 
Shatvuck-GeorgelO©o, 1. sees 5s 5.2 ee. Wichita 
Southwick Auto Supply Co............... Topeka 
Watson, Weldon Motor Supply Co........ Salina 
Kentucky 
Andrews Cowan & Co., Inc................ Louisville 
Vousville Auto Supply ©o...2.....).02... Louisville 
ipeasleesGaulvert| oun wie 5. aes . Louisville 
Robinson Bros @our ann aes einen Louisville 
Louisiana 
ilectriesAppliamce Gone. se.) ee ne, New Orleans 
Interstate Mlectric Cou... fes.5.5.-0 5...) New Orleans 
ShulersAuto Supplya@owswee.. i) lee New Orleans 
Maine 
itheWeames\ Bailey oss ase ss) ase, Portland 
arrears Browli@on Uncle snes ee nnn os Portland 
Maryland 
ZATLLONSUD Dy, ©.0 eee ene an eee Baltimore 
Massachusetts 
Pleven Gronlcine | Cor. We aeane ean mee Worcester 
American Motor Equipment Co....%...... Boston 
Automotive Equipment Co............... Worcester 
ButisicnOncdwavi Go, yet ats ant Boston 
MinscottsSupply©o\ae99. esa eee Boston 
ala bell Waters) Conn en is ann el Springfield 
Wetmore-Savage Co,....,..2./....00..0, Boston 
Michigan 
Automobile Supply Co................... Detroit 
BeckerpAniton@ouny casa ens nek, Grand Rapids 
Bowman-Gould Co.) 65500). 0 we Detroit 
Cumingesrovhers senesced see. Flint 
General Sales Co. . . ao .. Detroit 


ee -Grand Rapids 


Grand Rapids 


Minnesota 
Duluth Auto Supply Go:................. Duluth 
Minneapolis Iron Store Co............. | Minneapolis 
Nicole Deanld|Gresey 1.0 nau seen. St. Paul 
INelnlingwdel hiss, Chane, 2 ou oc.e0oc.. 0. Minneapolis 
On Ua Sand MCC Cosy ih ooabaane as cue St. Paul 
Western Motor Supply Co........... 11)! Minneapolis 
Williams Hardware Co. . . .Minneapolis 
Missouri 

Ayers-Farmer Auto rwnoiahy Clos. oo nccauany. St. Joseph 
Beck & Corbitt Iron Co.................. St. Louis 
Bonniwell-Calvin Iron Co...,......1) 1) || Kansas City 
Fred Campbell Auto Supply Co... 1.717 "| st. Louis 

inte (Sloiwth omens Clk o sbeg i nanenac... 0... Kansas City 
Geller, Ward & Hasner Hardware Co...... St. Louis 
Holthaus Saddlery & Auto Supplies Co.....St. Louis 
‘Aansas City Automobile SUpply©ow nny Kansas City 
SLO Seth Compme. au, cos Snweea eee Kansas City 
Ozark Motor Supply Co.........17 0227777 Springfield 
The Straus Coy 5) Rooms o ORLe Oru St. Louis 


Montana 
Northwestern Auto Supply Co............ Billings 

Nebraska 
W. MsDutton’& Sons Con. asset eee eee Hastings 
J: ED Haney: de Sons. 2 see ee eee Omaha 
Master'Sales(Con sore oie cee eee Omaha 
Nebraska-Buick Auto-Co................. Lincoln 
Powell Supply @o,.semr Tad ens See Omaha 
Western Automobile Supply Co. . em Oman 

New Jersey 
Automotive Equipment Co............... Newark 
Economy Auto Supply Co................ Newark 
Hlin vAutoySupplyaC@ oun epeiine <n eee Newark 

New York 
Ahulbnors| VesuvGlnray So pow Ado odode nanocooe Brooklyn 
Chapin-Owen Cows. eee hon oe Rochester 
Davis Brown Bilectric Cols. oe seen thaca 
Epler er Gaon te as Puck eevee ee Brooklyn 
Lowe-Motor Supplyi@o2.. 2 sos. e eee none n New York 
Martin=Hvang! Conant sees ean Brooklyn 
Those a. tNorkbiwarys Wine). a ees Rochester 
Onondaga Auto Supply Cos..7.-. 5.00.00) Syracuse 
W. E. Pruden Hardware Co..............New York 
Wiel wRowerdinlerds| Son's aa eee Rochester 
Straussi@ou Joss ine: eee eee Buffalo 
Utica Cycle:& Supply Goss. 205. one Utica s 
Whittemore-Sim Co.,Inc.................. New York 

North Carolina 
Carolinas Auto Supply House............ Charlotte 
Ko-Mo Supply, Co. Ines, 2.) waa oe Charlotte 
North Dakota 
Je, Ws GrantConncrret ashe eae eee Fargo 
Ohio 

C&D: Auto Sapply Cols. ae eee Cincinnati 
Dayton\ Trond Steal! Colsee ae ee Dayton 
Dine-DeWees (Coser san ae eee Canton 
Griswold-Sohll (Cony sea keene Columbus 
Justis @ Parker Cows 0) ase anna Columbus 
IM. GIN (Conch cee een iC eee Cleveland 
Ohio Rubber Co... .... erie eae. GA as Cincinnati 
Pennsylvania Rubber & Supply Co........Cleveland 
Bhilectricl Covel hee ee Cleveland 
Roberts-Toledo Auto Co,............... Toledo 
G.W.Shrayerds Coro). lanes a nl Dayton 
Loledol Rubber!Cos.n tee ae eee Toledo 
Union Supply Cotgas cn sae ene Toledo 
Worle SapphyiC ots tein eee Greenville 


Oklahoma 


J. B. Burwell Supply Co............. 
Southern Motor Supplyi@oeue saa 


Oklahoma City 
Oklahoma City 


Severin Tire & Supply Co.......)1//777! Oklahoma City 
R. V. Smith Supply Co........, »+.......Oklahoma City 
Oregon 
Ballouids/Wirighit eae eee ee Portland 
Bi Jed@ronin' Coe aime ae ei enn Portland 
Lhe Wigetos: Com inca. sie aes! Portland 
Pennsylvania 
Berrodin Rubber Co.................... Philadelphi 
Cahall Motor Supply Co... 0007 Philadelbhis 
Front Market Motor Supply/Co. 0s ee Harrisburg 
Gaul, Derr & Shearer Co.........00577 7" Philadelphia 
General Auto STAC Goon Godnonace . Lancaster 
Jackson Motor Supply(Co senna an Pittsburgh 
Johnstown Automobile Co... 021177 Johnstown 
Lansing Broglngco. ae, o.co0. seen, Seranton 
Manufacturers Supplics| Comga. see a Philadelphia 
JH. McCullough & Son... Philadelphia 
Motor Accessories Co..... 122/220 7007 777 Allentown 
Geo. W. Nock, Inc. , POU ES Hor An hon wane Philadelphia 
Pittsburgh Auto Higuipment Con sss ae on Pittsburgh 
H. C. Roberts Electrical Supply. Coane Philadelphia 
Rhode Island 
Goodby-Rankin Co.0 |"), 0) Providence 
Miller, Tno.s cisco Providence 
Providence Auto Equipment Co........._. Providence 
Waite Auto Bupply Co. 2 7. casceeaen amie Providence 
South Carolina 
D. W. Alderman, Jr., Inc... . 2. ++<-.-...,Mlorence 


C. D. Franke & Co., Ine 


rots suaineod gan's Charleston 


PARTS AND SUPPLIES: HOME GARAGE 


South Dakota 


Wheubrowselli@orpsrerw an weenna scree: Sioux Falls 
Spaulding Supply (Convers onsets. Aberdeen 
Tennessee 
OzborneAbstomidseCor., wiser. seo ee acl: Memphis 
Southern Auto Supply Co................Chattanooga 
Texas 
Archenhold Automobile Supply Co........ Waco 
Borderland Auto Supply Co.............- El Paso 
Electric Appliance Co.................---Dallas 
auipment (Coy of Mexas cys. 2. eae ces Ft. Worth 
Ferris-Dunlap Auto Supply Co............ Dallas 
ierani=sSaddlery,©oven. 25. 02 sensed] - San Antonio 


Fans JObNSemels nimi. cme. cle ee Dallas 


McCauley-Ward Motor Supply Co Waco 
Miller oe LEWC! ANS. Pen Oro ORC cao coro cnc oatorG Waco 
Roper, EHarris:t Dunn'Coy.......--.+-.-- Greenville 
Southern Hquipment-Co............-.-+> San Antonio 
MNES PEMCEPMO Od sini a.) worse te aie ote einye ele wigs Dallas 
Texas Auto Supply Co.............--.-- Ft. Worth 
Tri-State Accessories Corp..........-+.-: El Paso 
Utah 

G@apitaleblectriciC Ome wosicgeic ts ees ia es ee Salt Lake City 
Inter-Mountain Electric Co.............-Salt Lake City 
MMotor Mercantile Co. jAa.teae. isan ders ersten Salt Lake City 
Salt Lake Hardware Co............-<..-Salt Lake City 

Virginia 
Benton-Bailey Co., Ime)... 1.5.2 sms ee ese: Richmond 
Benge Crump) Conlin. eerie Richmond 
aeedindsaya inca ene eerie. Ruchmond. 
Mendows-Price Co., Inc... 2.1. seen Roanoke 
Owens-\lerritt! Cor Um. ccse Gcdetabislc cusrse Danville 
Piedmont Hardware Co............-...--Danville 
Malmanm Auto Supply: COs) plete sr + elvis Richmond 
BY). Laylor & Co:, Inc.c. ... . cade « 2 Richmond 


The home garage shown in Fig. 27 is designed for housing 
one machine, and to give a little space about it so that a person 
can clean the exterior of the automobile and do small repairs. 


Fig. 27 


The first thing to be considered is the foundation, or base, 
which is made of concrete (Fig. 28). The earth should be 
excavated for a depth of 6 inches, and to the exact dimensions 
given for the floor plan. The hole is then filled with cinders, 
well tamped in and leveled on top. A frame, about 4 inches 
high, is built up of cheap lumber, so that the space within 
measures 12 ft. wide and 16 ft. long, except at the double-door 


ee Fa in 
SLL CONSTRUCTION 
Fig. 28 


opening where a sloping runway is formed for the easy entrance 
of the automobile. A 2-inch layer of concrete—a mixture of 
1 part cement, 2 parts sand, and 4 parts gravel, or crushed 
stone—is placed on top of the cinders, and a neat mixture of 
cement and sand, 14 inch thick, is placed on the concrete and 
made perfectly level. When putting in the concrete, V-inch 
bolts, about 5 inches long, are set in the edge with the threaded 
end extended about 3 inches above the upper surface of the 
cement, and in line with the center of the 2 by 4 inch timber 
used as a sill. The detail of this construction is shown in the 
sketch. About four of these bolts should be set on each side, 
three on the end, and one on each side of the double doors. 
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Washington 
Child, Day & Churchill, Inc.............-Spokane 
Reynolds & Reynolds..................- Tacoma 
Whiton Hardware Go.................-- seattle 
West Virginia 
ERP abilst GiSom Cows tete sais re onret Parkersburg 
De eitubehissont dso. eel eee Wheeling 
Williams Hardware'Co......5...6.---.055 Clarksburg 
Wisconsin 
Clemons Auto Supply Ora tees cee te eu, Claire’ 
Phillip Gross Hardware Co.............. Milwaukee 
Shadbolt & Boyd Iron Oe nates Pence cadens Milwaukee 
Wisconsin Auto Supply Co...............Wausau 
Canada 
Bowman Bros., Ltd... . . Saskatoon 


Montreal, Que. 
. Calgary, Alberta 


Canadian Fairbanks-Morse Co., idee 
The, Chapini'Cos itd crete ea arene 


Guten & HNostene etd). santero? Toronto, Ontario 
RAG dscombe Co. Litdiy ntact cere London, Ontario 
Ludger Gravel & Fils..................-Montreal, Que. 
Ebyslop dBrosw ltd ye 5). md niet sete d etter eeteeatat tee Toronto, Ontario 
Independent Electric Co., Ltd............Regina, Sask. 
Keyes supply Cot, td aa. eye ree Ottawa, Ontario. 
amiontapies, Tutidiinr ale eretiseeie enn eau Montreal, Que. 
John Millen. & Son, Titd oon ass 25 nate Montreal, Que. 
Motor Car Supply Co., Litd........:....<.- Calgary, Alb. 

H. W. Petrie of Montreal, Ltd............. Montreal, Que. 


Other auto supply jobbers are: Western Auto Supply 
Agency, Los Angeles, Cal., San Francisco, Cal., Denver, Colo., 
Seattle, Wash. Kansas City, Mo., Dallas, Tex., Phoenix, 
eer St. Paul, Minn; National Auto Supply Co., Chicago, 


16" 


Fig. 29. Floor plan, showing the location of the sills, studs, 
and corner posts on the concrete floor. 


The corner posts and studs are cut so that their length, 
together with the thickness of the sill and the two pieces for 
the plate, will measure 8 feet. This is the proper length to 
cut the boards without waste from standard lengths of lumber. 
After raising the corner posts and studs, and nailing the plate 
pieces on top, the siding boards are nailed on vertically to the 
plate and sill, and the battens are nailed over the joints. 


Fig. 30. End elevation, showing the rafter construction 
and the finishing facia boards on the eaves, 
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The rafters are built up in a manner similar to that used on 
large garages now so popular. Hach one, or each pair, consists 
of a cross-piece that rests on top of the plates at the sides and 
is notched at the ends, to receive the ends of the convex rafter 
pieces. The pattern for one of these pieces, with dimensions, is 
shown in the drawing (Fig. 31). After the three main parts 
are fitted to form one rafter across the building, they are 
fastened together with short pieces of boards, which can be cut 
from scrap. The rafters are set on the plates 16 inches apart 
from center to center. 


Fig. 31. Pattern layout for the rafter pieces and the finish- 
ing facia boards for the eaves at the ends. 


The sheathing boards are nailed to the curved edges of the 
rafters lengthwise, and as the material list calls for boards 12 
feet long, one and one-half lengths will cover the rafters and 
allow 1 foot projection at each end for the eave. The facia 
boards are cut on a curve in the same manner as the rafter 
pieces, and the under side is cut as shown in the detail, so as to 
make a neat-appearing connection to the end of the frieze 
boards. Straight facia boards are fastened on the eaves, at 
the sides, in the same manner, and a frieze board is nailed to 
the under side, the ends being finished, as shown in the detail 


drawing (Fig. 31). 
Prepared roofing is fastened to the sheathing in the usual 


manner, beginning the layers at the eave and finishing in the 
center, allowing the center piece to overlap on both sides. 


The windows consist of four single casements, two being 
placed on each side. These can be of any size to suit the 
builder, and can be bought from a mill ready to be set into the 
openings cut for them. 


The doors can be made up of the same material as that used 
for the siding and battened together, or, if a more elaborate door 
is desired, they can be purchased at a reasonable price, paneled 
and with a glass in the upper part. If paneled doors are used, 
18 boards can be deducted from the siding-material list. The 
double doors will require fastenings at the center, and, in 
placing the concrete floor, a keeper should be set in the surface 
cement for the foot latch. The upper keeper can be attached 
to the end rafter cross-piece. The usual hardware is necessary 
for the small door at the opposite end. 
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Material List 
CONCRETE FLOORS 


2.2. cu. yd. sand. 
4.3. cu. yd. gravel. 


2 bbls. cement. 
4.5. cu. yd. cinders. 


SILLS, PLATES, AND STUDS 


6 pieces, 16 ft. long, 2 by 4 in. 
4 pieces, 12 ft. long, 2 by 4 in. 
20 pieces, 8 ft. long, 2 by 4 in. 


SIDING 


90 boards, 8 ft. long, 7 by 8 in. 
90 battens, 8 ft. long. 


RAFTERS 


10 boards, 14 ft. long, 7% by 8 in. 
10 boards, 14 ft. long, 74 by 4 in. 


ROOFING 


Enough sheathing boards, 12 ft. long to cover 260 sq. ft. 
Enough prepared roofing to cover 260 sq. ft. 


WINDOWS 
4 single casements. 


FINISHING PIECES 


2 frieze boards, 18 ft. long, 7%’ by 1 ft. 
2 facia boards, 18 ft. long, 74” by 4 in. 
4 facia boards, 8 ft. long, 7%” by 1 ft. 
8 corner boards, 8 ft. long, 74” by 4 in. 
6 door-facing boards, 8 ft. long, KR’ by 4 in. 


HARDWARE 
1 pair of door hinges. 
1 door lock. 
3 pairs of heavy door hinges. 
1 foot latch. 
1 upper latch. 
1 large door lock. 
10 Ib. 20-penny nails. 
20 lb. 8-penny nails. 
10 bolts, with double washers, 14” by 5 in, 


A garage built up in this manner and well painted will last 
for years, and if it becomes necessary to move it, nothing will 
be lost except the concrete floor, as the building can be lifted 
from the bolts and taken away bodily. (Popular Mechanics.) 


INSTRUCTION No. 62 
THE REPAIR SHOP OR SERVICE STATION, and Its Equipment 


EQUIPMENT FOR A SERVICE STATION 


The repair shop can be incorporated as a part of 
the garage business, or as a separate enterprise. 
Where only repairing is done and supplies are sold 
with no storage, it is termed a service station. 


The 10 h.p. electric motor shown in the layout 
(Fig. 2) is designed to run at 1,800 r.p.m. This 
will give the line shafting a speed of 400 r.p.m. 
With a 20” pulley on the shaft to drive the grinder, 
the latter will run at 2,000 r.p.m., which is about 
4,000 ft. per minute surface speed for an emery 
wheel 7’”” in diameter. 


The service station is divided into departments 
as shown in Fig. 1. 


+E MPPSENCHi cs kg 2 «Sinema 
[=| TRACK” SHOP 


ae et ete e 2 an nen = 2 nn ne er errr 


j WASH : 
4 APR } J 
Ly ; 
: ELECTRICAL. TIRE 
* — JREPAIRING REP 
3 Sg SSS = Perey Eee papal ee 


Illustrates the layout for arranging a one-floor salesroom, supply department, store room, office, machine shop, tire 


Fig. 1. 
repair, and electrical repair department as suggested in Motor Age. 


Measurements are 60 ft. wide and 150 ft. long. 
Note the “drive in” and ‘‘drive out,”’ also the track 
for the chain hoist to lift the engine from the frame 
to the work bench. Note further the space parti- 
tioned off for electrical repairing, tire repairing, and 
battery charging. 


RUNNING AND 
BURNING INS 
INACHINE 


NS 3 


APoRIABLE 
PARTS BENCH 


Fig. 2. Layout of the machine shop equipment as shown in Bi 
(A) line shaft 114”; (Al) 32”; (A2) 207; (A3) 7”; (A4) 10”; (A 
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The air compressor driven by an individual elec- 
tric motor instead of from the line shaft is shown in 
Fig. 2. The first cost of a 2 h.p. electric motor 
required to drive the compressor will be a little more, 
but we believe this will be absorbed in the saving of 
current. Furthermore, there is the advantage of 


The names of the parts are lettered. Pulley dimensions: 


ig. 1. : 
5) 14” ; (A6) 20”; electric motor, 8”; grinder pulley 4”. 
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i 90.00 
i i i i Weldingvappara cus tantesistr tert tee 
automatic starting and stopping, which cannot be Anvil. tt eee ean 13.00 
done when the outfit is driven from the line shaft.  4;7 Gomtipeeon Gini. .....+.---.---.......... - 247.00 
A service station needs compressed air all the time, Asp rind eee Fees, 
but it is ae On ee keep a 10 or 15 h.p. motor apies stand 9 iG fk seid Wenokete o oo 
ing just for the air line. Overhead track, siwith braekersul ise) sas .ee : 
ae Overhead carrier/and hoist -.2e eee eee aoe eee 
. Valve lathe.” |.-Gytim, ecleeaoc ene eee ee aon 
Machine Tools and Equipment of Shop Shown Connecting-rod Figs a, oh ee pee nae a 30.00 
i i istOn: ViSei.at Lek pe ees Oa ne eee A 
ai pee Bae Crank-shaftistraishtener. «| eis eee Beans 
Line shaft, 30 ft. long, 114” dia................... $ 11.00 Bench arbor.pressw teh eine eae eee vie 
Adjustable hangers....................., re 20:40. ‘Cleaning tanlcAs vans) eee ee ee sont 
Electric motor, 10 h.p. Lathe countershaft, included sag Ihatee’ press: seis yee en eee 3 
BOLI CKN ey orakeome corte. Ais ha, Wn aa oso lesen eie Mah oe 335. — 
Burning rae machine with fittings....... wee ta Rotal 2 Pisa He. Scere eee $2,687.65 
Drill press, 14’ gag ore Bie Serb. RCO oad o eee On oieere : é ; approsiinate ‘Galy. SW, Gee 
ne: SENSE SNORE J fe oc mice ; : cc Sain Bee Ole Ill., or the Continental Auto 
aineeeere copia Aone ee” S10e sn Saag 70.00 Parts Co., Columbus, Ind., or to any of the auto supply jobbers 
Hoteas” ns 3 el IO NG De ee 2 AE 27.00 for catalogs, if interested. 
3 IGINCH PULLEY ENN 


soot 'ZINCH PULLEY 


ane HANGER i 


“INCH COLD Di LJ 

— ROLLED STEEL 
LINE SHAFT. 

| SPEED 200 RPM. 


41NCH BELT 


—— 


HIGH SPEED FOR 
BRASS. LOW SPEED 
FOR HEAVY CUTTING 


PULLEY GRINDER 20 INCH SUPERIOR 


SENSIT Powe Ww 
ORILL PRESS ORILL PRESS na 


Fig. 3. Layout for driving machinery of a small shop. Note that either an electric motor or gasoline engine can be used. 


ANOTHER MACHINERY EQUIPMENT FOR A SMALL SHOP 


In Fig. 3 we have laid out a standard line of and divide the product by the revolutions of the driver; the 
machinery suitable for a machine shop. “The Ime _ Toten’ wil, give, the diatieres Be Ee 
shaft is arranged in a straight line, whereas in close To find the diameter of the driven, the revolutions of the 


' i 5 Enh driven, also diameter and revolutions of the driver being given: 
quarters it may be necessary to place two line shafts. Multiply the diameter of the driver by its revolutions, and 


: : 5 4 divide the product by the revolutions of the driven; the quo- 
Although a gasoline engine and an electric motor tient will give the diameter of the driven. 


for power are both illustrated, only one is necessary; To find the revolutions of the driver, the diameter and 
both are shown in order to explain the method for revolutions of the driven, also the diameter of the driver being 
belting if one or the other is used. The electric given ea oe ea Cer ie ives piyts fovelutions 
SF : eee anc divide the product by the diameter o e driver; the 

fk usually placed on the ceiling, or on a post quotient will give the revolutions of the driver. 

0) all, ° . 

To find the revolutions of the driven, the diameter and 
The gasoline engine ought to be equipped with a revolutions of the driver, also the diameter of the driven being 


rt tae a : S given: Multiply the diameter of the driver by its revolutions 
clutch in the drive pulley or in the pulley on the and divide the product by the diameter of the driven; the 
line shaft. quotient will give the revolutions of the driven 


The same rules may be applied to gearing by using the 


Approximate Prices number of teeth instead of the diameter. See also page 624. 
do0 7 superior drill press. ..<. fue uh... Oates... $ 60.00 Dd D2 
Se Uns SLO ala eet ee MARNE gh 234.00 
1—emery stand with two 6 x 1 WIREGLSES csc, rests ae 5.30 
1—sensitive drill press for small WORT ey tracy eee eee 60.00 
1—Marvel No. 1, Power-shopisawan aa ee wi) 15.00 
25 ft. line shafting and 4 drop hangers and belting.... 50.00 a 
Compressed-air outfit, belt driven from line shaft... _. 43.75 DRIVE PULLEY DRIVEN PULLEY 
We will assume eae the me ery is rented from the 
electric company. f not, add about 100 for the electric D1 <TR Do R2 
motor or gasoline engine. Di So Re Roe D2. 
For a large shop an 18” swing, by 12 ft. lathe, is best. $400.00 DP) 6 1) SS gel So D1. 
Reh ee Se ea, 
: j 1 represents diameter of driver. 
To Find Diameter of Pulleys D2 represents diameter of driven. 
, ; ; Rl represents revolutions of driver 
To find the diameter of the driver, the diameter of the driven i Hfrdricant 
and its revolutions, and also the revolutions of the driver being R2 represents revolutions of driven. 


given: Multiply the diameter of the driven by its revolutions, Fig. 4 


REPAIR SHOP OR SERVICE STATION EQUIPMENT 
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MISCELLANEOUS MACHINERY, TOOLS, ETC. 


The machinery equipment, together with a list 
of machinery necessary for a large or small shop, is 
given in the matter preceding. 


Equipment for a fairly large shop in which almost 
any work can be done is shown on page 691. 


Equipment for a smaller shop in which all average 
- work can be done is shown on page 692. 


An air compressor outfit is important. The air 
pump could be operated from the line shaft, but if 
In active use it would be best to run it: from a 
separate electric motor. See Index under “Air 
compressors.”’ 


The battery charging outfit could consist of a 
motor-generator set. See Index. 


For a still smaller shop, a Tungar or other type 
rectifier could be used instead of a motor-generator 
set, together with testing outfits for storage-battery 
work. Electrical testing instruments of smaller 
size costing less money, will suffice where there is 
not very much work to be done. 


The cost of the tire repair outfit could also be 
reduced by obtaining a smaller outfit, as suggested 
in the discussion on the tire repair subject. 


Power to run the machinery may be a gasoline 
engine or an electric motor. The electric motor is 
more convenient, and can, in many cities, be rented 
from the electric company. 


Work benches should always be placed next to 
windows where there is light. Such a bench should 
measure at least 8 or 10 feet long, height about 3 
feet, and width 2 ft. 6 in. and be made of 2-in. thick, 
well-seasoned pine, or, better, birch. 


ite 7 sted ap 


Fig. 5. The Manley portable work bench, or floating repair 
shop. In repair shops the stationary benches are built along 
the wall, and are docated at considerable distance from the 
ear upon which work is being done. This necessitates many 
steps, consuming time and tne energy of the workman, all of 
which is saved by placing the bench at the car. Manley port- 
able work benches are of a substantial construction, with hard- 
wood top, steel drawer, shelf partitions of seasoned wood, 
roller-bearing casters, and provision is made for locking wheels. 
Made in two sizes. (Manley Mfg. Co., York, Pa.) 


Lathes 


The choice of a lathe depends upon the amount 
of work and kind of work one proposes doing. If 
equipment is desired capable of making repairs on 
axles, axle housings, and fly wheels, then a 16-in. 
swing 8 ft. bed lathe would be recommended. 


1 ‘How to Run a Lathe” and “First-Year Lathe Work” are 
two 64-page pamphlets, fully illustrated, which will be sup- 
plied to readers of this book for 10c. each. Address South 
Bend Lathe Works, South Bend, Ind., and mention the fact 
that you have this book. See advertisements of various lathes 
in the back of this book. 


_A smaller lathe for work on bearing bushings, 
pins, grinding piston pins and bolts, a lathe with a 
4 ft. bed and 6 in. swing is required. 


Fig. 6 


Fig. 7 


Fig. 6. Gap-bed lathe. The distinguishing feature of this 
lathe is that the guides near the lathe head are cut away, 
thereby increasing considerably the size of the swing, without 
increasing the other dimensions. It is possible to handle much 
larger work with this style than could be handled on the regular 
type of the same dimensions. 


Fig. 7. A shaft-straightening press. While this press is 
made mainly for straightening shafts, it is applicable for axle 
straightening as well. A tremendous power can be brought to 
bear by the action of the long lever and heavy screw. A section 
of perfectly true shafting is centered bewteen the adjustable 
tail stocks and is used as a guide or measuring point as the 
shaft is being straightened. 


Socket Wrete 
Lathe Tol 
<a Holdere 


Vig. 8 


Lathe tools: 5’, 3-jaw geared scroll chuck; socket 


Fig. 8. 
wrench 34, 10”, and 5’; lathe tool holders 4”, to be used 


with 14” lathe; “drill chuck with Nos. 1 and 2 arbor to hold 
drills up to 14’’; lathe dogs, 14’, 1’, 114” each. 


Drill Press 


A large drill press, of back-geared type, with a 
16” table, for work such as reaming cylinders, drill- 
ing holes in frames, ete. will be required. 


Fig. 9. A back-geared drill press. The advantage of the 
back-gear feature is obvious, as it is often very desirable to 
reverse the direction of rotation of a drill. 


A sensitive drill press for light work, such as 
drilling cotter-pin holes, small shafts and rods, such 
as those on the steering device, timer, etc., is very 
necessary. 

Some of the manufacturers of drill presses are: Barnes Drill 
Co., Rockford, Ill.; W. P. Davis Co., Rochester, N.Y.; Cham- 
pion Blower and Forge Co., Lancaster, Pa.; Canedy-Otto 
Mfg. Co.. Chicago Heights, Ill. 


Portable electric drills are very handy for drilling 
holes in frames for attaching shock absorbers, horns, 
mufflers, etc. See page 700. 
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Power Hack-Saw 


Power hack-saws are used for cutting all kinds of 
metal. They are made self-feeding with an auto- 
matic stop. 


Fig. 10. This power hack-saw is especially designed and 
built for garage service. It is small enough to mount on a 
bench, if desired. It has a cutting capacity up to 4” x 4”. 
It is well built, is equipped with an automatic stop, using.a 9’ 
blade, and has all the features of the highest priced power 
hack-saw. (Manley Mfg. Co., York, Pa.) 


Manufacturers are: The Manley Mfg. Co., York, Pa.; 
West Haven Mfg. Co., New Haven, Conn.; Millers Falls Co., 
Millers Falls, Mass.; Goodell Pratt Co., Greenfield, Mass. 


Chain Hoist 


The chain hoist can be secured in capacities of 
from 14 to 1 ton, suitable for general automobile 
work. ‘The lift varies from 6 ft. for the 14-ton, 7 ft. 
for the 14-ton, and 8 ft. for the 1-ton capacity. 


Manufacturers are: Edwin Harrington Sons & Co., Phila- 
delphia, Pa.; Wright Mfg. Co., Lisboro, Ohio. 


Emery Wheels and Stand 


The emery wheel is used principally for finishing 
up tool work, taking off metal, and also for buffing 
and. polishing brass parts. ‘Two emery wheels, No. 
40 and No. 60 grade at least, should be secured, and 
also cloth buffers for polishing. 


Fig. 11 


Fig. 12 


Fig. 11. A portable electric drill. 


mea, al One of the handiest 
devices in the shop. See also page 700. 


Fig. 12. A portable electric buffing machine, 


A very compact electric emery wheel and buffer is made by 
the LeBron Electric Works, Omaha, Neb. 
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Machines for Cylinder Work 


For cylinder enlarging work, a grinder, boring 
machine, or reamer is used. See Index for ‘‘Cylin- 
der grinding.” 

Concerns manufacturing cylinder reboring ma- 
chines and tools are: Storm Mfg. Co., Minneapolis, 
Minn.; Barnes Drill Co., Rockford, Ill.; South 
Bend Lathe Works, South Bend, Ind.; Sunderland 
Machine Shops, Omaha, Neb. 


Fig. 13 


Fig. 13. Acylinder reaming machine for enlarging cylinders. 
The reamer is built up with inserted blades and fitted with a 
No. 4 Morse taper shank. It can be used in any ordinary drill 
press which is geared down to run about 30 r.p.m. 


The use of cylinder grinders for grinding cylinders to enlarge 
them instead of boring or reaming, is considered the best prac- 
tice. See Index. The Heald Machine Co., Worcester, Mass., 
manufactures grinding machines, and also issues a very instruc- 
tive catalog on the subject. 


Blacksmith Equipment 


Almost every shop needs some sort of a blacksmith 
equipment, even though it is only a small outfit, as 
shown below. 


If a forge which burns coke or coal is used, it 
should be under a separate roof or piped, so that the 
smoke will pass outside. Gas is used quite exten- 
sively for heating purposes. Supplies of this nature 
can be secured of automobile supply houses. 


Fig. 14. 


] Blacksmith equipment: a (asp) 
forge with 12” fan, 25” x 36” hearth; (C) post. drill; (D) drills 


(A) anvil, 100 Ib.: 


4" to 34’; _(E) screw plate set; (F) blacksmith vise; (H - 
lip tongs; (K) flat wrenches; (L) 3-lb. hecnee Wang es 


INSTRUCTION No. 63 
SMALL TOOLS FOR THE SHOP: Wrenches, Flat and Socket Type; S.A.E. 


Cap Screw and Bolt Sizes; U.S. 


Standard Bolt Sizes; Tap and Die 


Sets; Portable Electric Drills; Electric Bench Grinder 


Some of the necessary small tools are shown on 
this and the pages following.!. Farther on, explana- 
tions are given as to the use of small tools. These 
can be secured of automobile supply houses. 


Fig. 1. (1) screwdriver; (2) soldering iron; (3) hack-saw; 
(4) chisels; (5) center punch; (6) straight shank drill (for 
hand and breast drill) ;, (7) taper shank drill (for drill press) ; 
(8) reamer; (9) gas pliers; (10) cutting pliers; (11) tinners 


shears. 


Plain 
: calipers. 

Fig. 2. . Hammers: (A) machinist’s ball pein; (B) riveting; 
(C) tinner’s riveting; (D) rawhide mallet; (E) engineer’s hand 
hammer; (F) blacksmith’s hand hammer; (G) blacksmith’s 


sledge. 
Fig. 3. Stillson pipe wrench. 
Fig. 4. Monkey wrench. 
Fig. 5. Adjustable flat wrench. 


Cape Chisel 


Sold Punch 


Fig. 6. A center punch is used to punch center marks in 
metal parts to be drilled, giving the drill a center to start in, 
and for reference marking, etc. 


Chisels are made in many forms. The most popular is the 
cold chisel which is used for cutting metals. A cape chisel is 
the next most popular, and is used for cutting key ways and 
working in narrow grooves, channels, etc. 


The diamond point chisel is used mostly for grooving in close 
places where a cape chisel could not be used. 


Other popular chisels are round nose or gouge, used for cut- 
ting oil grooves in bearings and chipping out broken bolts or 
pipe threads from fittings. An assortment of small chisels and 
punches is shown in the illustration. 


1The Webster Magnet Light is indispensable when night 
repair work around a car is necessary. It consists of a 4 ¢.p. 
light with reflector and 12 feet of cord which permits reaching 
any part of the car. The plug is inserted in the dash light 
socket. The main feature of this light is that it will ‘‘stick 
where stuck.”’ It will hold tenaciously to any iron or steel 
surface, curved or flat, on fenders, axle housing, or engine. It 
exerts a pull of 3 lbs. and operates from the battery. Manufac- 
tured by the Webster Electric Co., Racine, Wis.; price $2.50. 


Fig. 8 


Fig. 7. Set of straight shank drills for hand, b 
bench drill—from No. 1 to 60. See Index under Mog teed 
ill sizes. 


patie. 8. Lap oad aol ra for average small work, such as 

amps, speedometers, horns, etc. Tap sizes are 2/56/’- 
4/40”; 6/32”, and 10/32’, with drills to match, See fest 
under ‘How to read marks on drills.” 


BREAST DRILL RENCH DRILL 


Fig. 9. Three types of hand-drilling machi 
above, intended for light work, pinageeeac se 


Fig. 10. Showing a method of applying pressure to an 
ordinary hand drill. The hand drill is attached to a bar, as 
shown. The bar is hinged to the wall. 


ee 4 

Fig. 11. Vise. Note that the swivel-base 4” or 6” jaw is 

generally used for average small work. A larger vise is also 
necessary. 
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List of Small Tools and Approximate Prices as Suggested 
by ‘Motor Age.’ 


Wrenches Price Price 
18” pipe wrench...... $ 2.10 Ballpein, 2Ib. ...... $ 1.40 
12/ pipe wrench...... 1.60 Blacksmith’s sledge, 

6” pipe wrench...... WLS WIN, 5 aesano dale 3.60 
18” monkey ayrenoh a oe Blacksmith’s, 41lb..... 1.20 
12’ monkey wrench . . 45 ; 

6’ monkey wrench... .95 ’ Screwdrivers 
Set double-end Small jeweler’s ...... $ 0.40 

S-wrenches........ 2.30 6 blade sen yeas 85 
Set 15° doubleend.... 2.45 LOM bladetewwmm nce 1.20 
Spark-plug socket... . -60 2'% Wladle vey erence were 1:75 
Ratchet-handle Off sete wrens cure. .80 

socket set wp ttseess 24.00 T-handle, large 2.30 
Adjustable 6’ ‘ 

ead Wwienchis deen: 1.00 Bench Equipment 
Adjustable 8” Small bench anvil... .$ 3.60 

end wrench........ 1.20 Swen AE, oa sanocne 17.00 
Narrow-jaw monkey Medium pipe vise.... 3.70 

WLENCH tas fs .85 purtace plate. «eee 5.40 
Set speedwrenches.... 7.00 Mace clamps... in 

: EGET Sco conogon : 

Files Surface gage ........ 2.50 
12” bastard cut, flat...$ 0.56. Straightedge ........ 4,20 
12” bastard cut, half Sertbers ae waa: 3.65 

ROUNG aoe 75 ; 

10” Posted cut, round 45 Chisels 
10” bastard cut, square .52 er eee 0.35 
10” bastard cut, three coe Been Pac et $ 25 

cornered........... 50  Cape,small ....... “20 

Si second cut, flat. . 40 Chipping, large Fs “40 

8 peoond cut, half 50 Chipping, medium. By 

OU oOo gon oR tp de : Chipping, small...... .20 

8” finishing cut, flat. . 40 Round nose, large . “40 

8” finishing cut, half Round nose, medium.  .35 

round............- -52 Round nose, small .. .25 

8” finishing cut, three Cotter pin puller. .... 15 

cornered Spe a.com 38 Diamond point, large . 40 

8” finishing cut, Diamond point, 

Jat tail........2... -70 GHEE. no enen 30 

6" finishing, flat..... .36 Diamond point, small .20 
File for contact points  .20 Center punch, large “45 
File brush and handles 1.30 Genter punch, media 30 

Measuring Tools ante eet emall .20 
24” carpenters’ square# 2.30 34'"by 16ths 2 2.40 
oe machinists equare 3.80 a ais Mama es aa ; 
arpenter’s 2 ft.rule.. 45 iers 
Machinist’s12in.scale 1.95 mbit ober 
Machinist’s 6in.scale .95 Combination Sees $ 1.50 
Machinist’s 2in.scale  .40 Combination 6 ss22++ 1.30 
Combination protrac- Piston ring expanding. 1.15 
torand square, 18in. 6.85 Side-cutting, parallel 
Spud level meee: 85 JAWS eee eee 1.40 
Thread gage......... 2.90 Cotterspinkeeem eerie 1.10 
Thickness gage....... 2.65 


Small and large Miscellaneous Tools 


external calipers 3.40 Wheel and gear pullers$ 18.00 
Small and large Valve spring lifter.... 2.00 
internal calipers ... 3.40 Breast drill, two-speed 11.50 
Small and medium Valve seat reamer set. 70.00 
spring dividers..... 2.75 Soldering copper, large 2.75 
Friction joint dividers, Soldering copper, small 1.00 
LEWES. 8 Si Onn oat 90 Gasoline blow torch... 6.00 
Internal micrometer Hand drill, small... .. 2.50 
and extensions..... 10.60 Beltipunch ts) a. cae .60 
Micrometer, 3”......, 16.90 Hacksaw frame and 
Micrometer, 2”...... VO\25 bladesee... cover 2,50 
Micrometer, 1’”...... 10.40 eae hand vise...... 3.50 
Oilstonememnre anne 2.50 
; Shears Three bearing 
Tinner’ssnips. ..... $ 1.40 SCIADCIS. . 5.2.0.4. 1.85 
Heavy shears........ 2.10 Three carbonscrapers, 1.10 
Bolt/cutters 0, .! 2.00 Hoe LISTS rere 85 
F xasket cutter........ 13.50 
f Hammers Portable electric drill 
Rawhide mallet...... $ 1.65 and valve grinding 
Lead hammer mold . 2.10 attachment ....... 110.00 
Straight pein, 4 0z.... 65 Piston ring compressor A5 
Ball pein, %4 lb. ..... .80 
Ballpein, i tbs), 22.5: 1.00 NOME teres yl ee $487.89 


Open-End Flat Wrenches 


Probably the most abused, the least considered, 
and yet the most indispensable tool in the kit of the 
mechanic is the wrench, the solid open-ended 
wrench, known to the British mechanician as the 
“fixed spanner,” and known in the United States as 
the ‘‘machinist’s”’ wrench. 


Of the many kinds of wrenches, the cheapest, 
strongest, most efficient, and most durable is the 
open-end wrench. This style of wrench varies in 
quality and price in the following order: gray iron 
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” Fig. 14 


Fig. 12. The popular ‘‘S’’-wrench. 

Fig. 13. Engineer’s single-end wrench. 

Fig. 14. Double-head engineer’s wrench, machinist’s type. 
Fig. 15. Socket-type wrench, with bent handle. 


castings, malleable iron castings, sheet steel stamped, 
and steel drop forgings. The drop-forged wrench is 
superior. See illustrations for proper name of the 
popular type of open-end wrenches. 


Open-end wrenches are used on cap screws, bolt 
heads, and nuts. 

They may be divided into two general classes: 
the U. S. S., and S. A. E. The only difference 
between them is the width of opening between the 
jaws. 


A standard wrench for a 19” U.S. 8. bolt will not 
fita 14” S. A. E. cap screw, and vice versa. 


The S. A. E. wrenches are usually of the ‘‘cap- 
screw size” and the U.S. S. wrenches are of the 
“U.S. S. bolt and nut size.”” The Tables 1 and 2 
explain this, and also give the various sizes for auto- 
mobile work. The head is always larger on a U.S. 
S. bolt than on a cap screw. 


Markings: Wrenches are usually marked with 
the size on each end. They are also marked with 
the manufacturer’s number; this number is an 
indication of its size (see Tables 1 and 2). 


Explanation of Tables 1 and 2 


The first columns in each table give the trade number of 
Williams wrenches, and those sizes marked (*) are those most 
used for auto work. See Tables 1 and 2. 


The second columns in each table give the actual diameters 
of the body of the bolts and cap screws. 


The third columns in each table give the milled (or actual) 
opening size of the wrench at each end, and are the sizes 
suitable for the heads and nuts, with allowance for an easy fit. 


Table r 
Num.|_ For U.S. Openings 
ber {Standard Nuts Milled 
Size Bolts 
21 1/8& 3/16 5/16 & 13/32 
22 1/8 & 04 Nake 
o23 | 3/16 & 1/4 13/32 & 1/2 
24 | 3/16 & 5/16 | 13/32&19/32 
25 1/4 & 5/16 1/2 & 19/32 
26 | 1/4& 3/8 | 1/2 &11/16 
©27 | 5/16 & 3/8 19/32&11/16 
28 | 5/16 & 7/16} 19/32 & 25/32 
@29 3/8 & 7/16] 11/16&25/32 
30 | 3/8& 1/2 11/16&7/8° 
Sl | 7/16 & 1/2 ae 
@32 | 7/16&9/16|] 25/32 & 31/32 
oe 33 1/2 & 9/16 7/8 & 31/32 
34 1/2 & 5/8 7/8 &1 1/16 
35 ones 5/8 | 31/32&1 Ve 
36 | 9/16 & 3/4 31/32&1 1/4 
37 5/8 & 3/4 |) 1/16&1 174 
@38 | 5/8&7/8 11 1/16&1 7/16 
39 3/4 & 7/8 |i Un &A 6 
40 3/4& 1 11/4 &1 5/8 
4l 7/8 & A — [L 7/16& 1 5/8 
42 | 7/8 & 11/811 7/16&113/16 
NAR YS ta 
48 11/8& 047/41 13/1682 


SMALL TOOLS FOR THE SHOP 


Probably the most universally used wrench is 
the Williams wrench. See notes at foot of Table 2. 

To find the size of wrench to fit an S. A. E. cap- 
screw head, consult Tables 3 and 2. 

To find the size of wrench to fit a standard bolt 


and nut, see Table 4, and refer to Tables 1 and 2 for 
additional information. 


Table 2 
For Hexagon 
Head 
Num- | Cap Screws; Openings, 
ber Diameter Milled 
: Screws 
* 924 1/8 & 3/16| 5/16 & 3/8 
722 1/8 & 1/4 | 5/16 & 7/16 
723 3/16 & 1/4 3/8 & 7/16 
723A | 3/16 & 5/16| 3/8 & 1/2 
725 1/4 & 5/16) 7/16 & 1/2 
* 725A 1 1/4 & 3/8 | 7/16 & 9/16 
* 725B | 5/16 & 3/8 1/2 & 9/16 
726 {5/16 &7/16| 1/2 & 5/8 
727 3/8 & 7/1G| 9/16 & 5/8 
728 3/8 & 1/2 9/16 & 3/4 
* 729 17/16 & 1/2 5/8 & 3/4 
730 7/16 & 9/16) 5/8 & 13/16 
731 1/2 &9/16| 3/4 & 13/6 
= T31A 1/2 & 5/8 3/4 & 7/8 
731B | 9/16 &.5/8 |13/16 & 7/8 
732 19/16 & 3/4 13/16 & 1 
5/8 & 3/4 7/8 & ¥ 
734 5/8 & 7/8 7/8 & 1 1/8 
735 | 3/4&7/8 1&1 1/8 
736 3/4 & I 1&1 1/4 
* 737 | 7/8 &1 11/8 & 1 1/4 
738 7/8 & 1 9/8|1 1/8-& 1 3/8 
739 4 & 11/81 1/4 & 1 3/8 
739A 1&11/4|1 1/4 & 1: 1/2 
739B |1 1/8 & 1 1/4)1 3/8 & 1 1/2 


The foregoing list is Williams double-head open-end wrench. 
Nos. 21 to 45 will fit U. S. standard nuts and bolt heads. 
Nos. 721 to 739B will fit cap-screw heads (U. S. or 8. A. E.). 


S. A. E. Cap-Serew and Bolt Sizes 


Table 3 gives the diameter of cap screw (D); threads per 
inch (P); thickness of head (Al); diameter across flats of nut 
or head—where wrench fits (B); size of drilled hole for cotter 
pin for castellated nut (E); depth of slot in head (I); width of 
slot (K); diameter of cotter pin (d). The diameter of bolts and 


cap screws is one one-thousandth of an inch less than the 
nominal diameter. 


B=REFERS TO ALL'NUTS AND 
BCREW HEADS 

D= DIAMETER OF SCREW 

d= DIAMETER OF COTTER PIN p= pitcr OF THREAD 
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U.S. Standard Bolt Size: Head and Nut 


Table 4 gives (first column) diameter of bolt or screw; 
(second column) threads per inch; (third column) diameter 
across head; (fourth column) size of hole in thousandths of an 
inch; (fifth column) size drill to use for tapping hole (see page 


Mill means the ‘milled size’’ of head of screw or bolt or the 
opening in an open-end wrench. 


Diameter~}| Threads : t Size 
3 = - 
te 18 ; 


% ‘16 
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Fig. 16. Walden’s No. 100 thin wrench set for close places, 
check nuts, ete. Sizes are: 1; 14; 34; 56; 9/16”; lo”; 
7/16; 34’; 3/16’; and 14” (actual width of opening; Walden 
Co., Worcester, Mass., or automobile supply jobbers). 


Fig. 17 


Fig. 17. Williams spark-plug wrench: No, 993, socket end 
fits 14’ and 14” spark plug with 7%” hex. and 19” U.S. stand- 
ard nut. The open end fits a 34 S. A. E. nut or screw and a 
34” U. 8. 8. cap screw (9/16 actual opening). No. 994 size, 
socket end, fits spark plugs with 1’ hex. Open end is 7% 
actual opening. (J. H. Williams Co., Brooklyn, N.Y. 


S. A. E. spark-plug shell dimensions are given elsewhere; 
see Index. 


S. A. E. spark plugs are all 7-18, meaning that the outside 
diameter is 7’, and there are 18 threads to the inch. See 
page 235 for difference in spark-plug threads and explanation 
of spark-plug sizes. Gaskets must be used with the 8. A. E. 
spark plugs. ‘ 


A 1%’ S. A. E. spark plug requires a special tap cutting 18 
threads, whereas the standard 8. A. E. 7% thread is 14 threads 
to the inch. g 
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BIG TEN No. 10 


Fig. 18. Williams ‘‘Big 10” wrench assortment for general 
automobile work. Note the sizes in the table (Table 5). 
This is a recommended assortment taken from the list in 
Tables 1 and 2. The St. Louis Machinist’s Supply Co., St. 


Louis, Mo., carries a full line of these wrenches, as do other 
supply houses. 


fs ney Wel Wy Val GDA ony TIC 
EXTRA CAPACITY" GARAGE, ETC.,(See Table) SET, ‘‘BIQ TEN,"’ No.t9 


U.S. Nuts (U.S. CapSes) sap. ]A.L.A.M. 
Dia. Bolts |Dia. Screws} Standard | Standard | Openings | Uo-|Seml aa 
No, |6mall)Large|SmalijLarge] Nuts and | Nuts and -Milled fins | fin- shea 
Head] Head! Head] Head| Cap Screws |Cap Screws| ished ished aE 
1 | 1/8 |— 17® |3/16 1/4. 5/16&3/8 ,$.12/$ 17|$ 26 
731 Iayh6 1/4 4 S/t6 pie SAO 13/32&1/2 -14] 21] .32 
25A 1/4 {3/8 | 1/4&3/8 3/8 = 7/1689/16 | 217] .25) 138 
27 |S/16 [3/8 3 WA 19/32&11/16 | 21} .31] .46 
9 , }Z/1G|L/2 |7/16&i/2 4 1/2 Te -25] .37] .S6 
931B 1/2 {9/16 5/8 9/16 9/16 13/16&7/8 30] .45] .68 
} 3217/16 |9/16 25/32&31732 | .37] .55| .85 
I, ig [ree [U4 | RR MoLsreRtIeS| I NeEE aa | 2) deh as 
733 5/8 78 > _| 3/481 t 11/1681 7/16 1:00]1 40]1 90 
flo, f0o|Set List Price of Roll, $.60 extra 3 59/5 2217.66 


Table 5 


Socket Wrenches 
Probably the handiest wrench to use for all nut 
and bolt work about a car is the socket wrench. 


Socket wrenches are made with handles attached 
(Fig. 19), and in sets or singly, to which a ratchet 
lever is fitted (Fig. 20). 


Socket Wrenches with Handles Attached 


There are a number of different makes of wrenches 
of this type. The Walden Co., Worcester, Mass., 
manufactures a very extensive line. The wrenches 
can be purchased in sets or singly. 


ens4 

trian rig are 
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Fig 19. The Walden socket-wrench set showing some of 
the diferent shaped handles which are designed for reaching 
nuts on certain parts of an engine or car, For example, the 
set shown is fora Ford. No. 2178 wrench is designed to reach 
the clutch release; No. 5810 is for the connecting rod; No. 
2720 is for the brake shoe; No. 2418 is for the clutch lever, and 
soon, Sets such as the one shown are made for all parts of 
Ford, Chevrolet, Overland 4, Maxwell, and other cars. Can 
be sesured of automobile supply houses, or the manufac- 
turers, the Walden Co., Worcester, Mass. 
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Ford Socket Wrenches with Handles 


The list below gives the Walden number of the 
socket wrench designed for each different part of a 
Ford, as itemized. The wrenches are designed to 
fit the nuts on the parts mentioned. 


Front Axle 
Ball socket), care awtere ce ccd ee ee 6018-2418 
Front radius: rod 3+ 928 oe ae Oe ee ee 5660 
Pront spring ‘clip a ae aeenae ee eee 2418 
iKrontispring Han ter 1. o ae eee enn 5660 
Hront. spring perch pana. sia eeen a rete ae ee 5660 
Spindle boltic.tSkasenr ane eee hee ree eae 5660 
Spindle boliinuts...5.s ene eee ee ee 2418 
Spindlécconuectineyrod nye eee ee 5660 
Steering yoke clamp) wie mere Meee nae ee 2418 
Rear Axle 
Axle housing}. eter tan ee ee ee 6064-1620 
Brake-shoesupportmn san eile tien ee ee 1620-2418 
Differentialicase =.) <5 we) vscisid cesta tes ee 2418 
Differential driveigear,. + ..,24002. 00s anaeseaee 1620-6064 
Drive-shaft rolleribearing. 5 --\.01: ae see eae 2720-1620 


Rear, wheelivojlaralce)driza avers een aerd aeee See 5660 
Engine 

Carburetor flange 

(on cars without self-starter)..................... -1018 
Commutator-case support..................... 6018-2718 
Commutator-case support 

(on*earg with self-starter). .......5....+2:..4.., 6020-2720 
Connecting rodins: jpee. ace sae ae eee 1020-5810 
Crane CasOcay Aint tack eis See Oe che 6018-2718 
Grank-case arta yf 5 6. ie nuySe ee ne ne ae 2418 
Crank-case lower cover. 2.20. 08eu...5 45,008. 1620-6064 
Crani=shaft| hearinixeneyel any isi sees sean 1881-2418 
Cylinder.coverse jana Pica atric CROSS crt 6018-2718 
Cylinder cover 

(on cars with’self-starter). ................+.5 6020-2720 


Cylinder thea dina dss ayy neaiech ae tpi 6020-1020-1620 


Cylinder-valwe cov erties onl ne ae nnn ena 1018 
Raniadjustmentian cic scare. Aen eee nena 6018-2718 
Ban bracketityg sis sic. aiercaxter eke Grn ee) ee gee eee 2418 
Flywheel: tiioiaietele cor hoa ae eee ee ae a 3822 
Inlet and exhaust clamp.............. aut abereieh gd OL md 1S: 
Manet 2 iatrachaceo cotta ero eRe ee 6018-2718 
NOOR soporte Thon er tect teens wee 6020-1621 
Piston-pin looking screw. ....S.....s0....., ll eees,, 1880 
Radiator support.............e+0.0+- 02.1, 271822418 
Vaaliviea is ols cictvtrech «cis aes OILS eg VG-2 VG-3 
Warten cyl cunleticonn seca aera 1020-1620 
Water ieyl, outlet conn. samqeas Wanye. oe eae 1620 


Steering Assembly 


Btceribge-post bradkeb is. oie ses oe eae ana 2418 
Steering-tube fangs. 4c. tech cane ak ba 6064 
Transmission 
Brake adjustmonts..<0ide Bhos weot ek. kale eee 4564 
Brake and reverse SUDDONG ote skeveatiwe iste hems | Se 2418 
Clutoh-pedal snpport..t. act Se sislth oc Aue ease TS 
Controller shaft, bracket. 0%... .... ccc l snes ec RAIS 
Hub brake-rod support iis Giwdicntare 68 keene Soman 1620 
Reverse! adjustment),/<% duct Sanisiiociaen nae ee 4564 
Transmission covers cgeneeee “uate arth eee 018 
Universal ball¥ce plac) seri span Seemann 1018-2718-2418 
Miscellaneous 

Body brackets iss. sch Nona eee hie as 

Dash bracket to-dagh se 0.) i owasds ke 1620-6064 
Front tender Iron. «acme tose ttf ee ee ee 241 
Mu Ba SMe OIO MDG ClOldn Oho BOOS Hon Sclotve bao be, 1620-6064 
Running board tq :in. vce nec tiaeey Re waa aed 1881 
Running’ board to'fender a. decade Rk Lee ees 


Walden No. 23 Garage Service Set 


The No. 23 garage service set is especially adapted for general 
use on different cars. It will take care of the parts on the front 
axle, rear axle, and motor unit of the following cars: Dodge, 


Buick, Chevrolet Model 490,” Cadillac, Nash» H 
Paldand Model “'84-C,” Essex, Marmon,’ Dort,’ Chevency 
oae . 


This set makes thirty-eight combinations and sells for $22.00. 
.,2€ manufacturers are the Walden Co., Worcester, Mass. or 
it can be secured of the supply houses : 


SMALL TOOLS FOR THE SHOP 


Socket Wrenches and Ratchet Levers 


_ Socket wrenches are often purchased in sets, that 
is, the sockets (S) (Fig. 20) which fit the nuts or 
cap screws are made in a variety of sizes, thus giving 
a very large assortment in a small case. 


The socket is operated on the nut by the ratchet 
lever (R) and if the nut or cap screw is in an inac- 
cessible place, such as a cylinder stud nut, an exten- 
sion bar, which is included in the set, can be placed 
between the socket and ratchet lever. 


THE us 
ATHOL STARRETT 


MIASS. Usa So 


SSAA A EN J 


Fig. 20. Starrett socket ratchet wrench set. With this 
set one can reach nuts in inaccessible places and at an angle; 
has 28 hexagon steel sockets from 1/16” to 1’’, also 1 1/32”, 
1 5/32” and 19/32”. Drill attachment for drills 1%’ and 14/’ 
included, $15. 


How to Find Socket-Wrench Sizes 


When selecting a socket wrench for a certain size 
cap screw or nut, the first point to determine is if 
the size wanted is an 8. A. HE. nut or cap screw, or a 
U.S.S. cap screw ora U.S.S8.nut. For an example, 
refer to the table of sizes below (Table 6) and find a 
34” 8. A. E. or U.S. S. cap screw; note that this 


SIZES | 
SCREW-BOLT-NUT: 


SOCKET 
STOCK 
NUMBERS 


“a 


U.S. Bott HEADS 
STAN, UNFINISHED 


Fd 
S 
Ve) 
< 
So. 
:= 
aS 
=o 


[Seaman] SIZES |r 
2] Heese 
4 [2i4| 246 
16 [216] ts 12: 
118 [218 | 26 |B] 
P fei] Fee 
122 |222| We 

124 |224| 34 


= 
| pe | feist] se] fo] loiala] 


5 


ea 
eee e ep by ea 


E laclor 


a 
i 
z 
E 
“ 
— 
| 
5 
16 
us 
ej 
8 
is 
ie 
JE 
Fs 
ral 
EB) 
| 


RUSS Oe SIPS 
QIslZlSolalaia 
oi 
PA 
nN 


4{'14 


699 


size nut will take a 9/16’ socket (which is the 


wrench size); a 34” U.S.S. nut takes a 11/16” 
socket. 


Fig. 21. Walden No. 8 socket wrenches and ratchet lever 
set. Assortment particularly selected to fit Ford cars: No. 
516, 9” ratchet wrench; No. 1139, 9’’ extension bar; No. 1102, 
universal joint; No. 1109, plug connections (two); 7 sockets, 
hexagonal 14/’, 9/16’’, 54’, 11/16”, 34’, 14’, 15/16”; 1 socket, 
square 9/16’. Price complete, $9.90. 


For socket wrenches for spark plugs, and also for 
spark-plug wrench sizes, see page 236. 


Auto Machinists’ Tap and Die Sets for 
Automobile Work 


Among the essential and necessary tools for the 
repair shop is a set of taps and dies for cutting 
threads (see Index under ‘‘Threads”; ‘How to use 
taps and dies,” etc.). 


If the work is chiefly on Ford cars, the set shown 
below (Fig. 23) is designed for this purpose. 


For all general automobile work the set shown in 
Fig. 22 is an excellent assortment. 


Reamers (see Index) are also necessary. Tools 
of this description can be secured of the automobile 
supply houses. 


Fig. 22. Butterfield screw plate set No. 202, consisting of 
7 sizes (14 different threads) 1-4 x 20—28, 5-16 x 18—24, 
3-8 x 16—24, 7-16 x 14—20, 1-2 x 13—20, 5-8 x 11—18, 
3-4 x 10—16, 14’ and 26” Derby stocks, and adjustable tap 
wrench No. 10, asshown. Dies and taps to cut 8. A. E. and 
U. §. S. threads as enumerated on the lid of box. (Butterfield 
Co., Derby Line, Vt.) 


ig, 23. The Butterfield screw plate is designed for Ford 
ae and contains taps and dies, cutting all the threads for 
bolts and screws on the Ford. (Butterfield Co., Derby Line, 


Vt.) 
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Pipe Dies and Taps 


Taps and dies for cutting threads on small pipes, 
such as 44”, 4”, 34” and 14”, are shown in Fig. 24. 
See also page 709 for the “Briggs Standard’”’ pipe- 
thread table. These can be secured of automobile 
supply houses. 


Fig. 24. The Greenfield ‘‘Little Giant’’ set of taps and dies 
for cutting threads on pipes. (Greenfield Tap and Die Corpn., 
Greenfield, Mass.) 


Pipe Specifications : 
Distance Pipe 


— ~Outside Inside Length Screws into 
Size Diameter Diameter of Thread Fitting 
1/8 IBYB2) 9/32 27/64 13/64 
1/4 35/64 3/8 4/8 19/64 
3/8 11/16 1/2 41/64 5/16 
3/4 TAX) 53/64. 53/64 33/64 
a/4 1 21/64 1 3/64 1/32 9/16 
11/2 1 29/32 1 5/8 1 5/64 57/64 
2) 1 3/8 2 5/64 1 7/64 61/64 
2 1/2 2 7/8 2 15/32 1 41/64 1 
Table 7 


Electric Portable Drills 


One of the handiest tools the automobile me- 
chanic could possess is an electric portable drill. 
The electric drills shown below are the Black & 
Decker make, which can be secured of auto supply 
houses or direct from the manufacturers. 


The drills are complete with interchangeable 
spade handle and breast plate and Almond chuck for 
straight shank drills and 15 feet of duplex electric 
cable and separable attachment plug. 


This is the drill “with the pistol grip and trigger 
switch.” Without removing or changing position 
of hands, current is switched on by pulling the trig- 
ger. The next pull on the trigger switches the cur- 
rent off, 


_This patented control prevents breakage of drill 
bits when operating the switch. It increases speed 
and accuracy of work. 


The spindle on these drills is offget for close corner 
drilling. 


_The motors are built specially, and operate on 
direct current or 25, 40, or 60-cycle alternating cur- 


rent. They are cooled by forced circulation of air, 
and will not overheat under the most severe condi- 
tions of operation. 

Reduction gears are packed in grease in grease- 
tight housing; extremely light and easily handled. 


Electric portable drill. 


Fig. 25. 


The Black & Decker portable electric drill is 
made in the following sizes: 

Size 0 to 34” for drilling steel; in hardwood, 0 to 
9/16”; speed, no load, r.p.m. 900; weight 26 
Ibs.; volts, 110, 220, or 32; fuse ampere, 6, 
Sy, 155. 

Size 0 to 14” for drilling steel; in hardwood, 0 to 
34"’; speed, no load, r. p. m. 600; weight 34 
lbs.; volts, 110, 220, or 32; fuse ampere, 6, 
3, 20: 

Size 0 to 54” for drilling steel; in hardwood, 0 to 
4"; speed, no load, r.p.m.600; weight 34 lbs.; 
volts, 110, 220 or 32; fuse ampere, 6, 3, 20. 


Electric Bench Grinders 
For grinding tools or general grinding work. 


These grinders should be connected to the electric 
power line, not the lamp socket. They are designed 
for alternating current of 110 or 220 volts, 3-phase 
current of 60 cycles. 


eae 


Fig. 26. U.S. ball-bearing bench grinder. 


They are made in three sizes of 4%, 1, and 2 h.p., 
and the speed is 3,000, 2,400 and 2,050 r.p.m. 
Wheels used are 8” x 1”, 10” x 1” and 12” Key 
respectively. Can be secured of auto supply houses. 


INSTRUCTION No. 64 


PRECISION TOOLS FOR THE AUTOMOBILE MECHANIC: How to 
Use Them; How to Read Micrometer Calipers; How to ‘Mike’ up 
Cylinders, Pistons, etc.; Miscellaneous Small Tools and Gauges; Types 
of Bolts, Screws, and Nuts; Standards of Threads; Sizes of Taps and 
Drills to Use for Cutting Threads; How to Select Dies and Taps and 
How to Use Them; How Drill Sizes Are Designated; How to Sharpen 
Drills; How to Select Reamers and How to Use Them; Types of Keys; 
Tightening and Removing Studs and Nuts; How to Select Files and How 


to Use Them. 


Precision tools are those designed fcr accurate 
measurements, such as calipers, micrometer calipers, 
thickness gauges, etc. They measure in fractions 
of an inch, such as.one one-hundredth and one one- 
thousandth part of an inch. 


One feature of automobile repairing which has 
been sadly neglected by the average repairman is the 
use of electrical testing instruments for testing 
generators, starting motors, the wiring system, the 
ignition system, and storage batteries; as well as 
the use of the micrometer caliper for measuring and 
testing piston clearances, to see if the cylinders are 
out of round, etc. 


The reason for this neglect is possibly the fact 
that the repairman has not realized the importance 
of making adjustments to a thousandth part of an 
inch, or else he thinks the subjects are too compli- 
cated for him to understand. 

The writer would, however, advise every repair- 
man who wishes to be skilled in making small 
measurements and in doing accurate work, not only 
to study the use of the instruments which will now 
be mentioned, but to become the proud possessor of 
the instruments. You will not only place yourself 
in a position where you can diagnose and remedy 
troubles, test cylinders, pistons, valve clearances, 
etc., with a degree of accuracy you have not been 
accustomed to, but you will be in a position to do 
work ‘over the head ’’of your competitor, and your 
work will be accurate, which of course will build a 
profitable business for you. 


List of Precision Tools and Instruments Suit- 
able for the Automobile Mechanic 
1—Model 280 Weston volt-ammeter, for making tests 


as shown under electric tests and storage-battery 
i $ 42.50 


ESTAS ECL GO Welt e cleverelnicselelevetelele ee vlesm'ofeslele\ela|n)«\ckeselols 
1—Cadmium voltmeter with cadmium stick, for testing 

storage-battery plates. Price...........+-.++++: $ 26.50 
1—Hydrometer, for testing electrolyte of storage bat- 

eniene MITUGOr oie eictaete cieiae etedale silells level chafeieretbal'esiaa vous $ 1.50 
{—Wiring manual to aid one in tracing electrical wiring 

CIEGUIUCSMME TUCO ns aoc «=, euoile col opimiet ouskenshopsiaissleo: ol.) $ 15.00 


1—No. 203 micrometer caliper, for measuring spaces 
from .001” to 1”. This instrument can be used for 
measuring ball bearings, drills, screws, rods, sheet 
metal, etc. Price $ 
1—No. 226 3-inch micrometer caliper, for measuring 
the diameter of pistons, etc. Willmeasurefrom 2 to 3 
inches in thousandths part of aninch. Price $ 10.00 
1—No. 226 4-inch micrometer caliper, for measuring the 
diameter of pistons, crank shafts, etc. Will measure 
from 3 to 4 inches in thousandths part of an inch. 
Price $ 10.75 
1—No. 226 5-inch micrometer caliper, for measuring the 
diameter of pistons, etc. Will méasure from 4 to 5 
inches in thousandths part of aninch. Price $ 12.00 
1—No. 124A inside micrometer caliper, for measuring 
the inside diameter of cylinders. Will measure 
spacesfrom2toS8inches, Priee.............-.-- 
1—No. 72 thickness gauge, for measuring spark-plug 
gap clearance; interrupter-gap clearance; piston- 
ring gap clearance, etc. Has 22 leaves varying in 
thickness from .004” to .025’’. Price 
1—No. 172A thickness gauge; has 9 leaves and meas- 
ures smaller clearance than No. 72, as_ follows: 
.00114” or .0015’’; .002’’; .003’’ also .004’?; .006’’; 
008”; .010’; .012/’; .015’. These smaller meas- 
urements are necessary for measuring ring-groove 
clearance and valve clearances where under .004’’. 
TCO es tee ee er tee ease rae hae eee tee 


1—Machinist’s steel rule or scale, 6’. Price........ $ 


1—Inside caliper, 5’, as shown in Fig. 7, page 704. 
Price 


8.50 


2.50 


Price 


1—Compression tester, for testing the comparative 
pressure of cylinders. Price $ 


6.50 
$147.50 


You will note that all of the foregoing list is 
required, in order that one may make all tests. One 
micrometer caliper cannot be obtained that will 
measure all sizes of pistons, as, for instance, from 
2 to 5 inches in diameter. Instead, a set is required 
as listed above. 


4’ machinist’s vise, $12.75; 
blow pipe torch for soldering, $8.50; set of drills 1/16” to }4” 
in thirty-seconds, $7.00; Townsend grease gun, $5.50. All 
material listed on this page can be secured of A. L. Dyke, 
Elect. Dept., St. Louis, Mo. 


Other suggested tools are: 


THOUSANDTH PART OF AN INCH 


A thousandth part of an inch is infinitesimally 
small, but must be used to measure correctly the 
clearance of a spark-plug gap, the interrupter-point 
gap in ignition systems, and also for valve clearances, 
piston clearances, and for many other purposes. 


What Is a Thousandth Part of an Inch 


If 1” is divided in 2 parts, each part is y 
Tf 1” is divided in 32 parts, each part 1s Ee 
Tf 1” is divided in 64 parts, each part 1s - 
Tf 1” is divided in 100 parts, each part is 1b0,, 


Tf 1” is divided in 1,000 parts, each part is r000 


fog 


( 


A hundredth part of an inch could be expressed 
in fractions as ;$5 part of an inch, but is usually 
expressed in decimals as .01’’. 


A thousandth part of an inch could be expressed 
in fractions aS ¢¢yy Part of an inch, but is usually 
expressed in decimals as .001”. 


To read decimals, start with the decimal point 
(the period); call it decimal or point; the next figure 
to the right of it, call tenths; the next figure, hun- 
dredths; the next figure, thousandths; the next 


O1 
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figure, ten-thousandths; the next, hundred-thou- 
sandths, and so on. 


Thus, the figure 3, standing alone, would repre- 
sent three units, but if it had a decimal point in 
front of it, as .38, this would represent three-tenths; 
if expressed thus, .03, it would represent three- 
hundredths; if expressed thus, .003, it would repre- 
sent three-thousandths; if expressed thus, .0003 it 
would represent three-ten-thousandths, and so on. 


If an inch was measured off into one thousand 
equal parts, each part would represent one one- 
thousandth part of an inch or .001”. 


Twenty-five of these parts would represent 
twenty-five one-thousandths of an inch (.025”), 
which is equal to sy of an inch. 


One hundred of these parts would represent one 
hundred one-thousandths of an inch (.100’), 
which is exactly equal to 45 of an inch. 


Five hundred of these parts would represent 
five hundred one-thousandths of an inch (.500”), 
which is exactly equal to 14 an inch. 


One thousand, or all of these parts would repre- 
sent one thousand one-thousandths of an inch 
(1.000””), which is exactly 1 inch. 


In order to gain an idea as to the thickness of a 
one-thousandth part of an inch, we will compare the 
thickness of this paper, which is only approximate. 
-001 (one one-thousandth) = 1/3 thickness of this sheet of 

paper, or about the thickness of fine tissue paper. 


.003 (three one-thousandths) = the thickness of this page you 
are reading (approximately). If it were 314 one-thou- 
sandths, it would be expressed as .0035” (thirty-five ten- 
thousandths of an inch). 

-006 (six one-thousandths) = the thickness of two sheets of 
this paper. 

-015 (fifteen one-thousandths) = the thickness of five sheets 
of this paper. 

020 (twenty one-thousandths) = the thickness of seven sheets 
of this paper. 

025 (twenty-five one-thousandths) = the thickness of eight 
and one-third sheets. 

-030 (thirty one-thousandths = the thickness of ten sheets. 


Decimal Equivalent of Fractional Parts of an 
Inch 


In using Table 1, it is not necessary to carry out 
all of the fraction. As a rule, three figures to the 
right of the decimal point is close enough for all 
practical purposes—which would be, of course, 
read in thousandths, as .015 (fifteen one-thou- 


DYKE’S INSTRUCTION No. 64 


sandths). Note that 14 of an inch is equal to .125 
(one hundred and twenty-five one-thousandths of 


an inch). 


Table 1 
8ths S42 = .15625 Yay =..265625 
tha = .21875 1% = .296875 
= oe %2 = .28195 2% = .328125 
ors Myo = .84375 *%4 = .359375 
ieee 1%49 = .40625 2564 = 890625 
ag nties 152 = .46875 ex = .421875 
vanes “go = 153125 2%, = 458125 
enmers 1%: = .59375 2% = .484375 
: 72 = .65625, Se = .515628 
2% = .71875 9542 = 546875 
A6ths 2% = .78125 3%, = .578125 
he = .0625 he = .84375 3% = 609375 
Finis aCe 2%2 — .90625 “es = .640625 
On, Orns Sigo = 96875 “Sea = 671875 
apes 4%q = 1708125 
ee 6tths bug = 734978 
Ye = .6875 Yea = .015625 4%, .=°.765625 
I% 6 25.8125 Yes = .046875 51g, = .796875 
lKe—= .9875 Seq = .078125 5% = .828125 
Yes = .109375- 55a, = .859875 
32ds - Me = 140625 3%, = .890625 
Meg = 171875 | 5%, = 1921875 
tag = .03125 134 = ,203125 Stee = 953125 
%o = .09375 154 = 284375, | 03, = 984375 


See also page 68, “Converting decimals of hun- 
dredths of an inch into fractions of an inch.” 


Another table of decimal equivalents is given 
below (Table 2): 


MICROMETER CALIPERS 


It would be a difficult matter to divide an inch 
into one thousand divisions or graduations on a rule 
or scale, therefore an instrument known as a microm- 
eter caliper with a double scale is employed for 
measuring spaces as small as .001”. In fact, by 
adding a third scale (called a Vernier, Fig. 4, page 
703), and computing the ratio of one figure to an- 
other, a space as small as one ten-thousandth 
(.0001””) of an inch can be measured. 

The automobile repairman i 
measure spaces less foea 001” See bib ee car 
devoted to micrometer calipers reading .001’” and more, 

The three kinds of micrometer calipers the auto- 
mobile repairman will need most are shown in Figs. 
IL, 23, faravel, Si, 


The “outside micrometer caliper” (Fig. 2) is used 
for measuring the outside of pistons, ete. The 
“inside micrometer caliper” (Fig. 3) is used for 
measuring the inside of cylinders, ete. 


The outside micrometer caliper shown in Fig. 1 i 

isa smaller one, it measures spaces only from 001” a Pith 
OO ee in Fig. 2 will take larger measurements, but also reads 
: ol”. 


Micrometer Caliper Reading One- 
Thousandth Part of an Inch 
How to read: Frame A (Fig. 1) and sle D 
are stationary. The thimble nee spindle Cae 
connected together. On the inside of A and D 
there are threads (40 to the inch). 


Fig. 1. Micrometer caliper which read: 
001" up to 1”. Lines on ®), 025": lines on tEy or" 


PRECISION TOOLS FOR THE MECHANIC; HOW TO USE THEM 


When the micrometer caliper is closed, the end 
of (C) is against (B) and the bevel edge of thimble 
(E) is on the vertical line (O) on (D), and the (O) 
line on the bevel edge of (E) is in line with the hori- 
zontal line on (D). 


When caliper is opened (we will assume that it 
is closed), turn thimble (E) to the left. If it is 
turned one complete revolution, then the (O) line 
on (E) would have revolved from the horizontal 
line on (D) back again, and one vertical line will 
then be visible on (D) which represents a space of 
twenty-five one-thousandths (.025’) of an inch 
from (B) to the end of (C) (where all measurements 
are made). 


The reason for this is the fact that the spindle (C) 
and thimble (E) are revolved on threads which are 
cut 40 to the inch, and a complete turn represents a 
movement of (C), of 1/40 of an inch, which, ex- 
pressed in decimals, equals .025” (twenty-five one- 
thousandths) 25/1000 = 1/40. 


Each line, therefore, on (D) which is exposed by 
the bevel edge of thimble (E) as the caliper is 
opened, represents .025” or 1/40 of aninch. Every 
fourth line is longer, and is numbered, 1, 2, 3, 4, ete. 
Therefore, if the fourth line with the number 1 on 
(D) is visible at the edge of (E), then we should have 
an opening at (B) to (C) of 4x .025”, or .100”, or 
4/40, or 1/10inch. If eight-lines on (D) were visible, 
the eighth line would be numbered 2, and we should 
have an opening of 8 x .025”, or .200”, or 8/40 of an 
inch, which is also equal to 1/5”. 


Any fractional part of a complete revolution of 
(E) will be read on the edge of thimble (E). For 
instance, suppose thimble (E) is not revolved a com- 
plete revolution, but only a portion of a revolution. 
We know that a complete revolution of (E) repre- 
sents .025”; therefore there are 25 divisions or lines 
on the bevel edge of (E), an equal distance apart, 
and every fifth line is numbered, from 0 to 25. 
Rotating the thimble (E) from one of these marks to 
the next, moves spindle (C) longitudinally 1/25 of 
twenty-five one-thousandths, or one one-thousandth 
(.001) of an inch, and this is where we get the read- 
ing in one-thousandths (.001). 

For example, see Fig. 1: There are seven vertical lines (do 
not count the O line) visible on (D). Multiply this by .025 
(7 x .025=.175), then add the number of divisions or lines from 
(O) (do not count the O line) on thimble (E) to the horizontal 
line on (D), and we have 3 divisions or lines (each line repre- 
sents .001). Therefore, we have a space from (B) to the end 
of (C) of (.178’) one-hundred and _seventy-eight one-thou- 
sandths of an inch (7 x .025=.175+.003=.178”). 


The outside micrometer caliper (Fig. 2) is used 
for measuring the outside diameter of pistons, etc. 
Note that the frame is much deeper, which is neces- 
sary, so that there may be room to place the caliper 
over the piston. 


Fig. 2. Outside micrometer caliper. 


The usual diameter of pistons for automobile 
engines varies from 2” to 5’ diameter. In order to 
measure pistons from 2” to 5” diameter, it 1s neces- 
sary to have three micrometer calipers (see list, 
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page 701), as each caliper reads only for 1’’ meas- 
urement. In other words, the movement of (C) 
(Fig. 2) is only 1 inch. This 1/7 movement can be 
read in thousandths of an inch, as explained in con- 
nection with Fig. 1. 


For instance, on a caliper designed for 2” to 3”, 
the permanent open space between end of (C) and 
(B) would be 2’’ when the caliper was closed. Thus 
the micrometer reading in thousandths of an inch 
would be between 2 to 3 inches. This also applies 
to the 3” to 4” and 4” to 5’ micrometer caliper. 
See reference to No. 226, 3’, 4’, and 5’ calipers, 
page 701. 


To read the inside micrometer caliper (Fig. 3), 
the same method is used. However, bear in mind 
that in order to read the measurement of a cylinder, 
which, say, is 4.080” (four and eighty one-thou- 
sandths of an inch in diameter), we should place an 
extension bar in the end of (C) (bars of different 
lengths are supplied with inside micrometer cali- 
pers). Then open the caliper slightly more than 
the required amount. Then close the caliper gradu- 
ally until it will go into the cylinder freely. Then 
gradually open it until the edge of (F) touches the 
cylinder wall on one side and the end of the bar on 
the other side. Remove and note the reading 
(note that (F) is pointed, as is also the end of the 
extension rod which fits into (C), in order that they 
conform with the curvature of the cylinder). 


The reading on Fig. 3 shows three lines exposed on (D). 
The third line is hardly visible, but the bevel edge of (E) is 
just exposing the third line on (D). In fact, the spaces be- 
tween lines is more often counted than the lines themselves. 
Do not count line (O), Therefore as each line on (D) repre- 
sents .025’, we have 3 x .025=.075 on (D). Then count the 
number of lines from the (O) line on (E) (at bottom), to the 
horizontal line on (D), counting each line as .001’’, and we have 
5 lines, or .005; therefore we have a reading of .080” (3 x .025= 
.075+.005=.080’’). 
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Fig. 4 


Fig. 5 


Fig. 4. The Vernier micrometer caliper has a third scale 
and reads one ten-thousandth. To read, note the thou- 
sandths as in the ordinary caliper (Fig. 1); then observe the 
numbered line on (D) which coincides with the line on (E). If 
it is the line marked (1), add one ten-thousandth; if it is the 
line marked (2), add two ten-thousandths, etc. 


Fig. 5. A thickness gauge: This tool is used for measuring 
the clearance of valve stems, spark-plug and interrupter points, 
etc. as mentioned on page 701 (No. 72 and 172A thickness 
gauge). This is the No. 72, and has 22 leaves which vary in 
thickness from .004” (four one-thousandths) to .025’ (twenty- 
five one-thousandths) of aninch, See page 701 for description 
of the No. 172A gauge. 
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SYMBOLS OF DEGREES, MINUTES, SECONDS, INCHES, AND FEET 


It will be observed that the same designations 
which .stand for inches are also used for seconds, 
and those for feet are also used for minutes. 


Degrees 


A degree is a unit employed in measuring angles, 
and is the ninetieth part of a right angle or one 
three-hundred and sixtieth part of a circle. 


The explanation of degrees is given on page 60. 
See also pages 68 and 69 for “Converting degrees 
into inches.” 


A circle is 360° around its circumference. If 
divided into 360 equal parts, each part would repre- 
sent 1 degree, designated as 1°. 

We can divide each degree into 60 parts called 
“minutes,’”’ and each minute can be divided into 60 
parts called ‘“seconds.”? One minute would be 
designated thus (1’) and one second thus (1”). 


Signs or Symbols of Inches, Feet, Minutes, and 
Seconds 
The sign for inches or seconds is () as 6”. 
The sign for feet or minutes is (’) as 6’. 


MISCELLANEOUS SMALL MEASURING TOOLS AND GAUGES 


Fig. 6 Bisa Fig. 8 


Fig. 6. Dividers are used to lay off circles and distances on 


metal, for drilling, ete. 

Fig. 7. Inside calipers are used for measuring inside di- 
ameters, such as cylinders, bearings, etc. The points of a 
caliper are then placed on a machinist’s rule and the measure- 


ment is noted. 


Fig, 8. Outside calipers are used for measuring exterior 
diameters, such as drill taps, ete. The caliper is adjustable, 
and after the measurement is taken the points of the caliper 
are placed on a rule or scale to find the measurement in inches 
or the fraction thereof. 


Caliper dividers are made with and without springs. The 
spring is an advantage, however, inasmuch as when once set, 
they retain their setting. 


Fig. 9. A machinist’s steel rule or scale is of thin tempered 
steel and comes in lengths from 2” to 24’, The popular size 
is 6’, with graduations reading sixty-fourths and thirty-seconds 
of an inch on one side and sixteenths and eighths of an inch on 
the other side. They can also be obtained graduated in tenths 
and hundredths of an inch, as well as in millimeters. 
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Fig. 11 


Fig. 10. _A pocket sliding rule, also called a caliper rule, usu- 
ally made in 3” lengths; graduated in thirty-seconds on one 
side, and in sixty-fourths on the other. Handy for measuring 
sheet or bar stock, wire, tubing, ete. 


Fig. 11. A hook rule for measuring the diameter of flanges 


or circular pieces, through the hubs of pulleys, setting calipers 
or dividers, ete. 


Fig. 12. A scriber, used for scribing fine lines on planed 
surfaces of iron or steel, such as timing marks on fly wheels, ete. 
The points are of tempered tool steel. 


Fig. 13. Double-point scribers, threaded to screw into the 
holders and knurled for finger grip. 


Fig. 14, Spirit level, used for lining up pistons, connecting 
rods, ete., when used in conjunction with a steel square. Also 
used for finding grades, 


Fig. 15. A speed indicator, or revolution counter, as it is 
sometimes called, is a necessity in high-speed work. ‘The dial 
can be set at the 0 mark, and when timed with a watch for a 
minute or fraction thereof, will indicate the total number of 
revolutions made by the crank shaft, line shaft, motor, or 
generator, 


Fig. 16. Screw pitch auge for determining the n 
threads to the inch on bolts. taps, ete. = aS 
makes it applicable also for inserting in nuts and bolt holes. 
Sizes and decimal equivalents are stamped on each blade. 
This particular tool is made in pocket-knife form, 


Wire and Sheet-Metal Gauges 


Standard gauges for wire and sheet metal: The standards 
were originated by the various plate and wire manufacturers, 
thus causing several standards to be recognized. 


To avoid confusion it would be well, when ordering wire or 
sheet metal, to specify the diameter or thickness in dimensions 
of an inch, i i i 1 
gauge can be used, gauge the stock, and when orderin specif 
the gauge number and the name of the gauge. Sta aan 
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There are three standards in general use, and they all look 
very much like that shown in Fig. 17. 


_ The “United States Standard Gauge”’ for sheet and plate 
iron and steel was legalized by Act of Congress, March 3, 1893, 
as a standard gauge to be used by the custom-house depart- 
ment for sheet iron and steel. This gauge is now the adopted 
standard of the tin-plate manufacturers, there being about 
forty-five manufacturers using it for their steel. The number 
of this gauge is No. 283. 


The steel-wire gauge is known as the “American Steel and 
Wire Gauge,’’ as well as the ‘‘W and M Standard”’ (Washburn 
and Moen Standard). This gauge is applied to all steel wire 
upon the recommendation of the Bureau of Standards at 
Washington (No. 287). ~ 


The American Standard Wire Gauge is the gauge usually 
recognized in the United States as the standard for copper 
wires and wires of metals other than steel (No. 281). 


No confusion should be encountered between these two 
gauges; that is, the “Steel Wire Gauge’”’ is used only to gauge 
steel wire, and the “‘American Wire Gauge’’ is used on copper 
wire and wires of metals other than steel. 


Before using these gauges the material to be gauged should 
be cleaned thoroughly of all rust and grit. A gauge is then 
applied, and tests of the different gauge slots are made until 
one is found that fits the material snugly. Never force the 
gauge onthe material. By doing this the gauge may be sprung, 
which will cause it to be inaccurate. When gauging a sheet or 
plate, file off the edges smooth to eliminate danger of error in 
engaging. 


Tap and Drill Gauge 


By the use of this gauge one is enabled to select 
at once the right-sized drill, to suit the machine 
screw taps most commonly used, leaving just stock 
enough for the tap to cut as near a full thread as is 
practical without breaking it, thus saving much 
time and uncertainty of result attending the former 
crude ways of selection. 


Explanation of illustration (Fig. 18): The first row 
of figures, for instance, reads thus, 14x 20 10 yy. 
The number 14 (in the first row of figures) means 
the number or size of the tap; 20, the pitch or num- 
ber of threads per inch; 10, the size of drill to use 
which will leave the right stock for proper thread; 
and \, the size of drill to use to let this tap or screw 
through outside of the thread. 


The figures—1, etc., up to 60—designate the 
number of drill (the size agreeing with the holes). 
Other figures, 228, 221, etc., designate the size of 
the hole in thousandths of an inch. 


Example: Suppose you had a cap screw of a cer- 
tain size and you found that it required a 10 x 32 
tap. First find the tap size 10 x 32 in the first column 
to the left (on the drill gauge). Referring to the 
second column (tap-drill size), you will find that a 
drill is required of such size as will be a snug fit in 
the No. 20 hole. Referring to the No. 20 hole you 
will note that it has the decimal .161 under it. 
This is the diameter in thousandths of an inch of 
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the drill to use, and is the proper size for tapping, 
to insure a full thread. 


Suppose, however, that in this particular job you 
were fastening a bracket or brace to the frame of 
the chassis. It would then be necessary to drill 
a hole large enough through the bracket so that the 
screw would pass through it (as there would be no 
threads required in this piece). Referring to the 
third column (body size of cap screw), you will find 
after the figures 10 x 32 20, the figure 9, thus the 
proper size drill to use is the one that is a snug fit 
in the No. 9 hole, and under hole 9, the decimal size 
is .196 (196 one-thousandths). By referring to 
the table on page 702 of Decimal Equivalents, the 
nearest size of the drill to use can be found. 


In selecting a drill to drill a hole (whose diameter 
is expressed in thousandths), always select the near- 
est size to it, preferably a size or two larger. As 
an example, take the decimals above: the first one 
was 161 thousandths. Referring to the table on 
page 702, you will find that the nearest decimal to 
this is 171 thousandths. Thus this is equivalent to 
a 11/64 drill. 


The second decimal was 196 thousandths, and 
we find that the nearest size to this is 203 thou- 
sandths, equivalent to a 13/64 drill. 


If you select a size smaller instead of larger, you 
run chances of breaking the tap when trying to cut 
the threads, especially in hard or very thick metals. 
As long as there is 75 per cent of the thread available, 
the thread will be stronger than the bolt itself, and 
so there is no harm done by having the hole a 
trifle larger. 
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BOLTS, SCREWS, AND NUTS 


Nuts are not usually used on capscrews, as the 
capscrew is generally screwed right into the metal 
part. However, nuts can be put on to them, and 


they can be used in place of bolts. 


Fig. 22 


Fig. 19 


Fig. 19. A hexagon nut. 


Fig. 20. A “‘castellated’’ The castellated nut is 


nut. 
slotted to take a cotter pin to prevent it coming loose. 


Fig. 21. U. 8. S. (United States Standard) capscrew and 
bolt thread. —- 


Fig. 22. §. A. E. Standard cap screw and bolt thread. 
These exaggerated illustrations are intended to show the only 
difference between a U.S. S. capscrew and an 8S. A. E. capscrew 
—which isin the thread. Note that in this illustration (S.A.E.) 
the thread is much finer. Therefore there are more threads 
per inch, 


By referring to Table 4 (page 697) it will be seen that a 
4%” U. 8. S. capscrew has 20 threads per inch; whereas a 
S. A. E. capscrew (Table 3, page 697) has 28 threads per inch, 


Bolts always have nuts on them, either square or 
hexagon, and in most cases the nuts are larger than 
the head and consequently take a different size 
wrench. For instance, a 34 machine bolt has a 
11/16” head and a 5% nut; whereas an S. A. E. 
% capscrew has a 9/16’ head (see page 697, Table 3). 


The measurement for the diameter of a bolt or 
screw is taken just below the head, where the metai 
is full diameter. If measured across the threaded 
part, they will be found to be of slightly less diam- 
eter, owing to the “flat”’ (see Fig. 27, page 707). 


U. S. S. and S. A. E. Bolt and Cap Screws 


The U.S. S. and S. A. E. capscrews are alike in 
all respects, with the exception of the pitch diameter 
and the number of threads per inch. By referring 
to table No. 5, page 709, you will notice the 
number of threads to the inch on the S. A. E. is 
more than on the U. 8. 8. (table 4). 


On the automobile we find bolts are used on the 
springs and various parts. In fact there is hardly a 
part of the entire mechanism that does not have its 
quota of bolts, capscrews, machine screws, or car- 
riage bolts (the latter used for holding the body to 
the frame). Stove bolts are used frequently for 
fender and drip pans. 


Difference between Bolts and Cap Screws 


The difference between a capscrew and a machine 
bolt lies mostly in the method of manufacture. 


In making a capscrew, the usual method is to cut 
off a piece of the required length, from a piece of 
steel of hexagon shape and of the size required for 
the head. The piece is then turned down to the 
size required for the body, and a thread is cut on it 
(or it is milled). 


In making a machine bolt, the stock is cut from a 
bar of round steel of the required diameter of the 
body, and the head is then formed by a process called 
“upsetting.” The machine bolt’ has a slightly 
larger diameter head than the capscrew, but the 
threads are identical in both, 


SET. SCREW SQUARE HEAD HEXACON HEAD 
7 CAP SCREW CAP §CREW 


ROUND oR 
FILLISTERHEAD 
CAP SCREW 
MANUFACTURES 

STANDARD 
MACHINE BOLT 


FLAT HEAD 
STOVE BOLT ~ 


ROUND HEAD 


i LT OR BUTTON 
ONIN e HEAD CAP SCREW 
STUD BOLT - 
Round Head. Flat Head. Fillister Head. 


a aching Screw Machine Screw Machine screw 
Crem) Bema een 
Fig. 23. Illustrations showing the different kinds of bolts 


and screws. The square-head capscrew is seldom used for 
automobile work. 


The only difference between an S. A. E. bolt and 
an S. A. E. capscrew is in the amount of thread cut 
on it. The size and shape of the head are the same 
and the number of threads per inch is the same. 


The difference between a U. S. S. bolt and a 
U.S. S. capscrew is also in the length of thread and 
the size of head. The thread ona capscrew is run 
down nearly to the head, while on a bolt it is run 
down only about one-third of its length. The heads 
differ in that the bolt head is larger than the cap- 
screw head, and in the former is usually square 
instead of hexagon. 


The difference between a machine screw and a 
machine bolt is mostly in the shape of the head. 
The screw has either a round or a flat head, but never 
a hexagon head, and differs in the further respect 
et the head is slotted for the reception of a screw- 

river, 


A wrench that fits a U. 8. 8. capscrew will fit an 
S. A. E. capscrew, because the heads are of the same 
size, 


A wrench that fits a U.S. S. machine bolt will not 
fit an S. A. E. eapscrew, because the U. 8. 8S. bolt 
head is larger, 


A wrench that fits a U. 8. 8. capscrew will fit an 
S. A. E. machine bolt, because the 8. A. E. bolts 
have the same heads as capscrews. 


_ A wrench suitable to fit any and all of those men- 
tioned above is the adjustable S-wrench, and open 
wrenches in sets. 


Studs, Taper Pins, and Set Screws 


Studs are usually placed in the top of ¢ linders 
with detachable heads. The Sane Read is 
slipped over the studs and fastened down with 


hexagon nuts. They are also used on top of the 
crank case. 


Taper pins require taper pin reamers—a reamer 
must always match the pin (see Index for a 
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taper pin reamer). Taper pins are used for locking 
collars to shafts (where keys cannot be conveniently 
used), and for various other purposes. 


Set screws are usually cut full, so as to fit tight 
in the part to be held. They are either pointed or 
cupped at their lower ends, and are either square 
headed or slotted. In using, set up tight and tap 
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them directly on top with a light hammer, then 
tighten again. This will set the point or cup in 
the shaft. The threads are always U. 8. Standard. 


When driving out bolts that are to be used again, 
strike the hardest blow you can, and use a heavy 
hammer. Light blows and the use of a small 
hammer will upset or rivet the bolt. 


THREADS 


The two principal threads with which the repair- 
man or mechanic should familiarize himself are the 
bolt thread and the pipe thread. A little study and 
use of the various sizes will enable him to know the 
particular kind and size by merely looking at it. A 
comparative difference in size between a bolt tap 
and a pipe tap is shown in Figs. 38 and 39, page 710. 


Note how much larger a 34’’ pipe tap is than a 
3¢ bolt tap. This is due to the fact that a 38” pipe 
is measured on the inside and twice the thickness of 
the metal (of which the pipe is made) must be added 
to the 34” to get the diameter required. In the bolt 
tap the measurement is taken on the outside, 
consequently the tap is of practically the same 
diameter as the bolt. See also, Fig. 24, page 700, 
for pipe dies and outside and inside dimensions of 


pipes. 
Explanation of the Meaning of Threads 


Note the original size of stock on which the thread 
was cut in Fig. 24. Then note the meaning of 
“angle,” “pitch,” and ““V-thread.”’ The “root diam- 


SHARP 


ANGLE 
» 


60° 


PITCH 


eter” is measured from the base of threads and 
the “basic diameter” is measured from the top of 
flats (used in this illustration merely to explain its 
meaning). 


Root Diameter Determines Drill Size 


Root diameter means the diameter of the bolt 
measured from the bottom of one thread to the bot- 
tom of the thread diametrically across from it, and 
is the measurement that must be taken into account 
when figuring the working strength of the bolt, and is 
the diameter that gives you the drill size. 


In practice the drill size is a little larger, so that 
after a thread is cut, it will be found that it is not 
really a full thread, but is full enough for all prac- 
tical purposes if the drill is not unnecessarily 
large. 


The sharp V-thread (Fig. 25) with its razor-like 
edge, is a thread the manufacturers do not favor. 
The flat thread (Fig..27) is the one favored. 


The length of a thread on a capscrew is more than 
on a bolt. 


Fig. 25. The sharp V-thread (U.S. S.). 
Fig. 26. Whitworth’s standard (oval). Note that the thread 
does not come to a point at either top or bottom. 


Fig. 27. The U.S.S. (United States Standard) and S. A. E. 
thread. Note the flat at top of thread. This is also called 
the A. 8. M. E. thread. 


Fig. 28. Explains the meaning of “pitch,” ‘‘angle,”” and 
“flat.’ The “pitch” is the distance from one thread to another. 
The “angle’’ is the degree of slope, and is usually 60°, except 
Whitworth, which is 55°. The ‘‘flat’’ is the top of the thread 
coming to a flat instead of to a point. 


Brigg’s standard thread which is only for pipe, is oval like 
the Whitworth. 


Fig. 29. The number of threads to an inch can be measured 
as here shown, or with a screw-pitch gauge asin Fig.16, page 704. 
The pitch is the number of threads per inch. A screw-pitch 
gauge is a quicker and more accurate method for finding the 
number of threads per inch. 


U.S. S. and S. A. E. Threads Used Most 


The threads most commonly used in this country 
are the United States Standard and the 8. A. E., 
formerly A. L. A. M. This latter is the standard 
adopted by the Society of Automotive Engineers 
for automobile work. 


The diameter and angle of the S. A. E. thread is 
the same as the U. S. Standard, the only difference 
being that the 8. A. Hi. thread 1s of finer pitch (see 
Fig. 22, page 706), or more threads to the inch. 


Take, for instance, a U. 8. Standard 44” screw. 
It has 20 threads per inch, while a 14’’8. A. E. screw 
has 28 threads per inch (see Tables 4 and 5, page 709). 


This finer thread has been found by experience 
and tests to have several advantages over the coarse 
U.S. S. thread in auto construction, one of which is 
in meeting the incessant vibration to which a fast- 
moving automobile is subjected. A nut with 
fine threads takes more revolutions or turns to 
remove it than one with coarse threads, and the 
chances are that were the threads coarse, the nut 
would be far more likely to be lost, whereas the fine- 
thread nut with the same number of turns would be 
only loose. There are various other reasons, of as 
much or more importance, which led the manufac- 
turers to adopt this finer thread. 
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The fine thread is nearly always used where hard- 
ened material is employed (such as case hardened), 
and the coarser thread where soft material is used, 
such as aluminum, brass, bronze, etc. 


Other thread standards used somewhat in this 
country (although they are made principally for 
foreign business) are the Whitworth Standard (Fig. 
26) and the metric or French standard (not illus- 
trated). 

Pipe Threads 


The Briggs Standard (Table 6) is for pipe work 
only, and has no connection with capscrews or bolts. 


Pitch of thread: By this is meant the number of 
threads per inch, or the distance from the top of 
one thread to the top of the next. This pitch is 
always the same for the same size bolt, nut, tap, or 
die of the same standard. 


To Find the Pitch or Threads per Inch 


To find the pitch of a screw when a thread gauge 
is not convenient, place a scale on the screw (Fig. 
29), so that the end of the scale is opposite the top 
point of any thread; count the number of spaces 
under the scale between the threads, for a distance 
of one inch, viz.: there are eight spaces underneath 
the scale in one inch, therefore the screw is Ye" 
pitch or eight threads per inch. 


Another method is to place the scale as shown in 
Fig. 29, and count the top of the threads for a dis- 
tance of one inch, omitting one thread. The reason 
for omitting one thread may be seen by following 
the two dotted lines drawn from the top point of 
the first and ninth threads; count the number of 
complete threads between the dotted lines at the 

ottom of the screw, and you will find it to be 
eight. 

Pitch angle: By this is meant the angle or degree 
of slope that the sides of the individual threads 
have, and is always 60° in the various standards, 
with the exception of the Whitworth which has 55°. 
This angle is clearly shown in Fig. 26. 


Flats: See Fig. 27; note that U.S.9. and S. A. E. 
use this thread, but while the angle and flat are the 
same, the S. A. E. is of finer pitch, or more threads 
per inch. 


In Tables 4 and 5, page 709, a tabulation is given 
of sizes and threads per inch, from 14” to 1” for 
U.S. and the S. A. B. standards, and also the drill 
size to use for drilling a hole preparatory to tapping 
or cutting the threads. 


Size of Tap and Drill to Use for U. S.S. Threads 
Expressed in Decimals 


The sizes of tap and drill to use for U. S. S, 
(United States Standard) or A. S. M. BE. (American 
Society of Mechanical Engineers) screw thread, 
are given in Table 3 this page. 


The first and sixth columns give the size of tap 
designated in numbers ; the second and seventh 
columns, the outside diameter of tap; the third and 
eighth columns, the number of threads per inch; 
the fourth and ninth columns, the size of drill 
expressed in decimal parts of an inch; the fifth and 
tenth columns, the number, or size, of drill which is 
necessary to drill the hole for the tap. Those sizes 
marked (+) are most commonly used. 


Example: Suppose that on the tap the numbers 
14-20 appeared. This would mean that the tap 
number was 14, and 20 is the number of threads per 


inch. Therefore by referring to the sixth and tenth 
columns, the size of tap to use would be No. 14 and 
the size of drill to use for this tap would be No. 10 
drill which is .1932’’ in diameter. See page 712, 
explaining drill numbers and page 711, explaining 
tap numbers. 

Note. A 14” S. A. E. tap is larger in diameter than a U.S.S. 


44” tap, due to the difference in the root diameter of the bolt 
or screw. See page 707, explaining root and basic diameter. 


How drills are designated: Refer to Table 7 
page 712, which explains how certain sizes of drills 
are lettered instead of numbered, etc. 


Table 3 
Nearest Com- Nearest Com- 
, acreial Seem ae pacreial Size = 
He Cee Bs dept Glikeed Size 3s depth of thread ‘ 
oO side ovii eS ea T O ee 
Tap} Diam | ER! inch | merral Tap és 
Decimals Dele: 
=e nation 
0 | .060 | 80 
1 ADB || 72 
1 073 | 64 
2 | .086 | 64 
+2 | .086 | 56 
3 | .099 | 56 
+3 | .099 | 48 
4 112 | 48 ( 

4 112 | 40 Ve 
+4 | 2122 | 36 1g" 
5 | 125 | 44 D 
5] 125| 40 Cc 

5 | 125 | 36 I 

6 | .138 | 40 H 

6 | 138 | 36 M 
#6 | .138 | 32 K 

ae 6 

1 2 AG 

7 151 | 30 R 

8 164 | 36 2g" 
+8 164 | 32 U 

8 164 | 30 ie 

9 Wee |) ees 254," 

9 177 | 30 Vv 


Note. A common nut, drilled out so that it contains cay 
Ss cent of a full-depth thread will break the bolt before it 
Will strip. 


A 75 per cent depth of thread yields an ample margin of 
safety (2 to 1), and is economical in tapping, 


A full depth of thread in a common nut is only about 5 pet 
cent stronger than a 75 per cent depth of thread; yet it requires 
three times the power to tap. 


Size of Tap and Drill to Use for U.S. S. Threads 
Expressed in Fractions of an Inch 


Tap and drill sizes for U. S. S. threads: Table 4 
gives the diameter of the tap, the threads per inch, 
and the size drill to use (expressed in common frac. 
tions) for the tap. The diameter of the tap ex- 
presses the screw size. For instance, a 14’” tap is for 
a 14" screw with 20 threads ; therefore the size of 
drill to use would be 3/ 16”, ete. , 


To find what size and number tap to use for a 
VAG Sh S. bolt with 20 threads to the inch: First 
find the decimal equivalent of 44 inch (see page 702); 
4 inch is equal to 2/8 inch, so by looking in the 
column under heading of “Sths” Table 1 (page 702), 
you will find that 14 (or 2/8) is equal to 250 one- 
decimal point 250. Referring 


To find what would be the number of the drill for 
ai“ U.S. S. tap, 20 threads to the inch: Proceed 
as in the previous instance. First find the decimal 
equivalent of 14 inch. This you have found to be 
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U.S.S. Threads 
Diam. | Thas Si 
Tap IZE 
in of 
Ins. Ins. 
Yj %- 14; 
5 
% % 144 
% 4h 138 
1% A 
% 13 


aN 


eq 
o} 


oN 


Table 4 


250 one-thousandths. The nearest decimal to this 
is in column No. 7, Table 3 (page 708), and can be, 
as before, either .242 or .268; and the proper drill 
corresponding thereto is found in column No. 10 
and can be either a No. 10 drill or a 7/32 inch drill. 
You will notice by referring to Table 4 that a 3/16- 
inch drill will also answer. 


Note. The only difference in using one or the other of the 
various drills would bein the fullness of the thread. The larger 
the drill, the less depth of thread. You can readily see that by 
using a drill too large, you would cut away the metal that should 
go to make the thread, and, on the other hand, if you use a 
drill too small, you would not be able to enter the tap. See 
note at bottom of Table 3. 


Tap and Drill Size for S. A. E. Threads 


Tap and drill size for S. A. E.: Table 5 gives prac- 
tically the same information as Table 4—but for 
S. A. E. capscrews. The first column gives the 
size of tap to use; the second column, the number 
of threads to the inch (pitch); the third column, 
the size of drill to use. 


To find what number of tap would be required, 
or the number of drill, the procedure would be the 
same as in the case of Table 4. The diameter of 
drill and tap would be the same as for the U.58.5%., 
but the number of threads per inch would be greater, 
as would also be the root diameter. A comparison 
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of the two drills for the 5/16” taps, for instance, will 
make this clear. 


Stove Bolt Threads 


Diameter Threads per Inch 
OY NOEs cist ne eae 24 
eer STS Re cher A 
5/16” ,.18 
Ms Cu Oa ee en a ot 16 


Tap and Drill Size for Pipe Threads 


Tap and drill size for pipe threads: Table 6 gives 
the size of drill to use for a certain size of pipe tap. 
The. Briggs standard is the one used in this country. 

Note that the threads on a 14” pipe tap are 18 
to the inch, whereas on the 8. A. E. (Table 5) there 
are 28 threads to the inch, and on the U. 8. S. 
(Table 4) there are 20 threads per inch. See also, 
page 700 for “Pipe specifications.” 

_ The diameter of a pipe tap is larger than a stated 
size of any other tap (see page 710). 


S. A. E. Threads 
Diam. in.| Pitch}/Tap Drill 


Pipe Threads 


ize Tap [BRIGGS STANDARD 

\“ astiiNe 4 Inches © 

5@. | 24 | 45 in 

3g. | 24 | bt 

Mm | 20 | % 

% 20 | %in 

% 118 | 4% 

% 18 | % 

a Sa ean ee | 

EN AG | 3 

Y% {t4,18) 85. 18 
il 14 | &% 

Table 5 Table 6 


The size of a No. 4 drill, as shown in the third column of 
S. A. E. threads above (Table 5) can be found by referring to 
Table 8 (page 712). It is .207. The nearest decimal to this 
on page 702 is .203, or 13/64’. 

Note that the 7%” S.A.E. thread with 18 threads per inch is 
for the 8.A.E. spark plug. 


DIES AND TAPS 


Tap and die sets are shown on page 699, under 
Figs. 22, 23, and 24. An explanation as to how to 
select and use dies and taps is given below. 


Dies 

The subject of dies is really a part of the tap 
subject, inasmuch as where the one is used, the 
other must be used also. The tap cuts a thread on 
the inside and the die cuts the companion thread 
on the outside. Thus you would “tap a hole” or 
nut, and “run a die over” a bolt or pipe. 

Dies, as in the case of taps, are divided into two 
classes: pipe dies and bolt dies. 

The better grade of dies are adjustable as to size, 
that is, you can make them cut a little larger or a 
little smaller than “standard.” This will be found 
to be of special value in repair work. 


a 


Fig. 30. Cutting male threads is accomplished with a die 
and stock, or on a lathe. When a die and stock is used, it is 
~ placed in a collet (C), and the collet and die (CD) are then 
placed in a stock (S). _ This is worked over the part to be 
threaded. The illustration shows a die and stock for cutting 
threads on machine screws, 


Fig. 31. A screw plate or gunsmith’s die. It cuts threads 
in the same manner as the one shownin Fig. 30, but there is no 
collet. Bicycle dies are often made in this form. 


LATHE TOOL 
Fig. 35 Fig. 36 


Fig. 33. Die without collet. Fig. 34. Sectional view collet 
and die. Fig.35. Threads may also becut ona lathe. Note 
the lathe tool cutting an outside, or male thread. Fig. 36. 
Note the lathe tool cutting an inside or female thread. The 
tool is held stationary—just the reverse of hand-cutting, 


Fig. 33 


Fig. 34 
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The solid die is non-adjustable, and, when worn, 
will not cut deep enough. As a consequence, the 
nut or fitting is nearly ruined by forcing it on. It 
sometimes happens that a cutting lip is broken off; 
this necessitates the purchase of an entire new die, 
whereas in the adjustable die one can renew—just 
the broken lip—at slight expense. 


How marked: Dies are marked as to size, num- 
ber of threads per inch, and whether right or left 


hand thread, designated by the letter R or L. Ina 


great many instances it is both necessary and con- 
venient to cut a left-hand thread, and it is advisable 
to have a few of the most used sizes on hand. (A 
brake rod, for instance, where it screws into the 
turnbuckle, has a left-hand thread.) 


Dies and their corresponding taps are so made 
relative to the diameters at the top and bottom of 
thread, that when the nut is screwed on the bolt, the 
extreme tops do not touch one another. In other 
words, there is a small space allowed, called the 
“clearance” (about .002’’). The real bearing sur- 
faces are the angular sides of the thread. This 
clearance space is accountable for the rust that is 
found in the threads of’old bolts and nuts, and it is 
in this space that the kerosene soaks, when applied 
to loosen up a rusty nut. 


See page 699 for illustration of a set of dies of 
various sizes and also the stocks in which they are 
used, as well as tap wrenches. 


The stock is the holder for the die while cutting, 
and usually has removable handles. 


“Screw plate set” is a term used to express the 
entire outfit, as shown on page 699. Although we 
have shown Fig. 30 as a die and Fig. 31 as a screw 
plate, the term is used as stated above. 


Screw Taps 


Taps may be divided into two distinct groups: 
bolt and pipe taps. 


Machinists’ hand taps are used for cutting internal 
threads in metal, and are usually bought in sets of 
three, viz., taper, following, and bottoming, as 
shown in Fig. 37. 


1 ar 9 
PLUG OR FOLLOWING TAD 


id SNES UL 
BOTTOMING Tap 


Fig. 37 


Pipe taps are used for cutting threads in pipe 
fittings and cutting threads for the insertion of 
pipes, pet cocks, drain plugs, etc. (see Fig. 39, also 
Table 6, Briggs standard, page 709). 


_ The taper tap (Fig. 37), so called Owing to its 
sides being tapered, is the one first used after the 
hole is drilled. This is in reality a roughing tool 
and does not give a full thread ‘unless run all the 
way through. It is used for open work, such as 
the truing up of the threads in a nut, and also for 
tapping various parts of the chassis, 


wane “following” tap (Fig. 37) is next used, and, 
in the majority of cases, is all that will be required 


to finish the tapping process. Where tapping is 
done in solid metal, this is the one generally used. 
If threads are desired clear to the bottom of the solid 
work, then the “bottoming” tap is used. 


The “bottoming” tap (Fig. 37): In many in- 
stances, the thickness of the metal is such that a 
tap cannot be run in far enough to cut a complete 
thread all the way to the bottom of the hole. It is 
therefore necessary to use the bottoming tap. 
There is no taper to this tool, consequently it cuts 
full size from start to finish, and the thread must be 
started with one of the other taps first. 


Flutes: This term applies to the grooves cut in 
the sides of taps for the reception of iron cuttings 
or chips and any foreign matter that might be 
present while cutting. It is the almost universal 
practice to make taps with four flutes, as shown in 
the end view of Fig. 45 (page 711). This makes 
it convenient to caliper the diameter, which other- 
wise could not be so easily done if there were five 
or any other odd number of flutes. 


Stiinta 


Fig. 38. <A 34” machinist’s tap. 


TTT 


Fig. 39. A 3%” pipe tap. 


Figs. 38 and 39 are intended to show the com arative differ- 
ence in size between a 34” machinist’s hand ap and ere 
pipe tap, as explained in the text. “a 


U.S. S. and S. A. E. Taps 


_ Sizes of tap: After the proper size of hole is drilled, 
it will then be in order to get the proper size and 
standard of tap necessary to cut the thread. 


Suppose, for example, you wished to ta 

pose, , S ap a hole to 
fit a 3g’ S. A. E. screw. If you drilled the hole of 
such a size as called for in Table 5, page 709, you 
would have used a 21/64” drill. ‘Therefore you 


would call for a 34” 8. A. EB, tap. 


If the bolt or stud was the U S. Stand ye 
: or st as t . ©. Standard 3 
HES use 2 5/16 ae in Table 4. Note that fhe 
W. Ai. tu. tap 1s 1/64” larger than the U. 8. S. (pag: 
709) and use a 3¢” Standard tap. stators 


If, on the other hand, you are workin a 3! 
pipe job instead of a bolt job, you would Havent 
a 9/16” drill (see Table 6, page 709). Therefore 


use a 3g” pipe tap. Notice that the drill used f 

vy Ss . 2 or 
a 38" pipe tap is nearly twice as large as that used 
for a standard bolt of the Same size (see Figs. 38 


and 39, above, for relative size). 


How Taps are Marked 
You will find on all taps at least two marks: They 


A great many taps are mark i 
‘ : ed with a 
instead of a fraction, thus: 14-20, means cuaeeea 


number of the tap is 14 ; : ae 
the inch. a and the threads are 20 to 
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In Table 3 (page 708) is shown a complete list 
of tap numbers from 0 to 30. Those marked with a 
+ mark are the sizes most used for ordinary work. 
The table also gives the proper size of drill to use 
with the various taps. The dimensions are given 
in thousandths of an inch. By referring to 
Table 1 of ‘Decimal Equivalents” (page 702), you 
can get the proper size in fractions of an inch. 


Tap Sizes 


Sizes of numbered taps: Taps from No. 1 to No. 
30 run from 1/16” to 7/16” outside diameter, varying 
approximately by thirty-seconds. 


Numbers above 30 are marked according to the 
size and thread; for instance, a 14’ tap (U.S. 8.) 
would be marked 14-13, meaning 14” size and 13 
threads to the inch. When taps are marked in 
this manner, they run from 14” to 1”, varying in 
1/16” sizes, or fractional parts of an inch. 


Size of taps most used: A set for small work 
would be from No. 1 to No. 30 (page 708, Table 3), 
which runs from 1/16” to 7/16” with variations by 
sixteenths, then from 14” to 1”, varying in eighths 
of an inch. Taps are seldom used over 1” for 
general auto work. 


Special Taps for Spark Plugs 
For regular 14” size (Fig. 13, page 235), with 14 
threads per inch, use the regular standard 14” pipe 
tap and a drill 11/16” (see Table 6, page 709). 


For S. A. E. 7%” size, with 18 threads per inch, 
use the 8. A. E. 1%” “special spark-plug tap.” 
Note, by referring to Table 5, page 709, that the 
standard 7%’ 8. A. E. screw tap has 14 threads, and 
the 8. A. E. spark plug has 18 threads. It is for 
this reason that a special tap is required. <A 13/16” 
drill is the proper size to use. 


The metric 18 m.m. size uses the metric 18 m.m. 
spark-plug tap (French standard). 


See page 235 for S. A. E. spark-plug dimensions, 
and page 236 for spark-plug gaskets. 


How to Use Taps! 


Before using a tap, the hole must be drilled to 
the proper size. Never use a monkey wrench or an 
S-wrench unless in a tight corner, as there is a 
liability of breaking the tap. 


Get the work perfectly level and rigid before 
starting the tapping, and start the tap true. 


When the tap is caught, sight or use a square (I'ig. 
40) to see if it is true; if not, turn the tap backward, 
and then forward, pressing in the direction required 
to straighten on the forward stroke only. 


Start the taping with a No. 1 tap, or ‘‘taper tap,”’ 
followed by the No. 2 or “following” tap, and if 
threads are desired a little large, or particularly 
clean, and to the bottom of a hole, then use the 
“bottoming,” or No. 3 tap. (See page 710 for the 
meaning of “taper,” “following,” and “bottoming” 
taps.) Fig. 41 above also shows the three taps. 


a 


Fig. 40 


Lard oil should always be used on taps, or dies, 
never a mineral oil. 


Brass or cast iron requires little oil; steel, a con- 
tinued application, and the tap should not be forced 
during the cutting. If the tap sticks, backing off 
and starting over will usually permit the tapping to 
be done with little exertion. 


Several methods are employed to make a tap cut 
Oversize. One is to pack the groove with cotton 
waste; another, to place a thin strip of copper or 
brass over one cutting lip, and another, to place 
the tap in boiling water, and cut the thread while the 
tap is still hot. Of the three, the first is perhaps 
the best method. 


Fig. 42. The tap should be started square, and with even 
pressure on each arm of the ‘‘tap wrench.” 


Fig. 45 


Fig. 43 


Fig. 43. A large tap and reamer wrench (Fig. 42) should 
never be used for small taps. Use the small ‘‘hand-tap-wrench”’ 
illustrated in Fig. 43. 

Fig. 44. Illustrates ascrew-pitch gauge, similar to that 
shown in Fig. 16, page 704. 

Fig. 45. End view of a regular type (4-flute) tap. See 
page 710 for meaning of ‘‘flute.”’ 


DRILLS 


Twist drills are the kind always used for boring 
in metals. They are generally made with two flutes 
or spiral grooves, for the reception of the cuttings 
or chips of the metal being drilled. 


Flute drills are those having flutes or grooves 
arranged longitudinally along their length. They 


1From Motor World. 


are mostly used for soft metal, and are the kind 
which usually come with hand drills in small sizes. 


Shanks: The part that goes into the chuck is 
called the shank. The shanks most generally used 
for a power-drill press are either straight or taper. 


Straight shank drills are used in lathes or in drill 
chucks. For instance, where a straight shank drill 
is desired to be used in a power drill press which 
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takes a taper shank only, then a taper arbor (B), 
Fig. 46, a be fitted in the end of drill chuck! (C), 
and the tapered end of the taper arbor (A) can be 
inserted in the drill press. This method is usually 
employed where the drills are 14” or less. 


Taper shank drills fit into the drill press without 
the use of drill chucks. 


A A STRAIGHT SHANK FLUTE DRILL 


Straight Shank Drill 
Blacksmiths’ Drill 


Fig, 46 


Taper Shanks on Drills 


Taper shanks on drills vary. For this reason, 
drill presses are usually fitted with four sizes of taper 
shanks as follows: 


For drills yy’ to %&’ with No. 1 taper shank 
For drills 32’ to 32” with No. 2 taper shank 
For drills 82” to 134” with No. 3 taper shank 
For drills 137” to 2” with No 4 taper shank 


How Drills Are Designated in Sizes? 


You will observe in Tables 7 and 8 that in the 
sizes from 114’ to No. 80 (0.013” or 13/1,000 of an 
inch) the drills are numbered and lettered. The 
No. 80 is the smallest size. In other words, the 
larger the number, the smaller the drill (see also 
“Drill Gauge,” on page 705). 


Drills from No. 80 to No. 1 (1/64” to 7/32’) do 
not bear size numbers or letters on them, but are 
measured on drill gauges (see page 705). 


Drills from No. A to Z (15/64” to 13/32”) have 
their size designated by letters stamped on their 
shank, 


Drills from Z to 114” have the actual size stamped 
on them (as 27/64” to 114”), 


Comparison of Tables 7 and 8 with Table 3: The 
exact size of a No. 30 drill, for instance, as given in 
Table 8, is 127 one-thousandths of an inch. In 
Table 3 (4th column) it is given as 131 one-thou- 
sandths. This difference is only slight, and does 
not affect the strength of the thread. This differ- 
ence is due to using a table of actual drill size (Table 
3), and a table of drill rods (Tables 7 and 8). 


1See page 693 for a drill and lathe chuck, 


2See page 709 for the size of drills to use for U. 8S. 8, and 
S. A. E. taps. 


Table 7 
Size Size Size 
drill D. E— drill D. E. drill D. EB. 
fone. 
0. O 0.316 
ie 1: 0. ty 0.3225) 
1% 1. 0. 0.302 
Ayerehs 0. At 0.2968) 
a} 0. 0. M” 0.2950) 
Hf 0. 0. L 0.290 
iy 0. 0. Ps 0.2812) 
aoe: 0. K 0,281 
3 0. 0. J 0277 
it 0. 0. 1 0.272 
3 0. 0. H 0.266 
poe 0. 4 0.2656 
a3 0. 0. G 0.263 
i ve 0. F 0.257 
oN 0. E 0.250 
ey ee 0. % 0.250 
jf 0. 0. D 0.246 
awe: ‘on GC 0.242 
+199. 0. B 0.238 
zene 0. Ag 0.2343 
Ds ee 0. A 0.234 
Table 8 
Size Size Size 
drill D. EB. drill D. £. 


drill D. E. 


17 02227 52 0.063 
2 0.219 0.0628 
va 0.2187 53’ 0.058 
3 0.212 540.055 
4 0.207 55 0.050 
5B 0.204 ek 0.046% 
43 (0.2031 56. 0.045 
6 0.201 57 0.042 
7 0.199 58 0.041 
8” 0.197 59 0.040 
9 0.194 60 0.039 
10 0.191 61 0.038 
110.188 62 0.037 
ts 0.1875 63 0.036 
120.185 64 0.035 
13 0.182 65 0.033 
14 0.180. 66 0.032 
15 0.178 sy 0.0312 
16 0.175 67 0.031 
17. 0.172 68 0.030 
0.1718 69 0.029 

18° 0.168 70 0.027 
19 0.164 71 0.026 
20 0.141 72 0.024 
210.157 73 0.023 
#2, 0.1562 74° ~~ 0.022 
22° 0.155 75 0.020 
23, 0.153 76 0.018 
24° 0.151 77 =: 0.016 
25 0.148 vx 0.0156 
26 0.146 78 0.018 
0.014 

0.013 


Drills from No. 80 to 114” size. D. E. means “decimal 
equivalent.”” For instance, a No. 1 drill is .227”” (two hundred 
and twenty-seven thousandths of an inch in diameter) 1 


How to Sharpen Drills? 


Few mechanics know how to sharpen a drill or 


how to tell when it is properly sharpened. Four 
factors are essential. They are: 


Yn Yy Uppy ( Yy 

¢ Ae 
Figs. 47, 48, 49. Results of improperly ground drills: Fig. 
7 has an unequal lip angle; Fig. 48 shows an unequal lip 

length; in Fig. 49, both lip angle and length are unequal. 


1 From Shield’s “Mechanic’s Guide Hand Book,” 


2From Motor World. Figs. 47, 48, and 49 are from Elec 
trical Experimenter. 
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1. Both cutting lips should have the same angle to 
the axis; otherwise the cutting will all be done 
by one lip, and the drill will drill oversize (see 
(Fig. 47). 


2. Both cutting lips should be exactly the same 
length; otherwise it will throw the point of the 
drill off-center, causing the drill to cut oversize 
(see Fig. 48). 


3. Proper clearance back of the cutting edge is 
necessary. Insufficient clearance causes the 
drill to drag, cut hard, and get dull quickly. 


4. The angle of the lips should be about 60° each, 
as shown in Fig. 51. 


To Sharpen 


5. Hold the drill lightly against the wheel, as 
orn in Fig. 54, with the cutting lip on the 
wheel. 


Wheels for drill grinding should be fairly soft 
and open so that they will not clog or burn. 
The drill should be pressed lightly against the 
the wheel and carefully watched to see that it 
is not burned and the temper drawn. Watch 
the surface from which the grinding wheel 
leaves, as the heat is concentrated there (see 
Index for ‘““Tempering drills and small tools’’). 


BEVELED 
E0GE 
Fig. 50 Fig. 52 
Fig. 50. Method of measuring cutting-lip length. 


Measuring the angle. 


Fig. 52. Method of beveling cutting lip to cut thin or hard 


material. 


6. Twist the drill and at the same time throw the 
right hand down in order to grind the proper 
clearance. 


Fig. 53 Fig. 54 


7. Check the length of the cutting lip, as shown 
in Fig. 50. 

8. Check the angles of the cutting lips, as shown in 
Figs. 51 and 53, when sharpening it. ‘The best 
cutting angle is 60°. 


Drilling 
9. Brass or thin sheet metal may be more readily 
drilled if the cutting lips are beveled, as shown 
in Fig. 52. This prevents the drill from digging 
; in and catching. 
10. Always clamp or hold the work being drilled to 


prevent the drill catching and breaking, and 
place a block of wood under the work. 


11. In starting to drill use moderate speed, gradu- 
ally increasing until the best cutting speed is 
obtained. 


12. When drilling small holes, speed the drill up and 
go carefully when the drill is breaking through 
the work. This is the point where the drill 
usually catches and breaks. 


13. When drilling large holes, say 34” to 34” in diam- 
eter, it is better to drill a small hole first. 


14. It is advisable to always make a center punch 
mark in metal to be drilled. 


15. Case-hardened steel must first be softened until 
an even red heat is reached, and re-hardened 
again. 


16. The following are the cutting compounds for 
the various metals: 


Hard steel—turpentine, kerosene; soft steel 
—lard oil, machine oil; brass—soda water, if 
anything; aluminum—kerosene; cast iron— 
none. An air blast is a very good cooling 
medium for cast-iron drilling. 


17. If the drill chips out at the cutting edge there is 
too much feed, or the drill has been ground 
with too much clearance. A split up the web is 
caused by the same improper grinding. 


Laying Out Work for Drilling 


The easiest way to lay off work for drilling, etc., 
on iron or steel is to cover it with a coating of chalk, 
which permits the lines to be scribed on the surface 
with a steel-pointed instrument so as to be readily 
seen. 


Fig. 56 


Mig, 5d Kg. 57 


Fig. 55. Accurately mark off the center distances with a 
pair of steel dividers, after first lightly prickpunching one center. 

Fig. 56. Shows the part to be drilled after having scribed 
it and prick-punched the centers. 


Fig. 57. The piece must be clamped to the drill table by 
steel clamps; otherwise the drill will wander, destroying the 
accuracy of the hole. 


All lines showing the size, location of holes, etc., 
are scribed out on the metal, previously chalked 
over, as mentioned, or, if on wood, simply by a 
hard pencil, and all centers of holes to be drilled 
should then be center punched by a hard-steel 
punch. 


The finished piece, with the center lines scribed, 
is shown in Fig. 56. 


When drilling a piece of thick metal, if the drill 
has a tendency to bore crooked or off the center, it 
can be re-centered again by cutting a groove with a 
diamond-point chisel on the side towards which you 
wish to draw drill, as shown in Fig. 58, next page. 
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Fig. 58. Left—The piece prepared and ready for drilling; 
the prick punch marks should be made carefully and lightly. 
Center—The groove should be made the depth to which it is 
desired to draw the drill, and on the side that the drill is to be 
drawn. Right—A triangular hole may be corrected in the 
manner illustrated. 


A diamond-point chisel, shown in Fig. 58A, should 
be used in “drawing” the drill. 


One method for finding the size drill to use for 
tapping is to select one that will be a sliding fit in 
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the die which goes with the tap. If the drill is to 
large to go into the die (a nut will do just as well 
the threads will not be full, and if it is smaller tha 
the die or nut, the tap will turn so hard that it wi 
probably break (see Fig. 58B). 


REAMERS 


Reamers are used a great deal in automobile 
work, as they enable one to enlarge a hole to any 
desired size without having to resort to any partic- 
ular size of drill. Simply drill a small hole and 
ream it out to size. 


Reamers are also used for reaming crank-shaft 
bearings, connecting-rod bushings, piston-pin bush- 
ings, ete. 


Each flute has a cutting edge which actually cuts 
the metal with a shearing action. 


Reamers are of two general types: straight flute 
(Fig. 60) and spiral flute (Fig. 59). The object in 
cutting the flutes spiral on a reamer is to prevent 
chattering, which is very likely to happen if the 
work is carelessly done. Straight-flute reamers al- 
ways have an odd number of flutes, so that no two 
flutes can ever be exactly opposite each other, and 
this also helps to stop chattering. 


Fig. 59. Spiral flute reamer, 


Fig. 60. Straight flute reamer. 


_ Fig. 62, Taper reamer designed with a head or stock to use 
in an ordinary brace, 


Fig. 63. 


An expanding type of reamer, 


Reamers are made in stock sizes from YY” to 
1%” by thirty-seconds and by sixty-fourths, and 
also in metric sizes. Most taper reamers are 
special, although there are a few stock sizes, 


Expanding reamers are ground .005/ undersize, 
and can be brought up to .005” oversize. 


Use of Reamers 
Reamers are used for reaming out such parts as 


piston-pin bushings, steering-spindle bushings 
transmission-gear bushings, cam-shaft front and reas 
bushings, crank-shaft bearings, ete. In fact, they 
are indispensable to the repairman. 


A reamer for piston-pin bushing is shown in Fig 
73. It is used for reaming through both the piston- 
pin bushings for perfect alignment of the piston pins. 


Fig fe 


VALVE 
RESEATER 


G76 AND 760A 
IN BEARING REAMERS 


Piston-pin hole reamer, 
Valve reseater, 
Fig. 75. Cylinder reamer, 
Main bearing boring tool. 
Main bearing reamers. (Motor World.) 


Aligning Reamer 


A reamer, as shown in Figs. 76 and 76A, is 
designed to ream all three main bearings simul- 
taneously, and saves much time in scraping and 
refitting bearings. 


The unequal distribution of weight and of driving 
strain on the crank shaft of an engine naturally 
causes unequal wear in the main bearing. It can 
be seen that tightening up on the bearing caps only 
will spring the shaft out of line and throw additional 
strain on the bearings, causing them to wear loose 
again very rapidly. This reamer will bring all 
bearings to proper size and perfect alignment. An 
allowance of .0025” is made for wearof the crank shaft. 


This reamer can also be used for reaming the con- 
necting-rod lower bearings, as they are of the same 
diameter as the main bearings. (Can be'secured of 
K. R. Wilson, 16 Lock St., Buffalo, N.Y., and also 
of automobile supply houses. 


KEYS, KEYWAYS, NUTS, AND STUDS 


CUTTING A KEY-WAY; TYPES OF KEYS 


Key-way cutting with a chisel is an art that 
requires skill. There are many men who can cut 
a key-way nearly as well as can be done by a ma- 
chine; not so the amateur. The first thing to do is 
to mark out on the shaft the key-way required, with 
a line to show the center. It is best to drill a series 
of holes in the shaft to the depth of the bottom of 
the proposed key-way with a flat-bottom drill. The 
holes should not be in actual contact; if they were 
so, the drill would not bore straight. Then, with a 
narrow cape chisel, chip away the intervening spaces 
and file with a small, blunt, square file. Allow the 
file to work up to the ends of the key-way. The key 
must be of steel, fitted to the bed on the bottom of 
the key-way and tight at the sides. Keys of dif- 
ferent sizes (in the rough) can be bought at tool 
shops. The key and key-way must be slightly 
tapered. The key-way will be found shallowest 
in the middle; this must be worked down, using the 
edge of a flat file. 

Note. Key-ways on automobile work are seldom cut by 
hand, but are milled on a milling machine, or by a special key- 


way cutting machine. This explanation is given as a matter of 
information. 


Keys 


There are three kinds of keys used on shafts: 
the square key, the round, and the half-disk type, 
called the Woodruff. 


ROUND SQUARE 
KEY EN Woodruff Keya, 
| (6) SHAFT 
Fig. 77 Fig. 78 Fig. 79 


_ The Woodruff key is used more on automobile 
work. It is the easiest to remove and to apply, but 
when fitted, the shaft must be milled on a milling 
machine to take this key (see Figs. 80, 81). 


The round key (Fig. 77) is seldom used because it 
is difficult to remove. If, however, a quick job is 
desired, the round key is the most speedy, as a hole 
can be drilled and the round key hammered in (not 
advised except on temporary work). 


The square key (ligs. 78, 79), if applied properly, 
can easily be removed. 
Woodruff Key-Ways 
The key-way for a Woodruff key must be milled. 


Fig. 81 Fig. 82 


A shaft that has been milled for a Woodruff key 
is shown in Figs. 80 and 81, with keys inserted. 
(X) (Fig. 81) equals the thickness of the key. The 
key should project above the shaft one-half its 
thickness. 


Standard key-ways for pulleys and shafts: Table 
) shows the recognized standard for the depth and 
width of a key-way in pulleys. The same formula 
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i Width (W)|Depth (H)| Radius 

Diameter (D) of Hole of Keyway|of Keyway|] (R) 
3/8” to 9/16” SBP 3/64” 
5/8 to 7/8 1/8 1/16 030 
15/16 tol 1/8 5/32 5/64 035 
1 3/16 tol 3/8 3/16 3/32 040 
L/16) to 13/4 1/4 1/8 050 
1 18/16 to 2 5/16 5/32 060. 
2 /AG bo 2/2 3/8 3/16 060 
2 9/16 to 7/16 3/16 060 
Table 9 


of course may be used for the depth and width of 
a key-way in a shaft. A list of the standard sizes 
of key-ways, both for pulleys and shaft, is given. 
ae radius (R) refers to the round corners on the 
key. 

A Drift 


A drift (Fig. 83) is used for many purposes. In 
this instance it is used with square keys. 


If the shaft projects from the boss, a drift should 
be used to prevent damaging the key-way by the 
blows of the hammer. The drift (Fig. 83) is a steel 
tool with a hardened nose. They are sometimes 
curved (note the dotted lines), as in many cases it 
is impossible to get a straight blow ata key. Care 
should be taken not to burr up the end of the key. 
A piece of heavy copper held over the end of the 
key by an assistant will prevent this. 


Tightening Nuts on Cylinder Heads 


Attention is called to the method of tightening 
the nuts on a detachable cylinder head, as well as 
to the importance of locking nuts to prevent them 
from coming loose. 


Detachable cylinder heads are now quite gener- 
ally used, and it is very important that they be kept 
tight against leakage at the joint with the main 
cylinder casting. <A striking loss of power in a cer- 
tain engine was puzzling until a thorough inspection 
revealed that some of the head bolts were loose, 
allowing some of the compression pressure to 
escape. 


There also are many instances of careless tighten- 
ing of heads and cylinder blocks which has resulted 
in cracking the casting. This is due to drawing 
down one bolt or series of bolts too tightly before 
equalizing the strain by tightening others in another 
part of the casting. The object is to pull the casting 
down uniformly without any tendency to bend or 
distort the piece. 


In the diagram (Fig. 84A) (the Dort cylinder 
head), the cylinder head has fifteen bolts, and the 
numbers on the diagram indicate the order in which 
they should be tightened. It will be seen that the 
center bolts are adjusted first; then the rest are 
tightened alternately. 
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DYKE’S INSTRUCTION No. 64 


REMOVING TIGHT NUTS AND STUDS; LOCKING NUTS, ETC. 


To Remove a Tight Stud 


A method of removing a tight stud is to use two nuts and 


lock them, keeping the wrench on the lower nut (Fig. 84). 


Fig. 84 (upper) 
Fig. 84A (lower) 


Removing a Broken Stud 


A broken stud or screw (S) (Fig. 85) can best be removed by 
a special-left-hand drill (D), called the “Ezy-out,”’ manufac- 
tured by Cleveland Twist Drill Co., Cleveland, Ohio. 


Other methods are: Pour kerosene around the stud to soak 
into the threads. If a piece of the broken stud stands above, 
the broken part may be removed with a chisel and hammer— 
not a sharp chisel, however. A diamond-point chisel is best. 
If it will not move, then drill it out, using a drill well under the 
size of the thread. The hole should then be cleaned out with 
a tap, the same size as the thread. In the case of a hardened 
set screw which is broken, use a blow torch and heat. Another 
method: If the broken part projects, saw a slot and use a 
screwdriver. 


Over-Size Stud in Worn Bolt Hole 


Use an over-size stud which will make a tight fit in the top 
of the cylinder-stud bolt hoies; then either file, bore, or ream 
a hole out in the cylinder head so that it will take the over-size 
stud youaretouse. For instance, if a 5/16’, use a 34” tap and 
stud bolt. Ifa 34’, use a 7/16” tap and stud bolt. If a 54”, 
use a 34’’ tap and stud bolt. The holes could be drilled out 
if you have noreamer. A straight reamer would be best. 


To Remove a Tight Nut 


Try heating it, if it cannot be budged with a wrench. Try 
pouring kerosene on the nut and bolt and let it stand for an 


hour or so. Drill holes in the nut and split it with a chisel if 
u a not come otherwise. This will save the threads of the 
olt. 


A Stripped Nut Will Not Grip 


Usually the fine-thread nut is the one which causes this 
trouble. A method that may be adopted is to reline the nut 
uniformly with soft solder and then give it a start on the bolt, 
and, by working it down the thread, a little at a time, to cut a 
new thread inside the nut. 


The soldering part of the operation is simple enough, the 
nut being fastened to a piece of iron wire, dipped in the killed 
spirits, and then held in the blow-lamp till hot enough to melt 
the solder. The same process reversed would apply equally 


well to a stripped bolt and nut used to cut a new thread on it. 


Fig. 85A (next column). 
Screws in inaccessible places. 


Fig. 85B, Cut_a slot in a cap-screw head with a hack saw 
and use a screwdriver to start capscrews in inaccessible places, 


A simple method for inserting 


Fig. 85C. Showing the method for tightening a loose 
throttle-control lever. Remove the lever from the car, place 


it on the anvil portion of the vise, strike it a few sharp blow: 
with a hammer, as indicated in the illustration. 


Methods of Locking Nuts and Studs 


To prevent nuts from coming off, various locking devices are 
employed. The first one shownin Fig. 86 to the left is the well- 
<nown and most used lock washer. The next one is used a 
great deal also, and is operated by using two nuts. By holding 
the top one and backing off the lower one slightly, the nuts are 
securely locked. The next one is also used a great deal in 
connection with castellated nuts. The two other methods are 


used extensively by the Navy Department (absolutely sure, 
but expensive). The lower cuts show # plan view of the 
various locking devices directly above. 


A stud locking method is shown in Fig. 87. It sometimes 
happens that after securely locking the nut on a stud, the stud 
unscrews itself at the other end, and is lost. When wired as 
shown in the lower cut, this is prevented. 


RIGHT 
WAY 


Om 

Wrong and right way to secure a cotter pin: (1) Head of 
cotter not in slot of nut—turned wrong. Ends not split right— 
turned wrong. This combination will soon work loose and come 
out. (2) Head of cotter in right—pounded down firm—a snug 


fit in hole. End of cotter pounded back over end of b 1t— 
other end pounded down. Cotter should be tight. ne 


FILES 


Kinds: There are many different kinds of files, 
but we will deal principally with those used for 
metal work and suitable for automobile repair shops. 


Shapes of the files in generaluseareshownin Fig. 88. 


Cutting surfaces are shown in the upper row of 
Fig. 89. The coarsest metal cutting file is the 
“bastard-cut”; the next is the “second-cut”: the 
next, “‘smooth-cut”; then, “dead-smooth.? ote 
that the finer the cut, the closer the teeth are to- 
gether. Coarse-cutting files are used for soft metal 
or for removing a quantity of metal, and finer cut 
files are used for finishing or for harder metals. 


Method of cutting teeth on a file: The teeth can 
be “double-cut” or “single-cut,” but this does not | 
interest the purchaser, as the manufacturer makes 
some of the files “single” and some “double” cut. 
But whichever way they are made, the point that 
determines the cutting surface of a file is as given 
in the paragraph above. 


The flat file (1) (Fig. 88) tapers, but not to a fine 
point. Used for filing flat surfaces. A very popu- 
lar file. Can be had in any of the grades of cutting 
surfaces as shown in the upper row of Fig. 89, 


Teeth are usually a “double-cut.” This fi 
in lengths from 3” to 18’, i psa 


' 


FILES 
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Fig. 88. Shapes of files in general use. 


CUT- 


| 


ial 
GABA =: wt Sl 
a.) 6 
e \! 
Sis 
CUT ~~- FLOAT CUT 
together, the finer the cut. The lower row illustrates different 
very much for the same purposes as the “‘flat’’ file 
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DOUBLE RASP 

Fig. 89. The top row illustrates the different cutting 
grades of files that can be obtained; the closer the teeth are 
methods of cutting teeth on files. 

The hand file (2) (Fig. 88) is also a flat file. Used 
(1). Does not taper towards its end, but does taper 
in thickness. ‘This file can also be had in different 
“double-cut.’’ There is one point, however, where 
it differs. It has one or both edges plain (not cut 
for beveling piston-ring grooves as shown in Fig. 
90. Comes in lengths of 3” to 16”. 


Mill file (3): Is also a flat file. Used very much 
for the same purposes as the “‘flat’”’ and “hand” file, 
but is of a cheaper.-make. Teeth are usually a 
“single-cut.”” Can be had in the different grades 
of cutting surfaces, but one point to remember about 
a “mill” file is that it is one grade finer cut than a 
“flat” or “hand” file. That is, if you call for a 


“mill” file with a “bastard-cut,” it will be equal to 
a “hand” or “flat” file of a ‘“‘second-cut.’”’ Lengths, 
3 stolen. 


Warding file (4): Is a flat file, but very thin, 
about half the thickness of other flat files of the 
same length. It tapers sharply to a point towards 
its end. Used for work where space is limited. 
Can be had in different grades of cut. Teeth are 
usually “double-cut.” Lengths, 3’ to 10’. 


Half-round file (5): Tapers. Can be had in dif- 
ferent grades of cutting surfaces. Teeth usually 
“double-cut’”’ on one side and ‘‘single-cut”’ on the 
convex or round side. Used for work curved in 
shape; the flat side is used for flat work. Lengths, 
ay” to) 1% 


Round file (6): Tapers. Used for enlarging 
round holes, ete. Is usually a ‘“‘bastard-cut.” 
A small round file is known as a “Tat-tail’’ file. 
Lengths, 4” to 18’. 


Square file (7): Tapers. Usually a “bastard- 
cut.” Teeth “double-cut.’”’? Used principally for 
enlarging apertures square in shape or rectangular. 
Lengths, 3’ to 18’. 


A square “blunt” file is a square file which does 
not taper, but preserves its sectional shape from 
point to tang. It is used for finishing and enlarg- 
ing mortises, key-ways, or splines. Usually ‘“bas- 
tard-cut”; ‘‘double-cut.”’ Lengths, 10’” to 20”. 


Triangular files (8): Come in many different 
names as ‘“‘three-square,” “handsaw taper single- 
cut,” “handsaw taper double-cut,” “slim taper,” 
and ‘extra slim taper.” 


The three-square file tapers and its teeth are 
usually ‘‘double-cut,” with cutting surfaces mostly 
“bastard.” Used for filing out square corners, 
filing taps, cutters, cutting steel tubing, notching 
round bars, etc. Lengths, 3” to 18”. 


The handsaw taper single-cut file tapers to a small 
point. Teeth ‘“single-cut.” Usually a “second- 
cut.”’ Used for sharpening handsaws. The three- 
square file is not suitable for sharpening handsaws. 
Lengths, 3” to 10’. 


The handsaw taper double-cut file is another tri- 
angular file with teeth ‘“‘double-cut,” and a “‘second- 
cut”? surface. Used for filing fine-tooth hand and 
metal workers’ hack saws, which are harder than 
wood saws. Lengths, 3” to 6”. 


The slim taper: Teeth are “single-cut” with 
“second-cut” surface. It tapers and is triangular 
in shape but very light; in other respects like the 
“handsaw file.” It has superseded the regular 
handsaw file as it has a greater sweep or stroke. 
Lengths, 3” to 10”. 


Extra slim taper: Lighter stock than the slim 


taper. Teeth usually “single-cut” with ‘“second- 
cut’’ surface. Generally tapers, but occasionally is 
blunt. Lengths, 4’’ to 8”. 


Other triangular files are the “bandsaw file” for 
filing the teeth of a bandsaw; the ‘“‘cantsaw file” 
for filing cross-cut saw teeth, and the ‘“ginsaw file,”’ 
which is a 4”, three-square, single-cut. 


Wood rasp file (9): Is a very coarse-cut file. 
Note the “rasp-cut” in Fig. 89. Rasp files can 
be had with teeth shaped as shown, but in the dif- 
ferent grades of fineness of cuts, as “coarse,’’ “bas- 
tard,” ‘“‘second-cut,” and ‘‘smooth.” Can also be 
had in flat and half-round shapes. They are used 
for various purposes, as for wood cabinet work, 
wheelwright, carriage, and, to some extent, by 
plumbers and marbleworkers. 
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Coil file (10): A very fine, flat file, made espe- 
cially for dressing down vibrator and screw points on 
ignition coils and platinum interrupter points on 
magnetos and timers. 


Files to Use for Different Work 


The larger the work, the larger the file. For flat 
surfaces, use the “hand,” “‘flat,’”’ or ‘‘mill’’ file. 

If the work is in a thin narrow space, use the 
warding file. If for interior work, curved or square, 
use the round, half-round, and square file. 

For cast iron, use the “bastard-cut” to begin the 
work, and finish with a “second-cut.”’ Cast iron is 
softer than steel. 

For soft steel, use a “second-cut” to begin the 
work, and finish with a “smooth-cut.” Ifa “mill” 
file is used, see ‘‘Mill file (3).”’ 

For hard steel, use a ‘“‘smooth-cut,” finish with a 
“dead-smooth.”’ = 

For-brass or bronze, use a “bastard-cut,” and 
finish with a “second” or ‘‘smooth-cut.”’ 

For babbitt, aluminum, lead and soft metals, use a 
“Dastard-cut.” A popular file used for soft metals 
is a “float”? or “open-cut” file, which has wide, 
deep, open-cut teeth, which do not fill up as readily 
as those of a finer cut. ° 


How to File 


First, select the file suited for the work. 


Second, the vise jaws should be about 42” from 
the floor. 


There are three general methods of using a file: 
“cross-filing,” “draw-filing,”’ and “revolving-filing.”’ 


» CROSS FILING > 

Fig. 90 
Fig. 90. 
Fig. 91. 


DEAW FILING 
Vig, 91 
Cross-filing. 
Draw-filing. 
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Cross-filing: Fig. 90 represents the position of 
the file when used for filing flat surfaces. The file is 
grasped firmly but not tightly. The far end of the 
file may be grasped with the left hand, but not in 
such a way as to assist the left hand in drawing the 
file forward. The right hand will push it forward, 
and the left hand will regulate the pressure desired 


If the pressure of the hand be equal through the 
stroke, it will be greatest on the corner nearest the 
workman at the commencement, and on the other 
corner at the end of the stroke—due to the leverage 
—and will tend to form a curved surface by impart- 
ing a slight rocking action to the file. 


Therefore the pressure must be greatest on the 
left hand at the beginning of the stroke, and as the 
file crosses the work, must be gradually diminished 
on the left hand and at the same time increased on 
the right hand. 


Notwithstanding this, it is impossible to file truly 
flat. If the work be examined with a straight edge, 
it will be found higher in the middle. 


Draw-filing: To reduce this high part, recourse 
must be had to draw-filing (Fig. 91), which is the 
method used for filing bearing caps, which must be 
filed even or they will not fit up snug against the 
opposite member. _The file is held at both ends and 
is operated over the work at right angles to the 
length of the file. In this position the cutting stroke 
can occur on the forward or the return stroke or 
both. An even pressure on each end of the file is 
necessary, and if this is effected, there will be little 
danger of filing one side more than the other, and 
the oscillation, which is certain in cross-filing, is 
mostly done away with in this method. 


Revolving-filing: Is filing done on work in a lathe 
chuck, or in some cases while in a drill press. Be, 
cause of the work revolving at a greater rate of 
speed than the file moves in bench filing, the strokes 
are less frequent, but should continue through the 
length of the file, thereby bringing all the cutting 
edges into service. Hold the file in the same man- 
her as In cross-filing in the vise. Do not exert as 
great, a pressure as in cross-filing or draw-filing, 
Special “machine files” should be used where con. 
siderable of this work is done. 


INSTRUCTION No. 65 


MISCELLANEOUS REPAIRING: How to Solder; How to Braze; How to Case- 
Harden and Temper Steel, etc.; How to Straighten Metal Parts; Repair- 
ing and Adjusting Silent Chains; Gaskets; Radiator Repairing 


EQUIPMENT FOR SOLDERING 


The equipment required for soldering consists of 
a blow-pipe torch, soldering irons or coppers, and 
solder, acid or flux. 


Blow-Pipe Torches! 


There are many different methods of heating a 
soldering iron, the usual method being with the 
use of blow-pipe torches as illustrated below. 
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Fig. 1 Fig. 2 
high i 
to be pumped into the gasoline tank (B). 
very light work. 
Fig. 2. A single-jet blow-pipe torch. 
Fig. 3. A double-jet blow-pipe torch. 


The “baby” blow-pipe torch does not require air 
It is intended for 
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Fig. 4 Mis 5 
Tig. 4. A gasoline torch or “fire pot,”’ designed for melting 


solder and lead; used extensively by plumbers for wiping lead 
joints. 

Fig. 5. A large-size gasoline blow-pipe torch designed for 
brazing, pre-heating, and general work. ‘The | principle of 
operation is similar to that explained in Fig. 12. With the 
torch shown in Fig. 5, about 75 Ibs. of air is pumped into the 
gasoline and air tank by the hand air pump. The tank is 
usually of a 10-gallon capacity. 


A Home-Made Gas Blow-Toreh 


Small soldering jobs, especially in cramped quarters, may 
be most readily done by means of a blow-toreh. Such a torch 


Fig. 6 


1 Imperial Brass Mfg. Co., Chicago, ill., and Clayton & Lam- 
bert, Detroit, Mich., manufacture blow-pipe torches. 


may be made from pipe fittings m the manner illustrated (Fig 
6). In brief, it comprises a piece of pipe, attached to the gas 
main by a length of rubber hose, with another piece cf pipe, 
attached to the air line and welded to the gas nozzle, as shown. 
A spacer cross-brace is welded between the two pipes at the 
rear, making a torch a unit. A valve on the gas pipe renders 
regulation of the flame easy. Though this torch is somewhat 
small for brazing jobs, a heavier torch could readily be made 
for that purpose. 


Gas Torch and Soldering Iron 


(A) copper soldering iron; (B) gas-burner tube; (C) gas 
burner; (D) gas tube to connect hose. 


Fig. 7 


The gas-heated soldering iron (Fig. 7) can be used with illumi- 
minating or acetylene gas by attaching it to a gas burner or 
to a Prest-O-Lite tank with a rubber tube. By removing the 
soldering iron, the burner can be used as a blow-pipe for braz- 
ing, and also for soldering aluminum. (For sale by automobile 
supply houses.) 


Starretts Gas Heater 


The heater (Fig. 8) will be found very useful in the machine 
shop, as it is convenient for tempering small tools, heating 
soldering irons, melting lead, babbitt, etc.; and as a forge for 
light work it will be found very valuable. 


Fig. 8 


It consists of one, two, or three burners (B), with or without 
a tool holder, and is connected to the ordinary gas jet at (T). 
A ladle (C) 14” long, holding 12 o0z., can be had of the same 
company, L. HE. Starrett, Athol, Mass. 


Soldering Copper or Iron 


A soldering copper or iron (Fig. 10) is a wedge- 
shaped block of copper, fitted in an iron fork with a 
wooden handle. Preparatory to its use, it is placed 
in a clear fire, or gas or blow-pipe torch burner until 
it is hot enough. The usual size used is No. 1 or 
No. 2 (1 lb. and 1% lb. in weight, respectively). 


ACID 
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METAL SNIPS-OR SHEARS = 
Fig. 10 (above) 
Fig. 11 (below) 


Fig. 9 


If the copper is a new one, it must be tinned. 
When hot, file off the scale on both sides and ends 
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for a quarter of an inch from the tip, so that the 
metal will be clean and bright. Dip the nose in the 
soldering fluid for a second, and then apply it to 
the stick of solder. A globule will melt off on to a 
piece of dry brick or tinplate which must be ready 
to receive it. Rub the nose of the copper in this 
solder, which will adhere to it as quicksilver does 
to zinc. The copper can then be used. Copper is 
used because copper readily absorbs heat and will 
retain it longer and give it off again rapidly. 


_ The soldering copper must not be allowed to get 
red hot, as the tin will be.burned off and the tinning 
process must then be repeated. The reader should 
practice soldering at leisure. 


How to Solder 


In soldering two parts together, it is necessary 
that the contact surfaces be perfectly clean. A 
clean file, scraper, emery cloth, or a little acid is 
generally used in cleaning the surfaces. Some- 
times, especially in old work, the emery cloth will 
not get a clean surface. A dark spot may be a 
depression; the file must then be used. 


If the work to be cleaned is greasy, clean it first 
with hot water and soda. ' 


After cleaning, the surface to be soldered should 
be warmed, and swabbed with prepared acid—that 
is, muriatic acid which has been prepared by dis- 
solving in it as much zinc as it will hold. 


The flux or acid generally used may be prepared 
in the following manner: To Y pint of muriatic 
acid add scraps of zinc in a pot (Fig. 9) until the 
acid ceases to bubble and a few small pieces of the 
metal remain. Let this stand for a day; then care- 
fully pour off the clear liquid, or filter it through a 
piece of blotting paper. Add to this a teaspoonful 
of salammoniac, and when dissolved the solution is 
ready for use. 


A solution of salammoniac and borax also makes 
a good flux for soldering copper and brass. 


Wire solder, containing a flux, is generally used, 
thus saving the necessity of a separate flux or acid 
(obtainable from the Chicago Solder Co., 4203 
Wrightwood Ave., Chicago, Til.). 


Soldering Pointers 


The melting point of the soldering material must 
be lower than that of the article being soldered (see 
Index for melting points of different metals). 


Hard soldering or brazing is a term used when 
the soldering mixture is composed largely of copper, 
brass, or silver. Use borax for flux. Hard solder- 
ing is best where the material will stand intense heat. 


Soft soldering is the ordinary half-and-half (one- 
half lead and one-half tin). Plumbers’ solder has 
2 parts of lead to 1 of tin, and is therefore still 
softer than half-and-half, in order to fit it for work- 
ing on lead pipe. See pages 738, 736 for solder for 
radiator repairing, known as “50-50” solder. 


Sweating is a term used where the solder is applied 
to a surface to be soldered and the hot iron is then 
held on it until it “sweats” or runs in. 


For electrical work use resin or a soldering paste, 
as acid sets up a resistance in the joint. 


After an iron has been cleaned and heated and is 
then rubbed on a piece of “fluorite,” the tin or solder 
will spread readily thereon. 
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How to Operate a Gasoline Torch—Single-Jet 
Type 
Fill about two-thirds full of gasoline; the filler 
plug on this type of torch is at the bottom of the 
tank. The torch is turned up-side-down, the gaso- 
line is poured in, and the plug is screwed up tight, 
making sure that it does not leak. 


GASOLINE 
ADJ, VALVE MIXING 
TUBE 
~S HEATER 
D 
AIR 
; P. 
GASOLINE 
AIR TANK 
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IN CENTER 


Fig. 12 


Air is then pumped into the tank by the hand 
air-pump plunger, after first opening the air inlet 
valve (Fig. 12), and after making sure that the 
gasoline adjusting valve is closed. 


Next hold the hand over the mixer tube, and 
slowly open the gasoline valve at which point 
gasoline will drip into the heater, Light this gaso- 
ne with both valves closed. This heats the pipe (R). 


After the gasoline in the heater has burned up, 
the heat should be sufficient to vaporize the gasoline, 
causing air and gasoline to flow through the pipe 
(L) and (R) from the tank to the burner or mixer, 
when the gasoline valve is opened. A match is 
applied to this mixture, and the resulting flame 
should be blue in color; if it is yellow, the heating 
is not sufficient, and the operation must be repeated. 
It is advisable to protect the flame from wind while 
heating. 


All torches work on the same principle. Some, 
however, have two valves (as shown in Fig. 3, page 
719); this type is termed a “double-jet.” They 
are also constructed with pots over the flame in 
which to melt lead; these are termed “fire pots” 
(Fig. 4). 


For brazing, a similar principle is resorted to, 
except that a larger tank and burner and a separate 
air pump are used, as shown in Fig. 5. 


Fig. 14 


Fig. 13 


Fig. 13. A soldering-iron stand which can easily be made, 
and is well worth the necessary time and labor. 


Fig. 14. The usual method of placing a soldering i 
a blow-pipe torch to be heated, s = met a! 


Soldering Aluminum 


There are various compounds on the market for 
soldering aluminum, but this operation depends 
more on the workman than on the solder, and 
unless considerable experience has been had,. it is 
probably better to purchase solder than to attempt 
making it, 


EQUIPMENT FOR SOLDERING, ETC. 


The chief difficulty in soldering aluminum is that 
the heat is dissipated so rapidly that it cools the 
soldering iron. Furthermore, aluminum oxidizes 
instantly upon exposure to the air. This extremely 
thin film effectually prevents a perfect union being 
made. If the parts are well heated and melted 
solder is kept melted by allowing the iron to stand 
on it, the surface can be scraped beneath the melted 
solder by the point of the soldering iron, thus pre- 
venting oxidation to a certain extent. In this way 
the metal can be tinned. When both parts to be 
brought together,are well tinned, the parts can be 
united with some chance of success, nitrate of silver, 
resin, or zinc chloride being used as a flux. 


A nickel soldering tool gives more satisfactory 
results than a copper one, as the latter alloys with 
the tin and soon becomes rough. 


The parts to be united must be thoroughly 
cleaned. If the surface is of such a shape that it 
cannot be readily cleaned by scraping, it can be 
cleaned by dipping it into a solution of nitric acid 
in three times its bulk of hot water containing about 
5 per cent of commercial hydro-fluoric acid. This 
causes a slight action on the surface of the metal, 
as shown by bubbles. Rinse the metal after remov- 
ing from the acid bath and dry in hot sawdust; or 
thoroughly clean and allow it to stand two or three 
hours in a strong solution of hyposulphate of soda 
before being operated upon or cleaned in the acid 
bath described above. 


Aluminum solder: The following formula, in the 
hands of a competent man, can be used to unite 
aluminum or aluminoid parts: tin, 10 parts; cad- 
mium, 10 parts; zinc, 10 parts; lead, 1 part. It 
is best however, to purchase the solder ready made. 
Concerns making a specialty of aluminum and braz- 
ing solder are: Aluminum Brazing Solder Co., 
Widener Bldg., Philadelphia, Pa.; this concern 
claims that with the use of Peters aluminum and 
brazing solder crank cases, etc., can be successfully 
repaired. The Victory Aluminum Solder Co., 
3334 Kedzie Ave., Chicago, Ill., is another manu- 
facturer of this class of solder, 


Soldering Cast Iron 


To solder and tin cast iron, dissolve as much zinc 
as possible in one quart of common muriatic acid. 
Take a half-pint of warm water and dissolve in it 2 
oz. of salammoniac. In a-half-pint of warm water 
dissolve 2 oz. of chloride of tin. Then mix all 
thoroughly. 


Where cracked cylinders, etc., are to be repaired, 
half-and-half solder is melted with some copper 
added. If this is used with the acid just described, 
excellent results will be obtained. A mixture of 
about 5 parts tin and 1 part copper is also recom- 
mended. 


Another method of soldering cast iron: Clean 
the parts with a file until bright; also use muriatic 
acid. Wash the acid off with water. Then use a 
hot soldering iron and soldering acid (muriatic acid 
cut with zinc), so as to clean the pores of the iron 
where it is to be soldered. The work must be 
brought up to the heating point required to melt 
solder. When the work is thoroughly cleaned and 
heated in this manner, cool it with a solution of 
copper sulphate (copper sulphate dissolved in water). 
This will give a coppered surface. After coating, 
wash the surplus off; then use soldering acid, the 
solder and a hot soldering iron, and sweat or run the 
solder in. (Sheet Metal.) ; 
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Flux for Soldering Different Metals 


Iron and steel: sal ammoniac or chloride of zinc. 
Tinned iron: borax, sal ammoniac. 

Zinc: chloride of zinc. 

Copper and brass: rosin or chloride of zine. 
Lead: tallow or rosin. 

Lead and tin: rosin and sweet oil. 


Gasoline Feed-Line Repair 


A broken gasoline feed line (taken as an example 
of soldermg) may be quickly repaired by scraping 
the tube near the break, and winding it for 1 in. on 
each side with clean copper wire. The wire should 
then be heated, covered with soldering flux, and 
sweated together with solder. A solid sleeve is thus 
formed that makes the pipe stronger than originally. 

COPPER TUBING 


a 


Fig. 15 


Gasoline pipes sometimes get loose in the sockets 
of the unions. This is due to bad fitting, and shows 
that there is not sufficient elasticity in the pipe; it 
is too rigidly held. The screwing up of the union 
strains the pipe, and the vibration on the road 
causes the pipe to give way at its weakest point, 
namely, the soldered joint. If the pipe gets loose 
more than once, it shows that there is something 
wrong. A longer pipe should be put in, having a 
U-bend in it, or a complete circle, to give elasticity. 
The U-bend, or circle, should lie horizontally, with 
a drop towards the carburetor, otherwise there 
may be what is called an air-lock in the pipe, and 
the gasoline will not pass through. 


If the carburetor float leaks (if of metal), it can 
be repaired with solder. Sometimes it is difficult 
to find the leak. For one method of locating it see 
Index under “Carburetor float repair.” 


Brazing 


Brazing is infinitely stronger than soldering. It 
is by brazing that bicycle frames are built up. 
Bicycle makers use a gas blow-flame. This consists 
of two parallel pipes—one for gas and one for air. 
The air, which issues under pressure, causes a 
strong and very hot flame. The air pressure is pro- 
duced by a small bellows worked by the foot. ‘The 
work may be done with the torch shown in Fig. 5 
(page 719). 

The hard solder, as it is sometimes called, is a 
brass that melts at a low, red heat. It is generally 
bought in packets, and is in grains about the size of 
a pin’s head. _ Brass wire is also used. _ After being 
wound around the part to be brazed, it melts and 
runs into the joint. The flux used for brazing is 
powdered borax. 

Brazing a flange: If, for example, it is desired to 
braze a flange on to a pipe, the flange is placed on 
the pipe and the pipe is expanded by hammering 
till it is a tight fit. This is necessary, as it may shift 
its position in the act of brazing. 


Fig. 16 


722 


The flange and pipe (A) (Fig. 16) are put in a clear 
fire in the forge. Then as it gets hot the spelter, 
with borax, is sprinkled round the joint, which melts 
and finds its way into the space between the pipe and 
the flange. If the reader has a gas or gasoline blow- 
pipe, it will make the work easier, as the heat can 
be directed where required from above. When cool, 
the superfluous brass is filed off. In many cases it is 
impossible to keep the two pieces of metal in the cor- 
rect places in the forge; therefore a pin or rivet 
must be put in, so that they cannot shift. 

Wiping a Joint 

Joining two pieces of lead pipe is termed “wiping 
a joint.” The pipe is first cleaned and prepared, by 
spreading one pipe with an expander, as at (1) (Fig. 
17), and pointing the other ends, which are slipped 
together, shown at (2). The solder is then melted in 
a ladle, as shown in (3), and poured around the 
joint. A pad about 3” or 4” square and about 14 
thick, of canvas or velvet, is held in the hand under 
the pipe as shown (3), the surface being greased with 
tallow. The bottom layer may be an asbestos sheet, 
so that the molten metal will not burn through. 
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Fig. 17 


As the melted solder is poured on the pad, it is 
wiped around the joint until it is heaped up all 
around it. The amount of metal used depends 
upon the size of the pipe. Rub the pipe on each side 
of the joint with a tallow candle to prevent the metal 
adhering to where it is not wanted. 


Although copper or brass pipe may be joined with- 
out difficulty by the ordinary methods of soldering 
or brazing, the “wiping” method is about the only 
practical way to couple lead pipe. 


MISCELLANEOUS! 


How to anneal, to bend tubing, to use a metal 
saw, to make small springs and to repair a cracked 
cylinder, are explained in the pages following. 


Annealing Tubing 


The copper or brass tubing used for gasoline pipes, 
carburetors, etc., can be purchased either annealed 
or not annealed. When not annealed, it is stiff and 
hard. It is difficult to bend it when hard. The 


Fig. 18. Annealing copper tubing. 


tubing can be softened by heating, as shown in Fig. 
18 (called annealing). Tron rods and other metals 
of like nature can also be softened by annealing. 


Bending Metal Tubing and Small Rods 


The problem of bending metal tubing is one that 
comes up quite often in the motor vehicle repair 
and construction shop. Frequently when you 
undertake to bend some of the new kinds of metal 
tubing you are surprised to have it break, even 
though the usual precautions may have been taken 
to prevent a fracture of this nature. - Fill the tube 
with fine sand packed tight, otherwise the walls are 
very liable to break, or they are liable to collapse. 


First of all, it is best to determine the character 
of the composition of the tubes. Many tubes are 
made by different manufacturers and are finished 
nearly alike, and you cannot very well determine 
what procedure to follow when esiring bends or 
scrolls in them. But the file test will quickly make 
this clear; or even the point of a cold chisel will do 
to determine the nature of the metal. Then you 
can work accordingly, 


1 Automobile Repairshop Short Cuts: A book containing 
over 1,500 time and labor-saving kinks, methods and devices, 
from more than 1,000 of the best garages, service stations, and 
repairshops in the U.S. Ideas that have been developed to save 
a good man’s time, covering engine, clutch, gearset, running 
gear, and body repairs, managing and equipping the shop, 
etc. Collected and edited by Motor World's corps of experts, 
256 pp., 9 x 12 Ins., 1,500 figs., cloth; price $3.50. 


Fig. 19 


Fig. 19. Bending small tubing: It is well to anneal the 
tubing first. Then procure several washers, and place side by 
side until the diameter of the tubing is obtained. Two wood 
blocks are placed one on each side of the washers and are 
clamped in the vise. The blocks serve as guides. The tubing 
is then bent by hand over this form. 


Fig, 2 


) a pic copper 
de, and withdrawing it afterwards. 
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Fig. 21. To bend an “eye’’ in a small rod. 


bend is to be; insert the hot rod in the hole and bend down, using 
the hammer to insure a right-angle turn, not a curve. 
must be larger than the rod or the hot end will not enter. 


Ctstee 
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Fig. 22. Flanging copper tubi : Copper tubin 
readily flared for the Sditeichincntgee RUMORS by. thea one 
pair of lineman’s splicing pliers. The end of the tube to be 
flanged is caught in the jaw of the pliers and a punch is used 
to press the end out to the extent required. Ordinarily some 
one of the grooves in the pliers will be found to fit almost any 
of the copper tubing commonly used. When this is not the 
case, the grooves may be readily enlarged by an emery wheel. 
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How to Use the Metal Saw 


The fine-toothed blades should be used for iron 
and steel, and the coarser ones for brass and soft 
metals. For cutting through a brass or steel tube 
use a fine-toothed blade, as the teeth rip off the 
coarse ones. Before sawing, make a true circum- 
ferential line round the tube where the cut is desired; 
then, by turning the tube round a little between each 
cut, the latter will be true and square. The broken 
blades are useful at times for small repairs, as they 
are readily softened. 


Another method for sawing tubing is shown in 
Fig. 23. 


Abiding a Trin welled) Fb] 
Write Cutting, 


Fig. 23. Method of sawing through tubing. Consist3 of a 
wooden block with a drilled hole to receive the tube. 


How to Make Small Springs 


Spiral springs are now so readily obtained in a 
large variety that it is not often one is at a loss fora 
particular size of spring. The occasion may arise 
where a certain unusual size of spring is required. 
Figs. 24 and 25 illustrate two methods of winding 
small spiral springs. 


Fig. 24 Fig. 25 


Fig. 24. Springs of various sizes may be wound on the 
spring winding outfit illustrated. A cast-iron frame supports 


two uprights that act as bearings for -the spring-winding 
spindle. These spindles are tool steel rod, having a diameter 
somewhat smaller than the inside diameter of the spring to be 
wound, One end is bent to form a crank and handle, the other 
being notched to receive the spring wire. 


« ois: 25. How a spring is made by winding wire around a 
olt. 


Repairing a Cracked Cylinder! 


_ Repairing a cracked cylinder: Welding is best, but if this 
is not convenient, repair with copper as directed below: 


Fig. 26 


Fig, 27 


A small hole should be drilled at each end of the crack, or a 
little beyond it (Fig. 26), for the crack may go farther than is 
visible to the eye. A quarter-inch hole should be drilled and 
tapped, and a screw inserted and screwed home, and the end 
filed off flush with the metal. Then a piece of stout sheet 
copper (P) (not less than 1/12” thick) should be cut out, cover- 
ing the crack extending about 34” all around. This must be 
bent to fit the cylinder and fixed down with a number of 3/16” 
or 14” screws. Put a piece of canvas smeared with red lead, 
putty, or thick oil paint under the copper. The patch may 
leak a little at first, but will probably ‘‘take up” in a few days. 


Plugging is another plan. A very small crack in a cylinder, 
probably caused by freezing of contained water, may be mended 
as follows. Drill a small hole in each end of the crack, and tap 
it for a small copper plug (Fig. 27). Scrape the surfaces near 
the crack until the metal is bright. Cover the crack with soft 
copper filings and melt them in with the blow-torch. Use a 
flux of rosin dissolved in alcohol, or simply drill and thread 
the pele, if not too large, and screw in a pipe-plug tap, and saw 
it off. 


Rusting up a small leak ina cylinder: 14 lb. of sal ammoniac 
to 1 quart of water, poured into the cylinder and left to stand 
for 48 hours has caused rust enough to form to close a small hole 
entirely. Be sure to wash out thoroughly. Another remedy 
is an ‘ron cement,’’ secured at supply houses. 


Cider or vinegar will cut rust out of cast-iron cylinder water 
jackets, if left standing for two or three day. 


HEAT TREATMENT OF STEEL? 


In ordinary shop practice this ‘consists of the 
following: (1) the process of annealing; (2) the pro- 
cess of hardening; and, (3) the process of tempering. 


Annealing Metal 


Annealing or softening renders a metal in such a 
condition that it can be easily cut, machined, or 
bent. See Fig. 18, page 722, showing how tubing 
is annealed. 


To anneal steel: Heat to a dull-red heat and then 
remove the metal from the heat and permit it to 
cool in the air. 


Where the work is of great importance, an oven 
or crucible is used. A simple oven is shown in Fig. 
28 and in Fig. 30, page 724. 


1 There is a spelter, called Peters Metallic Filler, which can 
be used in connection with an ordinary gasoline blow-pipe 
torch (or any heat up to 300° F.) for filling up cracked water 
jackets, cracked cast iron, steel, brass or bronze. This can 
be used instead of brazing and welding on cracks. Write 
Aluminum Solder Co., Widener Bldg., Philadelphia, Pa. 


2A book dealing with the subjects of annealing, hardening, 
tempering, brazing, etc., can be secured of A. L. Dyke, Granite 
Bldg., St. Louis, Mo. Price $3.50. 


A piece of gas pipe is used, large enough to admit 
the tool or metal to be heated. One end is closed 
and placed in the coals until the inside of the pipe 
has been heated to a bright red. Then the part to 


Fig. 28 


be heated is placed in the pipe and brought to the 
desired heat. ‘Then, instead of cooling in the open 
air, the work is placed in a bed of non-heat-con- 
ducting material, such as charred bone, asbestos 
fiber, ashes, lime, fire clay, or sand. The metal 
should be left for a long period of time, well covered, 
until cool. 


Brass or copper is heated to a low red heat and 
quickly dropped into cold water. 
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Hardening 


The process of hardening is accomplished by 
bringing the metal to the proper temperature, 
slowly and evenly, the same as for annealing, and 
then cooling more or less rapidly, depending on the 
grade of the steel being worked upon. 


The degree of hardening is determined by the 
grade of steel, the temperature from which it is 
cooled, and the temperature and kind of cooling 
bath into which it is plunged for cooling. 


Steel to be hardened is placed in the oven and 
permitted to come to a heat of about 650° or 700°. 
It then is placed in a heating bath of molten lead, 
fused cyanide of potassium, heated mercury, or 
some other preparation designed for the purpose. 
The degree of heat to which a piece of steel must be 
brought depends on the percentage of carbon con- 
tained within the steel. The more carbon, the 
lower the heat required to harden it. 


It is essential that the cooling bath be of the same 
temperature during each process of cooling. 


Ordinarily, steel is cooled in water, but many 
other liquids are used. If cooled in strong brine, 
the heat will be extracted very rapidly and the 
degree of hardness will be much greater. If cooled 
in mercury, a still greater degree of hardness is 
obtained. 


If toughness is wanted without extreme hardness, 
the metal may be cooled in lard oil, fish-oil, or neats 
foot oil. 


In hardening carbon steel, bring to a cherry-red 
heat, plunge into cold water (brine is best), and 
hold until hissing ceases; then remove and place 
in oil for complete cooling. 


For hardening high-speed tool steel, see page 726. 


When hardening brass, bronze, or copper, the 
work is accomplished by hammering or working 
while cold. 


Tempering 


Tempering differs from hardening, in that tem- 
pering is the process of making steel tough so that 
it: will hold a cutting edge and not crack or check, 
Tempering makes the metal stronger and the grain 
finer. ‘Tempering may be considered as a continua- 
tion of the hardening operation. 


To temper, the metal or tool is heated slowly, to 
a cherry-red heat, then dipped into water (Fig. 29), 
to a depth of about 14” or 34’ above the point. 
When the piece has cooled to the point where the 
portion above the water has not lost its redness, 


remove it from the water and quickly rub the end oN 


with fine emery cloth. 


Fig. 29 


While the heat from the uncooled portion of the 
metal gradually heats the point again, a change of 
color occurs at the polished point. When a certain 
color has been reached, the entire tool should be 
completely immersed in water and permitted to 
remain there until cold. 
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Colors for different work are as follows: Wood 
saws and springs: dark blue, 600°; cold chisels 
and screwdrivers: dark blue or light purple, 600 
or 520°; punches, drills, and wood-working tools: 
brown, 510°; taps and reamers: ordinary straw 
color, 450°; lathe tools, planers, shapers, and 
slotter tools: light straw color, 430°. Colors 
darker than the dark blue, ranging through green 
and gray, signify that the piece has reached its 
ordinary temper, which means it is partially an- 
nealed. 


After a spring has been properly hardened by 
dipping in fish-oil or lard, it may be held over the 
fire while still wet with the oil and permitted to 
catch fire. After the oil burns off the spring, it 
has been properly tempered. Self-hardening steel 
should never be placed in water. 


Drills and small tools can be tempered quite well 
ina flame. Larger parts are better tempered on an 
iron plate on which has been placed a thick layer 
of fine sand and the flame allowed to play under- 
neath. This insures the part being uniformly 
tempered. 


Difficulty is often experienced in lathe work on 
nickel-steel stock through the failure of the tool to 
retain its cutting edge. To overcome this, heat the 
tool nearly to white heat and plunge it into kero- 
sene oil. See also, page 725. 


Case-Hardening 


The process of hardening the surface of the steel, 
leaving the inside strong and tough, is termed 
“case-hardening.”” More carbon is added to the 
surface of the steel, which offers good wear-resisting 
qualities and has the effect of forming a very hard 
coat on the outside while leaving the inside practi- 
cally unaffected. In other words, the outer surface 
only is hardened, as for instance, gear teeth or nuts 
which are hardened to only about 1/50” deep (see 
page 725). (Motor Age.) 


Example of Case-Hardening Steel 


The outer surface of any piece of soft steel may 
be made hard by case-hardening. Its purpose is 
to increase the strength and wearing qualities of 
the steel. All machine work to be done on the steel 
should be done before the case-hardening, as grind- 
ing alone can be done afterward. (If any part of 
the piece must be left soft, this may be done by 
covering that part with asbestos paste or paper.) 


The hardening compound: Mix 914 parts of fine 
charcoal with 214 parts of table salt. Place 24% 
parts of kerosene oil in a dish, and put with it as 
much sawdust as is required to soak the kerosene up. 
ow mix the sawdust and oil with the charcoal and 
salt. This compound may be used many times. 


FIRECLAY 
PLUG 
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Fig. 30. Case-hardening steel. The pieces are acked in 
pipe with the hardening compound—but they anae not ious 


The crucible: Get a piece of iron pipe long and 
large enough to hold the pieces to be fartered 
( Pack the pieces in this pipe with the 
hardening compound. Do not let one piece touch 
another, or bough the Pips side, but keep them well 
apart wi ‘e compound. Now close both 
of the tube with fire clay. mi up 
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A large forge fire is necessary for heating the pipe, 
and the pipe should be heated to a bright-red heat. 
The length of time varies, depending on the size of 
the pieces and the depth of case desired. 


Ordinarily two hours at bright-red heat. will give 
1/16” case. This heat should be held as evenly as 
possible to give an even case and reduce warping 
effects. 


To produce the maximum strength, two heat 
treatments are necessary after hardening. First 
heat each piece to a bright red and plunge in oil. 
Then again heat it to a dull red, and plunge. This 
will give a fine grain, both in the core and in the case. 


Quick case-hardening: If a thin case is desired, 
this may be applied quickly by heating the piece 
to redness and sprinkling the part to be hardened 
with potassium cyanide. Keep the temperature 
constant for 4 or 5 minutes, then plunge the piece in 
water or oil. An exceedingly thin case will result 
that will increase the wearing qualities of the steel, 
better its appearance, and prevent rust. 


To harden tools quickly: The tool should be 
heated to the correct temperature and then thrust 
into a potato, after which draw to the proper temper. 


Another Method of Case-Hardening 


It is possible to case-harden small pinions quite 
well by bringing them to a uniform bright-red heat 
and plunging them into finely-powdered yellow 
prussiate of potash, repeating the operation three 
or four times, and finally plunging into clean cold 
water while still at a red heat. The mild steel 
absorbs carbon from the potash to a depth of about 
1/50”, and this surface hardens perfectly on the 
final cooling. Nuts so treated resist rough usage 
with the spanner much better than an ordinary 
soft-surface nut. 


In treating parts of this class it is, however, 
important to remember that the threaded part 
should be filled up with clay so that it does not come 
in contact with the carbonizing material, otherwise 
it will be certain to be spoiled. Any roughness of 
the surface, such as on the teeth of pinions, can be 
smoothed off with emery cloth wrapped over a thin 
flat file. Parts made from tool or high-carbon steel 
are readily hardened by making them red-hot and 
plunging them into cold water. The correct heat 
1s important, because if the parts be heated to a 
very bright red, they may be spoiled or decar- 
bonized, and if heated to a white heat, they will 
certainly be decarbonized. On the other hand, if 
heated barely red, the parts will not harden. 


Straightening Warped Pieces 


Uneven heat and uneven cooling warps the steel. 
Case-hardened pieces cannot be straightened by 
pressure or by pounding, as this cracks the case. 


To straighten a warped piece of case-hardened 
steel: 

1. Find the high or “bowed”’ part. 
a chalk line. 

2. Heat the piece: slightly—never near a red heat. 
(The amount of heat depends on the warp, and 
can be determined only by trial.) 

8. Clamp the piece in a vise between the blocks, as 

shown in Fig. 31. 

Direct a stream of water at the chalk line. This 

will contract the long side and make the piece 

straight. 


Mark this with 


se 
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How to Make Lathe Tools 


High-speed steel should usually be heated until 
the tip of the tool starts to melt, and then plunged 
in atl or buried in common salt until thoroughly 
cool, 


High-carbon steel gives the best results when 
heated to dull red and plunged in oil. 


Only the tool point proper should be heated to 
the plunging temperature, the heat being applied 
slowly at first, to be followed by the blast being 
turned on and the point heated to the required 
plunging temperature. : 


2LEFTHAND DIAMOND «=. 2. ROUND NOSE 
POINT = 


WZ 
3 CUTTING OFF TOOL S STRAIGHT 
TRAD 


aa 
6 INSIDE BORING 
TOO! 
- & INSIDE TOOL 
oc CU! 
Spee THREADING 
7 BULL NOSE 9 SCALING TOOL 


Fig. 32. There is a tool for doing each job most efficiently. 


Fig. 33. Steps in making a lathe tool. The work should 
be done during one heat. 
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The tool should be plunged into the oil when the 
heat is increasing, and in the case of carbon steel 
at the instant the point reaches the plunging tem- 
perature—dull red, the fusing temperature in the 
zase of high-speed steel. This is particularly neces- 
sary with high-carbon steels, as heating the steel 
white hot, allowing it to cool to dull red, and then 
plunging it in oil will make a poor tool. 


High-speed steels, after hardening and grinding, 
are ready for use. Carbon-steel tools, however, 
must be tempered. 


This may be done in two ways, the best being to 
plunge only the point of the tool in oil after heating 
to a dull red, thus leaving some heat in the heel of 
the tool. 


When the point is black, remove the tool and rub 
the cutting edge with emery paper mounted on a 
stick. Watch the point closely, and as the heat is 
driven from the heel to the point, the color of the 
surface being polished will turn light straw, dark 
straw, and blue. When the point of the tool is 
straw color, plunge the whole tool in oil and coo} it 
entirely. 


The other method of tempering is to cool the tool 
after the first heating, polish the point, slowly heat 
it again until straw color, and then plunge it. 
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Almost any grinding wheel may be used for grind- 
ing the tool, but care must be taken not to draw 
the temper, or burn the tool. The tool should be 
held lightly against the wheel and frequently cooled 
in water. Grind the tools to the shape desired, 
following as closely as possible those illustrated 
Finish the cutting edges with an oil stone. 
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Fig. 34 shows a tool bit-holder and a standard set 
of high-speed tools. These are excellent for repair- 
shop purposes, though expensive. The shapes 
illustrated will cover a great variety of work, and 
the tool should be changed to suit the work, rather 
than regrinding the tool each time. (Motor World.) 


STRAIGHTENING BENT FRAMES, ETC. 


Straightening a bent frame: To make the repair, 
the radiator is removed, a pan of charcoal is placed 
under the frame, and pieces of charcoal are heaped 
around the bend asshown; the frame is then heated 
up about the bent portion by playing upon the pile 
of charcoal with the flame of a blow-torch. 


As the frame is brought to a cherry-red heat the 
device (A) (Fig. 35) is applied and used in connec- 
tion with a wooden beam (B) which supports the 
jack, 


Fig. 36. Another method of straightening a bent frame. 


The torch now is set aside, the charcoal removed, 
and while one man carefully operates the jack and 
slowly draws the bent member back to its proper 
shape, another assists the operation by tapping and 
shaping the heated section with a hammer. 


_ This hammering is quite necessary and an 
important factor in bringing about a successful 
result as it assists the molecular action of the steel 
and prevents the end of the frame from springing 
back out of line as the job cools off, 


The entire straightening process must be done 
while the injured section is red hot, and the job must 
be completed before the red color is lost. 


Bent frame horns may be pulled back into place 
by achain, providing the force is applied in the 
proper place. The method of attaching the chain 
is shown in Fig. 37, and the force is applied by 
twisting the chain with a steel pinch bar. A jack 
placed against wooden blocks and with a chain sling 
over it, as shown, may be used to straighten the 
side members of the frame. 


Frames may be straightened without 
and sometimes without even dismantling the car 
by means of the simple device shown (Fig. 38). It 
consists of a wooden beam 4 in. x 6 in. x 5 ft., rein- 


heating, 


forced with iron 14” thick on each side. The beam 
forms the base of the device, to which are attached 
the steel arms which fasten to the frame. A power- 
ful jack is used to apply the required pressure to 
bring the frame back to normal. A chain may be 
substituted for either of the arms. 


Other methods of straightening b 
t t st g bent frames are 
shown in Figs. 39 to 42. (Fr 
Motor Worle) (From Motor Age and 
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Fig. 39. When one cheek and part of the face are buckled, 
only the bent parts should be heated. 

Fig. 40. When the face is buckled very little -heat should 
be applied to the cheeks. 

Fig. 41. When both cheeks are buckled heat should not 
be applied to the face but to the shaded portion. 

Fig. 42. Small crimps may be taken out with heat and a 
monkey wrench. 


Fig. 42 
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Fig. 44 


It is not necessary to remove the bumper from 
the car. The central member, which does the pull- 
ing, may be slid from one end to the other as 
required, so that a dent in any part of the bumper 
may be removed. 


A fender straightener, made of oak 3” x 4”, is 
shown in Fig. 44. 


Fig. 45. Easy method of removing dents from fenders 
with the use of a shaped wood block. 


TOOLS AND POINTERS ON STRAIGHTENING FENDERS, ETC. 


With a small investment in tools, a little practice, 
and care in their use, a new department may be 
developed that will show a profit, and that will 
also feed other departments. 


There is but one secret to sheet-metal straight- 
ening: to support all parts except that which is to 
be straightened, and to go slow, working the metal 
back to its original form by light blows. 


To do this requires many special tools, some of 
them taken directly from the tinsmith trade; 
others can be developed on the job. 


The Tools 


1. The blacksmith’s fuller: This is used as a hand 
anvil, either in conjunction with the light mallet, 
or the light hammer, particularly to remove 
small dents. ‘The combination of flat surfaces 
with the rounded edge will cover a wide variety 
of work. 

2. Half-round file: After all dents or indentations 
have been removed by use of the mallets, ham- 
mers, and hand anvils, this file is used to remove 
any small pits or hammer marks. 

3. Heavy wooden mallet: Used in the preliminary 
straightening in order roughly to form the metal 
back to shape. The flat wooden surface does 
not dent the metal on flat or crowned surfaces. 

4. Light wooden mallet: The most useful tool of 
all. After the metal has been pounded back 
to its original shape, the light mallet, in_con- 
junction with some one of the hand anvils, is 
used to smooth up the work. 
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Fig. 46. Mallets, hammers, files, and special tools for 
straightening fenders, ete. 


5. Medium cross-peen hammer: A _ tinsmith’s 
hammer, used to smooth up the surface still 
further. Wooden mallets will not remove all 
of the smaller indentations. Hence this ham- 
mer must be used as it strikes the required 
concentrated blow over a limited area. 

6. Light riveting hammer: Any minor indentation, 
not smoothed by No. 5 hammer, is taken out 
by the light riveting hammer. ‘The cross-peen 
is used to finish corners, prior to filing. 
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7. Hand block: A steel block, roughly about 4’’ 
square, and 1” thick, with the corners rounded 
and beveled. The curves and beveled edges 
vary, so that some part of the block may be 
fitted to almost any part of the work. This 
and the light wooden mallet are the most used 
combination. 
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Fig. 47. Some unusual-shaped tools used in straightening 
fenders, etc. 


8. Forming chisel: Made in an infinite variety of 
widths, shapes, and sizes. The one shown is 
used to form sharp corners, or edges. One with 
a half-round edge is used to reshape a groove. 
By grinding the edge to the desired form, the 
metal may be readily driven to that form. 


9. Beading tool: The side strips on most fenders 
are held in place by rolled-in edges. When 
bent, these edges open. After straightening 
to the original form, the bead may be again 
closed by the aid of this tool, and a mallet or 
hammer. 


10. Hand anvil: An irregular-shaped steel plate or 
block, mounted on a steel handle. The edges 
are beveled, and will fit almost any curved 
surface. 


11. Babbitt hand anvil: Made in an infinite variety 
of forms by pouring melted babbitt into an 
unbent,_portion of the part to be straightened. 
When hard, the shape is that to which it is 
desired to form the bent portion. Make the 
handle as shown. 


Reshaping Bent Metal 


It is not usually advisable to attempt to straighten 
mudguards and lamps having broken surfaces. 


The first step is to work it roughly back to its 
original shape with a heavy wooden mallet. Care 
must be taken not to break the surface or to draw 
it beyond the original shape. 


A hand anvil of some sort should always be used 
in conjunction with the hammer or mallet, to sup- 
port the edges of the bent surface. Many light 
blows, rather than few heavy blows, should be 
applied, and the blows should be drawn, rather 
than applied dead on. The main thing is. to go 
slow, to feel the dents with the hand anvil, and to 
dine the straightening blow to the point of the 

end. 


After the surface has been malleted to approxi- 
mately the original shape, the smaller dents aout 
be removed, using first the small mallet and then 
one of the metal hammers. This is slow work. 
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Filing 


By passing the hand over the surface, many of 
the smaller dents may be felt and removed. Some, 
however, will still remain. These may be located 
by filing the surface down. The file will hit the 
high spots and pass over the low spots. Then the 
low spots may be pounded up to shape. 


Finally it will be found that the file will touch all 
of the surface except the smallest indentations. 
Then file the whole surface down to a smooth sur- 
face and polish with emery paper. 


1 SECTION , AS BENT, BEFORE START OF WORK 


2: SECTION: MALLETED ROUGHLY BACK TO SHAPE 
3-ALL DENTS AND UNEVEN PLACES POUNDED OUT 


4- RIADY TOR PAIXT AFTER FILING AND 
SMOOTHING UP WITH EMERY 


Fig. 48. The four steps in removing a dent from a sheet of 
metal. 


The four steps in this work are shown in Fig. 48, 
the section being that of a crowned mudguard. 
But whether the part to be straightened be mud- 
guard, lamp or body, the principle involved is 
absolutely the same. (Motor World.) 


Painting Fenders 


Before applying the paint, the surface must be 
thoroughly cleaned with turpentine. This removes 
all grease that would otherwise prevent the paint 
from sticking. If the surface is that of a mudguard, 
the under side should also be cleaned and painted 
to prevent rusting. 


For hurry-up jobs a quick-drying enamel or a 
black japan may be used to paint the repaired sec- 
tion, the latter, of course, being suitable only for 
use on black guards or parts. The japan, mixed 
in turpentine, will dry in about 15 minutes, and, 
after a few washes, cannot be detected from the 
rest of the finish. 


Enameling Fenders, etc. 


Enameling of fenders and of metal parts of 
bodies is a profitable business. Concerns who sup- 
ply equipment for this class of work are: Despatch 
Mfg. Co., 104 N. Second St. Minneapolis, Minn.; 
Industrial Heating Mfg. Co., Cleveland, Ohio; 
National Rubber and Specialty Co., 4433 Chicker- 
ing Ave., Cincinnati, Ohio; Young Brass Co., 6500 
Mack Ave., Detroit, Mich. 


Painting Outfits 


Painting outfits for automobile work can be 
secured of DeVilbiss Mfg. Co., Detroit, Mich., and 
Phillips Ave., Toledo, Ohio; Peasche Air Brush 
Co., 1219 W. Washington Blvd., Chicago, Ill. 


Straightening Bodies 


Upholstery must be removed or the body must be 
raised to get at both sides of the surface. Another 
difficulty is that two men are often required—one to 
hold the hand anvil and the other to use the mallet 
or hammer. The co-operation between the two 
must be perfect, or the anvil will not be back of the 
hammer blow and the surface will be bent. still 
further. Body work is more difficult, Hep i 


MISCELLANEOUS FITTINGS 
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Dent in Gasoline Tank 


A dent can be removed from a gasoline tank by 
plugging the vent, filling with water, and applying 
a 20-lb. air pressure. A Jead or wood mallet is 
used by tapping gently around the outer edge of 
the dent (Fig. 49). (Motor World.) 


[emy) 


Fig., 49 Fig. 50 


FITTING EXHAUST MUFFLER CUT-OUTS, 


Fitting an exhaust “cut-out”: Mufflers sometimes 
are not large enough, or are clogged up, and offer 
“back pressure” or resistance to the full passage of 
the exhaust. A “cut-out” is helpful in climbing 
hills and to assist in keeping the engine cool. The 
muffler cut-out is also a convenient method of 
ascertaining (by listening) whether all cylinders are 


firing regularly. 
CUTOUT PEDAL~P gy? 


MUFFLER 


Fig. 51. Method of installing the exhaust cut-out. 


cut-out... 


Fig. 52, Exhaust cut-out outfit. (A) exhaust cut-out; 
(B) foot pedal for operating; (C) flexible wire for connecting. 


Note. When ordering an exhaust cut-out, measure the out- 
side diameter of the exhaust pipe to which it is to be fitted, 
and specify this measurement. (See Index under “Sizes of 
exhaust pipes.’’) 


Exhaust “cut-outs” are installed by cutting a 
hole in the exhaust pipe just ahead of the muffler 
(Fig. 51). Fittings, as shown in Fig. 52, ready to 
fit and with full instructions can be had from supply 
houses. 


Attention to the cleaning of the muffler must not 
be neglected, for this is a point having a great effect 
upon efficiency. For open cars the writer considers 
a cut-out a necessity: not for roaring through towns 
or villages, but for the purpose of testing the firing 
and carburetion. 

Although it is necessary to remove the muffler for 


a thorough cleaning, it is quite possible to effect a 
piisactory temporary cleaning of the badly 


Jack for Straightening Parts 


An ordinary jack may frequently be used to 
advantage in straightening bent parts. For example 
(Fig. 50), one of the rests for the top bows was bent 
in a slight accident, and it was quickly straightened 
by backing the car up close to the garage wall, as 
shown, and using a jack. 


To Stop Noises about the Car 


When seeking to stop rattling noises about the 
car, attend first to the fenders, then to the brakes, 
hood fasteners, and lamps, and finally to doors 
and springs. As a rule the fenders, doors, and 
springs are the most troublesome source of noises 
on the average present-day machine. 


EXHAUST HORNS, AND SHOCK ABSORBERS . 


obstructed passages by tapping its sides all over 
lightly with a hammer or mallet. The result will 
be that much sooty accumulation will be knocked 
off and blown out through the tail pipe. 


Fitting an exhaust whistle: The exhaust whistle 
(Fig. 53) is blown by the exhaust pressure; for 
instance, instead of the exhaust going out into the 
open air, as in the muffler cut-out (Fig. 51), it 
passes into the whistle. 


CUTOUT PEDAL — P gag 
\ 


WHISTLE 
Fig. 53. Method of installing an exhaust whistle. 


When fitted to an exhaust pipe, the exhaust is 
temporarily cut off from the muffler and thrown into 
the whistle by a special valve attached to the exhaust 
pipe. Multiple engines blow a whistle almost 
steadily, but single and double-cylinder engines 
blow in jerks or uneven blasts. 


Attaching Shock Absorbers 
Attaching Connecticut shock absorbers: Shock absorbers 
are necessary accessories. They prevent the rebound of 
springs after the spring action and thereby prevent Springs 
being broken by the sudden up motion of the car, which is a 
common occurrence, in going over crossings, etc. If properly 
fitted, they are worth many times their cost. There are a number 
of different principles in use. The Connecticut friction type 
will be used as an example. 


To fit: First fill the grooves inside the bushing in the end of 
each arm with graphite grease, 


ADJUSTING SEGMEN 
ADJUSTMENT NUT 


Fig, 54 Fig. 55 
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In order to secure satisfactory results it is important that 
the angle of the arms be correctly adjusted, so that the cam 
which operates against the springs in the absorber will be in 
normal position when the car is loaded and standing still. 


Care should be taken that the absorbers are so located that 
they will not strike the frame when the car is in motion. After 
the fittings have been attached, slip the absorbers on to the 
studs of the fittings by loosening up the adjustment nut, so 
that the arms can be pulled apart any desired distance. 
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Load the car with the full number of passengers that the 
car iss designed to carry, and tighten up the adjustment nut. 
The lock washer should be on the stud and the nut tightened 
securely, so that there will be no danger of the adjusting seg- 
ment slipping. See that the cotter pins are all in place in the 
end nuts. 

After the absorbers are attached, no further adjustment or 


attention is required. (Manufacturers are Connecticut Shock 
Absorber Co., Meriden, Conn.) 


REPAIRING AND ADJUSTING SILENT CHAINS 


Silent chains are used to drive the cam shaft, 
generator, water pump, magneto, fan, etc., instead 
of gears. 


The Morse silent chain, as used on many Cars 
(see the next page), differs from other silent chains 
only in that the Morse employs two pins in the joint, 
one called the “seat pin” and the other the “rocker 


pin ” 


Fig. 57 


To connect the ends of a Morse silent chain: 
Place the chain over the wheels to run in the direc- 
tion indicated by arrows. On all automobile front- 
end drives the arrow side of the chain will be the 
near side, as shown in Figs. 56 and 57. 


Bring the ends of the chain together and lap the 
link plates in regular’ order, as shown in Fig. 57; 
insert the “seat pin” (with washer riveted on one 
end) from the far side of the chain, taking care that 
the ribbed side of the pin points in the direction of 
rotation of the chain as shown in Fig. 57. 


Insert the “rocker pin” from the near side of the 
chain as shown by Fig. 57, with the segmental, or 
pointed, side of the pin against the flat side of the 
“seat pin,” and toward the direction of rotation of 
the chain. The relative positions of the two pins, 
when properly inserted, will be as shown by Fig. 63. 


Place the washer on the end of the “seat pin” 
and, after backing up with a bar or wedge, rivet 
over the end with a few sharp blows of the hammer. 


To shorten the chain one pitch by removing the 
“hunting link”; All chains containing an odd 
number of links must include the thin-leafed sec- 
tion (HL) (Fig. 58). This row of leaves (collec- 
tively) is called the “hunting link.” 


To remove it, move the chain until the hunting 
link is on top of a wheel; then with a chisel in verti- 
cal position and the edge of the blade at right angles 


Fig. 58 


to the plane of the washer, strike sharply with a 
hammer until washers (A) and (B) are split suffi- 
ciently to make them fall off. This releases the 
pins in the two joints which can then be driven out, 
and the leaf-plates of the hunting link will fall away 
when the chain is lifted up. 


The chain is thus reduced in length one pitch 
(one link), and all that is necessary to put it again 
in running order is to bring the ends together, mesh 
the link plates in regular order, and make proper 
connections as stated above. The “pitch” of a 
silent chain is the distance from center to center 
of the pins. 


To shorten the chain one pitch, by removing four 
links and inserting three, one of which is the “hunt- 
ing link”: Arrange the chain with the arrow side 
as the near side, either flat (as shown) on some solid 
foundation, or on top of one of the wheels. 


\ 2 3 4 


Fig. 59 


Select a joint at the head of an arrow, and, with 
hammer and chisel, cut. washer (C) (Fig. 59) until 
it falls off. Move to the right four links and cut 
washer (D), also at the head of an arrow, in the 
same manner. 


Be careful that each severed washer is at the head 
of an arrow, otherwise the leaf-plates of the three-link 
section will not mesh in regular order with the chain. 


Drive the pins from joints (C) and (D) and re- 
move the links marked 1, 2, 3, and 4 in Fig. 59. 
Insert a three-link section in place of the removed 
section, making sure that the arrow on the new sec- 
tion points in the same direction as the arrows on 
the old chain. Bring the ends together, mesh the 
leaf-plates in regular order, and make connections. 

Note. Itisn i i 
the section of three liniks, as described ake a 0 insert 
are used with an even number of links and do not contain a 


hunting link (HL) (Fig. 58). If the chain contains a hunting 


nk, it should always be short i i = 
ees y: ened as described in the com. 


REPAIRING AND ADJUSTING SILENT CHAINS 


Some of the engines on which the Morse “front-end” drive 
is used: Cadillac, Chalmers, Clyde, Colonial, Drexel, Erie, 
Ferro, Gray, Hackett, Haynes, Hupmobile, Jeffery, Jewett, 
King, Lozier, Scripps-Booth, Monitor, Maxwell, National, 
Pash Clavie, Pullman, Packard, Winton, Princess, Stearns- 

night. 


Silent Chain Adjustment! 


VariovS methods are used for adjusting chain 
tension: For instance, if the chain drives the genera- 
tor shaft, the generator can be moved in the slot 
holes to adjust the chain tension, as shown in Fig. 
37 (page 75), or the shaft on which the sprocket is 
mounted can be rotated on an eccentric bearing 
(Fig. 86, page 74), or, if mounted in a separate case, 
shims can be installed under the case. 


To adjust while running, tighten the chain until 
it becomes noisy; then slacken to the point where 
noise ceases. The chain should be as tight as 
possible without causing noise. 


To adjust where the cover is removed, as in Fig. 
60, take hold of the chain and pull the long strand 
as far as it will go, to test the free movement. The 
total free movement will vary with the length 
between sprockets. If the length is from 5” to 7”’, 
the total free movement should be 34” to 44”; if 
the length is from 8” to 11”, the free movement 
should be from 14” to 54”. If it becomes noisy 
remove 2, 4, or 6 links each; never an odd number. 


Fig. 61. Morse adjustable sprocket and vibration damp- 
ener for silent chains. 


The Morse adjustable sprocket (Fig. 61) is 
designed for shafts, such as generator shafts, etc., 
when the shaft cannot be moved for adjustment. 


1See pages 74 and 75 for remeshing timing gears when using 
silent Pre Chains have a tendency to wear in the pins, Ae 
much so that they will often have sufficient slack to strike t e 
case%covering it. A 17’’ chain has been known to have 174 
slack after 8,000 miles running. In this case a new ehein: i 
necessary, or enough links must be removed to take up the slack. 
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The sprocket (S) (Fig. 61) is mounted on a bearing 
which is eccentric to the shaft. By rotating the 
bearing, the sprocket is moved, thus adjusting the 
chain tension. The drive is through the sprocket 
to a plate-type universal joint (C) at the left end 
(Fig. 61), to the shaft. This joint also tends to 
relieve vibration of the chain, and is called a “vibra- 
tion dampener.” (Manufacturer, Morse Chain Con 
Ithaca, N.Y.) 


Chain alignment: When tightening a silent chain 
by movement of the generator, make sure that it is 
moved in perfect alignment, otherwise it will cause 
the chain and sprocket to wear rapidly. This is 
most important. If it is too tight, it will sing and 
also cause wear. 


Example of Silent Chain Disassembling and 
Assembling (Cadillac models 53 and 55) 


Detecting looseness: Looseness in the silent 
chains grows so gradually that it is scarcely to be 
noticed until the chains have become so loose that 
they jump the teeth of the gears. This, of course, 
destroys the timing. The extent of the looseness 
may be felt by grasping the generator shaft and 
rocking it back and forth. Any great looseness 
destroys the proper timing of the valves and neces- 
sitates a replacement of the chains. 


Disassembling: After removing all parts so that 
access 1s gained to the chains, then turn the engine 
until one tooth of the cam-shaft-driven sprocket 
(A) (Fig. 64), which is marked with an arrow, is 
diametrically opposite the tooth with an (O). A 
tooth on the crank-shaft sprocket (B) has a similar 
arrow upon it, and the two teeth opposite each have 
an (O) mark. Allshould line up, asshown in Fig. 64. 


Fig. 62. Using special pullers, both gears and chains 
together with the distributor housing are removed at once, 
The generator universal must first be disconnected. 


Apply the special gear puller, as shown in Fig. 62, 
to the crank-shaft gear; next apply the special cam- 
shaft gear puller, as also shown in Fig. 62. 


Working both pullers together, remove both cam- 
shaft and crank-shaft gear, at the same time sliding 
the distributor housing and fan-drive chain forward. 
All will come off together. (The usual method is 
first to cut the riveted head of one of the seat pins 
on the driving chain, and to remove the seat pin and 
rocker pin. The driving chain is then removed. 
In refitting the new chains by this method, it is 
necessary to rivet the seat pins while on the gears 
and in the case. This is a difficult and tedious job. 
By the method outlined here, the chains are riveted 
on the bench easily, quickly, and with a certainty 
of the work being right.) Place the gears, chains, 
etc., on bench, removing cam-shaft driving chain, 
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The repair: Cut off the riveted head of one of the 
seat pins on the fan-shaft driving chain, and remove 
the seat pin and rocker pins. Remove the fan-shaft 
driving chain. Clean all parts with gasoline, and 
examine the gears for wear. If worn, the faces of 
the teeth will be ridged, showing the marks of the 
chain links, and must be replaced. 


DIRECTION OF ROTATION OF GEAR 


Fig. 63. In replacing the chains, make certain that the 
arrows point ir the direction of rotation, and that the rocker 
and seat pins are in the position shown. Otherwise the chain 
will quickly ruin itself. 


Place a new fan-shaft chain over the fan-shaft 
gear with the arrows on the outside links pointing 
in the direction in which the chain is to run (Fig. 63). 

Rivet a small washer to one end of a seat pin ina 
vise. Bring the ends of the chain together. Insert 
a rocker pin; then drive the seat pin with its washer 
into place. Be certain that the rocker pin and seat 
pin are in the position shown in Fig. 63. Head over 
the end of the seat pin. Rivet up the new cam- 
shaft driving chain in the same manner. 

Assembling: Place the cam-shaft gear on the fan 
chain, with the mark (O) in the lowest position. 
Place the cam-shaft chain on the gear, with the 
arrows pointing in the direction of rotation. Place 
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the crank-shaft gear into the cam-shaft chain with 
the marks as shown in Fig. 64. Now slide the 
whole assembly into place on the engine, driving 
the gears home with a brass bushing and machinist’s 
hammer. Replace the nut and washer on the crank- 
shaft end; and then replace the parts which are 
disassembled. 


The valve timing: The valve timing was automatically cared 
for in replacing the cam-shaft driving chain as directed, pro- 
viding the valve tappets have the proper clearance. The 
exhaust tappet should have .003” clearance, the intake .002”; 
the exhaust should close and the inlet open on dead center. 
The inlet should never open at a point more than 1” past 
dead center on the flywheel. 


Ignition timing: Open the compression relief cocks, erank 
the engine until No. 1 cylinder (the one nearest the radiator, 
on the right-hand side when facing the engine from the front) 
is on the firing center. The pointer above the flywheel will 
then be exactly over the mark 1-5 on the flywheel, and both 
valves of No. 1 cylinder will be closed. 


pRivine Rance 


Fig. 65. Position of the spark lever, when timing the 
ignition, The end of the lever on the quadrant should line up 
with the point of the arrow, as illustrated. 


With the timer open, as shown in Fig. 6A, page 215, loosen 
lock screw (A) slightly. Then set the spark lever as shown in 
Fig. 65. 

Connect the test lamp into the primary circuit, as shown in 


Fig.65A. When the breakers are closed, the light will be lighted, 
if the ignition switch be closed, 
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Fig. 654. By placing a test light in the primary circuit, the 
exact instant that the spark occurs can be determined, as the 
light then goes out. 


_ Replace the distributor rotor, and turn by hand until the 
distributor brush is under the terminal marked No. 1 on the dis- 
tributing cover. Turn on the ignition switch. The light 
should light. . Turn the rotor very slowly, in the direction in 
which it is driven by the engine, until the lamp goes out. Re- 
move the rotor; tighten screw (A) of Fig. 6A, page 215, 


Replace the rotor and retard the spark. Then move the 
spark lever slowly back toward the point of the arrow, as shown 


Fig. 64. The marks on the! cam-shaft gear (A) should line in Fig. 65. When the point of th i i 
up with those on the crank-shaft gear (B) before the gears are should go out. If it does oa se tes pa is at a 
removed, and should be replaced in exactly the same position. directed. : Saag 

GASKETS 


Gaskets are used on the engine and transmission 
and other parts of the car, the purpose being to 
make tight joints. Thin gaskets are preferable to 
thick ones, and should always be used on all joints 
that come together square. Metal to metal joints 
are best, but it is next to impossible to make both 
flanges meet absolutely square. It is for this reason 
that some sort of flexible material is interposed to 
make up for the inequalities in material and work- 
manship. 


There are several kinds of gaskets: Paper, asbes- 
tos, asbestos wire-lined, copper, copper-asbestos 
lined, cork, and felt, and in some instances lead 
can be used. 


For engine cylinder heads (if of the detachable 
type), the type of gasket almost universally used is 
the ea gopher gasket, either lined with asbestos 
on each side, or copper on each side wit 
inside, usually the latter. alabama 
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When taking off the cylinder head for removing 
carbon, etc., the old gasket can be used again, but 
many repairmen find it advisable and economical 
in the long run to take no chances and to fit a new 
gasket. 


When using a gasket of this type the use of 
shellac is not recommended. It has a tendency to 
set after the engine has run a short time, which 
interferes with the final tightening. 


When applying a new gasket, in order to insure 
compression in all cylinders, the cylinder head 
should be drawn down firmly on the gasket and 
block with an even pressure at all points before the 
later operations of tightening are attempted. 


The Victor Mfg. Co. states that while grease and 
shellac are used in applying gaskets, experience 
dictates that the best practice is to see that the 
face of the head and cylinder block, as well as the 
gasket itself, are thoroughly clean, and then to 
apply the gasket without grease or shellac. With 
the Victor gasket, soft copper is used, which works 
into the uneven parts. 


_ Fig. 66. When putting on a new gasket, the bolts should be 
tightened in the order indicated above; that is, tighten 1, then 
2, 3, and so on to insure against lessening of compression and 
against leakage of water into the cylinders. This illustration 
also shows the shape of a typical copper asbestos-lined cylinder- 
head gasket used on cylinders with detachable heads. 


The stud or bolt holes are numbers 1 to 14. The holes in 
the gasket provided for water circulation from the cylinder 
head to the cylinder water jacket are the other holes (W). 
Sometimes, when gaskets do not fit properly, the water works 
its way into the cylinder, thus causing water in the crank case, 
as well as a loss of compression. 


Fig. 66 shows the order in which cylinder-head 
stud bolts should be tightened. The same general 
principle applies to all “fours,” “sixes,” “eights,” and 
““twelves.”’ A socket wrench is the best tool to use. 


After the first operation of drawing down the nuts, 
they should be gone over in the same order a 
second and third time until they are as tight as it is 
safe to make them without stripping the threads. 


The final tightening should be done after the 
engine has run a few hours, when, it will be noted, 
about a full turn can be taken on all nuts. 


A type of gasket used extensively is the Victor 
gasket, made of pure copper and asbestos. When 
properly installed, they will not leak or blow out. 
See Fig. 66, showing a typical example of this type 
of gasket, and Fig. 67 showing how it is placed be- 
tween the cylinder head and the cylinder block of 
the engine. Gaskets of this type can be secured in 
sets or singly for different engines. 


Where old gaskets are used over again, the 
important point is to see that the surfaces are clean, 
and that the gasket is not damaged. 


If there is a water leak or compression leak, a 
new gasket should be fitted after cleaning all sur- 
faces thoroughly. If a new one is not available, 
then put shellac on each side of the gasket and 
apply before it dries, but be sure to scrape and 
clean the surfaces carefully before applying, other- 
wise a leak will occur. Alcohol is used to clean 


surfaces which were previously coated with shellac. 
Bear in mind that if there are any rough surfaces 
the gasket will leak. 


Asbestos gaskets for cylinder heads of marine, 
stationary, and such types of engines are often used. 
The copper and asbestos gaskets are preferable, 
however. The following explanation will serve to 
make this clearer. 


Asbestos gaskets of this type can be purchased 
ready to apply, or cut from sheet stock. They are 
made of closely woven, long-fiber asbestos yarn and 
brass wire closely woven and impregnated with a 
heat and water-resisting compound. The red com- 
pound on one side sticks to the flange when a joint 
is broken. The graphite on the other side allows 
the joint to be easily taken apart. Sold in rolls or 
in gaskets cut to order. This is also used in many 
places, such as the water plate, but it is more com- 
monly used where there is a great deal of heat. If 
sheet asbestos (not wire-woven) is used, it ought 
first to be soaked in linseed oil. 


[XLINDER HEAD GASKET 


Fig. 68 FLANGE TYPE GASKET 
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Showing the different places where the 


Figs. 67 to 72. 
round and flanged type of gasket can be used. 


Copper (also brass) asbestos-lined gaskets, termed 
the “flange” type (Fig. 68) are used extensively for 
‘placing between the intake manifold and cylinder 
(Fig. 71), and also between the carburetor and the 
intake manifold; between the cylinder and the ex- 
haust manifold; between the exhaust manifold and 
the exhaust pipe (Fig. 69). 


The round type of copper asbestos-filled gasket ° 
(Fig. 70) is used in spark plugs (Fig. 72). The 
Victor Mfg. Co., 5750 Roosevelt Road, Chicago, 
supplies gaskets of this type. When ordering, the 
inside diameter is given, or else name the make of 
car and where the gasket is to be used. 


Paper gaskets are often used in many places on 
the engine, but cork gaskets are preferable. Some 
of the places where paper can be used are between 
the cylinder and crank case (not between the 
cylinder head and cylinder); on the oil and water 
pumps; on the generator and starter motor; on 
the carburetor (lead, cork, and leather gaskets 
are also sometimes used here); on the transmission 
gear-case cover. The housing cover over the dif- 
ferential is sometimes fitted with a gasket, but more 
generally it is simply given a coat of shellac. ‘The 
hub flanges of wheels, clutch members, valve-case 
covers, etc., also require paper gaskets. 
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When using paper gaskets, select a heavy wrap- 
ping paper and cut it to size, or order direct of the 
manufacturer. 


A gasket paper which is oil and water-proof is 
made by the Weber Supply and Specialty Co., 
127 N. Dearborn St., Chicago, III. 


Many repairmen make a practice of coating the 
gasket with grease in order to hold it in place while 
fitting the parts together. 


To remove paper on the running-boards of new cars: A new 
car usually has brown paper over the running board and floor 
boards, to protect them in transit. A good way to remove 
this neatly is to fasten a safety-razor blade in a small block of 
wood and trim close. No ragged edges will then be in evidence, 


Cork gaskets are not suitable for cylinder heads, 
as they would burn or blow out under the extreme 
heat and pressure to which they are subjected in 
this particular spot. The cork gasket is used 
extensively for the same purposes mentioned in 
connection with paper gaskets, such as for oil, water, 
and gasoline connections. They are particularly 
adaptable for pressed-steel parts because of their 
flexibility, which enables them to fill up all the 
rough spots and unevenesses in such parts. Their 
main applications are between the oil pan and the 
crank case; on the oil-pan bottoms; on the valve- 
plate covers; in the water-manifold connections; 
In the timing-gear case; on hand-hole covers on the 
transmissions, clutch and differential housing, and 
hub flanges of wheels, and for all similar purposes. 


Felt gaskets are seldom used. 


Cutting Gaskets 


Perhaps one of the first things at bench work that 
4 young repairman is taught on entering a shop is 
that of cutting gaskets. 


The gasket between the base of the cylinders and 
the crank case and the cover of the gear box are 
usually made of paper (or of cork, which is obtained 
already cut. Paper gaskets are also obtainable 
from the manufacturer, already cut). 


If care is not exercised in removing a cylinder 
from the crank case, or other parts, the paper gasket 
may easily be damaged by part of it adhering to 
the cylinder and another part to the crank case. 
Should the gasket be ruined by any chance, a new 
one can easily be made in a few minutes. 


Fig. 74 


Fig. 73, Cutting a gasket for the lower part of the cyli is 
where it fits to the crank case, 3 bps 


Fig. 73 


Fig. 74. Cutting a gasket for the transmission cover, 


Cutting gaskets: A sheet of fairly heavy wrapping 
paper should be obtained and a hole made just large 
enough to accommodate the piston. The paper is 
then rested on the crank case or cylinder (Fig, 73), 
and with the aid of a ball peen hammer tapped all 
around the edges. It is, however, best first to 
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mark the holes for the holding-down bolts, and to 
insert the latter to hold the paper in position. 


When making the corners and also the holes for 
the bolts it is best to use the peen or round end of 
the hammer. 


It is not necessary to strike the paper a hard blow, 
a series of slight taps only being required. With 
these, it will be found that the gasket will have a 
nice clean cut edge, and will conform exactly to the 
desired shape. 


It does not matter much how complicated the 
shape of the gasket may be, for if these suggestions 
are followed, making a new one will be fairly simple. 


The hardest part of the whole procedure is to 
keep the paper in place on the crank case, but if 
the holes for the holding-down bolts are first made 
and the bolts are then inserted, as shown in the 


‘illustration, no difficulty should be experienced. 


Fig. 75 Fig. 76 (upper) 
Fig. 77 (lower) 
Fig. 75. When cutting gaskets from metal and asbestos 


packing, felt, and other materials, it is sometimes difficu 

cut bolt holes, especially those close to an edge, without ee 
ing the material. A way out of the difficulty is to use two 
round-headed hammers, placing the round head of one over 
the hole and striking it with the other. 


Fig. 76. A device for cutting circular 
\ gaskets may b 
out of two pieces of steel shaped as shown and fitted eae 
clamp which forms the center. The two cutting members are 
adjustable, so that practically any size of gasket may be cut 


Fig. 77. It is difficult to cut holes in gask 
ragged edges. When there are a great aiany holes of ogee 
size to be made, it is advisable to construct a die consisting of 
two plates of metal doweled together and with a hole on sere 
of holes through which the dies may be pushed. The ganket 


material is slipped between the plat ie i 
forced through with a hammer. Beane embed Fo 


Another method is to file a chiseled i 
: ; ] ; edge on short s 
different sized iron pipes, which can be used as pursue 


cover: 
74). 


Other gaskets, such as mobolene 
gaskets, are made in a similar ce ee 
usually marked off by pressure of hand “or finger 
when placed over the part to be fitted, and then cut 
) a sharp knife. Asbestos gaskets for 
cylinder heads are Sometimes made when nothing 


else can be had. The asbestos is so: in li : 
Gibiearaes siBRARG estos 18 soaked in linseed 
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Packing for Water Pumps and Lubricators 


Packing for water pumps and lubricators: For 
packing the water-pump shaft, etc., nothing has 
been found better than asbestos string plentifully 
smeared with a mixture of heavy oil and graphite. 
Candle wicking can also be used if asbestos string 
is not handy. 


Shellac 


Shellac is an excellent preparation to insure a 
good tight joint, and ought to be used on only one 
side of a gasket. Shellac dries up; but a good way 
to handle it is to have a wooden stopper which can 
be used for applying the shellac as well as serving 
as a stopper. 


When a workman wishes to spread a coat of 
shellac upon a gear-case cover, or a gasket, he has 
but to invert the bottle with the stopper in place, 
then remove the stopper and roll the large end over 
the surface to be smeared, and a coat of shellac is 
left in its wake. 


BRUSH FASTENED TO 
COVER BY TWO SCREVS 


Fig. 79 


Fig. 78 


Figs. 78 and 79. 
ready use. 


Methods of keeping shellac on hand for 


How to mix shellac: Secure an open-mouth 
bottle; fill nearly full of flake shellac, and pour in 
alcohol, and let it dissolve. This will make a very 


thick solution. 
flakes of shellac. 
drug store. 


To make it thinner, put in less 
The flakes can be secured at any 


Using shellac: In replacing detachable cylinder- 
heads, only the smallest possible amount of shellac 
should be used, and this should be quite thin. If 
the shellac is heavy and any considerable quantity 
is used, it will squeeze out into globules and the 
first explosion will blow these into the valve ports, 
where they will start an accumulation of carbon. 


_ Note. When using shellac on a gasket, use it on but one 
side. The gasket can then be used over and over again. 
Otherwise it will be necessary to make a new one each time it is 
removed. Common grease is used by many to hold a gasket 
in place until the part is placed in position and drawn up. 


Berry Bros,, Detroit, Mich., manufacture shellac, 
and also a substitute called ‘‘gasket cement,’’ which 
is made from grasstree gum. It is stated that this 
is as satisfactory as shellac. 


Shellac with copper gaskets: Where copper gaskets are 
used, it is best to clean all surfaces thoroughly and to use a 
new gasket and draw it tight. After running the engine for a 
day or so, draw the gasket up. If the surface is not clean, 
the gasket will leak. 


Tf a new gasket is not obtainable and the old gasket is used 
over again, and if shellac was used, then clean the shellac from 
the surface and also clean the old gasket with alcohol. Shellac 
can then be used on both sides, as there will probably be some 
rough surfaces still left. Do not get shellac in the valves or 
eylinder. 


Shellac with paper gaskets: Use shellac on one side only, 
that is, coat one of the metal surfaces and then put the gasket 
over it, and bolt down the other metal side before it dries. 
This leaves one side of the gasket dry, and before bolting down 
the metal surfaces, a light coating of oil or grease can be given 
to the other metal surface. This will facilitate the easy 
removal of the gasket without ruining it. 


Paper gaskets are not always shellacked, for if one proves to 
be darnaged, then the shellac and the paper gasket itself will 
have to be removed by scraping and by the use of alcohol before 
another can be applied. 


Many mechanics simply put alight coat of grease over both 
sides which hold the gaskets in place, while fitting the metal 
surfaces. 


If there are studs to hold the gaskets, while the parts are 
being put in place, it is best not to use grease or shellac. 


RADIATOR REPAIRING 


Radiators are divided into two classes: tubular 
radiators with straight vertical tubes with crimped 
fins, as in Fig. 14, page 147, and with vertical tubes 
with horizontal fins, as in Fig. 15, page 147. The 
cellular type comprises both the tubular type, 
resembling the genuine cellular, as in Fig. 18, page 
147, and the cellular type, as in Fig. 19, page 148. 


Equipment 


The equipment necessary for repairing tubular 
radiators, as well as those of the cellular type, con- 
sists of the following: 


1. A table, as shown at (1) (Fig. 81) for assembling 
or disassembling, or a work bench as shown in 
Fig. 80. The latter is designed for Ford radia- 
tors. This work bench (Fig. 80) includes a 
table, dimensions of which are given on the 
illustration, covered with tin, and with racks 
for turning radiators upside down or otherwise. 


2. Atest tank, as shown in (2) Fig. 81, or in Fig. 80. 
Air pressure is necessary, but not over 8 or 9 lbs. 


3, A compressor (12) (Fig. 81) should be provided 
for the air pressure, and a hot-water tank can 
be used for an air receptacle with a gauge (8) 
on the tank to indicate pressure. This air 
tank can be used for testing radiators, as ex- 


plained on pages 736, 737. It can also be used 
for the air supply to the torch (Fig. 80), in con- 
nection with gas. 


WORK TABLE 
RADIATOR 


SHELF FOR 
INVERTING RADIATOR 


Fig, 80 Radiator repair outfit. 
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Fig. 81. einece repair tools and devices. 

4. A gasoline fire-pot torch (7) (Fig. 81) or a gas 
furnace (Fig. 80) must be provided for heating 
the soldering irons. 

5. Two soldering irons (6) (Fig. 81) heavy enough 
to convey sufficient heat to the work. The 
iron should taper to a flat point as in Fig. 82. 
Long-pointed irons for core work are also nec- 
essary. 

6. Acid (4) (Fig. 81) must be kept in a stone pot. 
It is made of commercial muriatie acid cut with 
zinc, that is, zinc is placed in the acid and left 
in it until boiling stops. It is used for cleaning 
parts before soldering, and as a flux for soldering, 

7. A blow-pipe torch (5) (Fig. 81) must be used, 
but should be of a type which will give a con- 
centrated or flooding flame. It is used for sol- 
dering, loosening, or removing sections. 

8. A combined gas and air-type torch (Fig. 80) is 
necessary, This torch should throw a fine 
needle-point flame (see page 751). With such a 
torch and with wire solder, inside core leaks, 
honeycomb radiators, and hard-to-get-at places 
can be reached, but a torch of this kind must be 
kept in motion, otherwise part will be burned. 

9. Wire brushes (3) for cleaning off rust. See also 
page 740 for small scrapers. 

10. Metai snips, or shears (9). 

11. Weaver pliers (10) for straightening core mate- 
rial, also rods for running through bent tubes. 

12. Rubber plugs (11), 14” to 4” diameter in 14” 
sizes for closing openings in radiators when 
testing with air. See also pages 737, 740. 


Soldering Pointers 


_ Solder: Use “50-50” solder. It can be secured 
in wire or bar form. See also pages 738, 720. 
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The soldering iron should be well tinned. When 
iron becomes so dirty that it cannot be cleaned on 
sal-ammoniac it should be filed and re-tinned. 


To tin an iron, heat it, dip it into the acid, and 
rub it on a piece of sal-ammoniac, at the same time 
holding a bar of solder on the iron and thus coat its 
surface with the solder. Or, if a pot of molten solder 
is at hand, dip the iron into it. Never permit the 
iron to become red hot. 


To clean old fittings hard to solder, heat the part 
light red and plunge it into raw muriatic acid. 


Sweating: When extra strength is desired, seams 
are “sweated.” Sweating is accomplished by first 
putting the soldering iron (Fig. 82) on the seam tc 


Fig. 82. 


Sweating a seam. 


be sweated so as thoroughly to heat the metal. The 
solder is then flowed on to and between the pieces 
of metal to be united. The iron is again laid on 
the seam, in order to make sure that the solder 
flows in as deeply as possible. The iron must be 
very hot. 


Torch for radiator work: Although the soldering 
iron, which is drawn to a very fine point, is used 
extensively for soldering radiators in close places, 
the torch can also be used, especially for reaching 
the inner part of cells of a cellular radiator. The 
torch must throw a very fine needle-point flame. 


The type R-1 torch, not illustrated, of the Impe- 
rial make, issuitable for this work, It operates from 
city or coal gas. See also page 751. 


The Wasburn Burner Corpn., Kokomo, TInd., also 
manufactures a torch designed especially for radia- 
tor repair work, producing a fine needle-point flame. 


A gasoline gas generator, manufactured by F. L. 
Curfman, Maryville, Mo., is a very Satisfactory 
method of generating gas for a torch for radiator 
repair work where gas is not obtainable, and the 


price is very reasonable ($12.50). 


A gas torch, No. 70, to operate from this gasoline 
gas generator throws a needle-point flame and sells 
for $3.00. Supplied by F. L. Curfman. 


Testing Radiator for Leaks 


After the removal of the radiator from the car, 
the first thing to do is to test it. The inlet, outlet, 
and filler cap must be plugged, so that air pressure 
may be applied to the overflow pipe. Then if the 
radiator be put under water, the bubbles will show 
where the leaks are, 


When removing a radiator, the hose and flange 
are left on, as shown in Fig. 83. If the radiator 1s 
to be repaired, then the lower hose is removed. 


The openings in the radiator are then stopped 
up by means of expanding rubber plugs, or by an 
arrangement as shown in Fig. 84. (Similar plugs 
can be secured of F, L. Curfman.) One plug is in- 
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serted in the intake, another in the water ret 
and another in the filler opening. ee 


The air pressure is applied to the radiator 
through the overflow pipe, by slipping the rubber 
hose from the air line over the overflow tube. The 
radiator is then immersed in a tank full of water 
(Fig. 85), and the leaks determined by the bubbles. 
The leaky parts are then marked. 


Radiator 
\ 


Fig. 85. Testing a radiator submerged in water with air 


pressure. 


_ Another method for closing up a radiator for test- 
ing is to solder a piece of tin in the filler opening and 
to put a rubber plug in the bottom outlet and bolt a 
rubber gasket at (F) (Fig. 83). Then place the air- 
pressure hose on the overflow pipe. 


Another plan is to remove the radiator from the 
car and plug up all but one opening; then run the 
tube of a tire pump through a cork and place the 
cork in this last opening. 

Note. A radiator should never be subjected to a pressure 


greater than 2 to 4 lbs. New units will withstand from 8 to 
15 lbs., but that is seldom necessary. 


The next procedure is to determine if the radiator 
is a tubular or cellular type, by studying page 147. 


Removing Core of Radiator for Repairs 


The core of a radiator consists of all the tubes or 
cells through which the water flows from the upper 
tank to the lower tank (see Fig. 83). The core is 
connected to the upper tank and the lower tank by 
projecting it into the tanks and then soldering it. 


The core can be a tubular or cellular type, as 
shown in Figs. 86 and 87. 


In the cellular type (Fig. 86), the water flows 
around the cells and air circulates through the cells, 
whereas in the tubular type of core, the water flows 
through the tubes (Fig. 89), and air circulates around 
the tubes. 


When a radiator core is damaged badly, the core 
must be removed. Place the radiator on the repair 
bench, face down, and unsolder the lugs which hold 
the shell to the body. Then with a torch and a 
pry bar (Fig. 87), unsolder the core from the bottom 
next unsolder the core from the top tank, 


. 
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starting at the lower flange or header. The core 
can then be removed. Do not hold the flame in 
one place too long. 


Fig. 86 


Fig. 86. Cellular type of radiator core. 
Fig. 87. Tubular type of radiator core. 


Fig. 87 


Repairing Radiator Tubes 


To straighten damaged radiator tubes when the 
core is removed, use a long steel bar (Fig. 88). ‘This 
will also clean the tubes and all tubes should -be 
subjected to this process. 


Fig. 88 


When only one or two tubes are damaged,! the 
tube can be cut out of service altogether; for in- 
stance, see (A) (Fig. 89). Make holes at the ex- 
treme top and bottom of the tube and as close to 
the header as possible, using a prick punch. Flow 
solder into the holes liberally, and let it set until 
hard. See (A) (Fig. 89). 


WATE NOT 
CIRCULATING 


DAMAGED TUBE 
2 BRASS OF CoppLR FCRQULE 


Fig. 90 (upper) 
Fig. 91 (below) 


Sometimes tubes are cut out of service by cutting 
the tube and pinching it, and soldering as shown at 
(B). This, however, is not good practice, as the 
water will collect and freeze in winter. 


To splice a tube (see Fig. 90): Cut out the 
damaged part of the tube. Select another piece of 
the same diameter as the piece removed, but slightly 
longer. Spread one end by reaming with a punch or 
any tapered tool, and make the other end smaller 
by making a few cuts in it lengthwise, and then com- 
préss the end. Fit the large end (D) over the end 
of the tube being repaired, and the other end over 
the other part of the tube, and solder. 


1 It is not necessary to remove the core or to tear down the 
radiator for slight repairs. Simply force the fins to one side 
and straighten them after the repair. Before making a repair, it 
is, of course, necessary to test, in order to find out where the 
leak is. This should then be soldered without removing the 
core, if it is only a slight leak. 
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Another method (see Fig. 91) is to wrap a piece of 
light brass or copper around the injured part of the 
tube, so that the edges of the patch just meet or 
fail to do so by a shght margin, and then to solder it. 


There are many methods of repairing radiators: 
A method for repairing a leaky tube is shown in 
Fig. 92. 

The radiator is placed on a bench, and the leaky 
part of the tubes is heated with a blow-torch. 
When quite hot—a little hotter than boiling—muri- 
atic acid soldering solution is poured through the 
fins, all over the leaky tubes, to clean their surfaces. 
The cleaning process is very important. 


Fig. 93 


Fig. 92 
Fig. 92. Tllustrating how solder is poured over the leaky 
radiator tubes. 
Fig. 93. Illustrating dipping a radiator in a solder bath. 


A ladleful of solder is then melted. The radiator 
is bolstered up from the bench on blocks, and the 
melted solder is poured through the fins, over the 
leaky tubes. Note the method of catching the 
excess solder. 


Then the radiator is turned over and the solder 
is poured in from the other side in exactly the same 
manner. 

A little more acid is then added and a torch is 
applied to melt the solder and sweat it into all the 
leaks, closing them permanently. 


What is known commercially as 
to this work. 


“50-50” solder is adapted 


Though leaks and splits of quite a large size may 
be fixed in this way, it is occasionally necessary to 
tear the radiator down and to put in new tubes. 
The hardest part of the job is tearing the radiator 
down to the core and building it up again. New 
cores can be purchased with the top of the bottom 
tank soldered on. 


There are many other methods of cleaning and 
soldering leaks. The leaky parts are often scraped 
bright with small scrapers made from three-cornered 
files with the teeth ground off, and then acid is 
applied and the parts are soldered with a soldering 
iron made especially for this work by taking a 144 
Ib. soldering iron, heating it red hot, and drawing 
out long and slim. Then tin the iron carefully. 


Soldering by dipping: In large shops the tubular 
radiator is dipped into a solder bath (Fig. 93). The 
parts to be soldered are thoroughly cleaned and 
treated with muriatic acid solution, then dipped. 
The solder naturally will adhere only to the parts 
that are clean. The solder is made of 50 per cent 
lead and 50 per cent bar tin melted together. 
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Radiator Fin Repair 


Where the lateral fins of a tubular radiator (Ford 
type) have been removed for a repair, a false fin 
(D) may be made as shown in Fig. 94, by folding a 
34’’ strip of light brass, copper, or even sheet iron 
longitudinally upon itself to make a double strip 
34’ wide. Bridge it across the gap in the fin or 
fins, and then paint the patched place the same color 
as the rest of the core. 


= 
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Fig. 95 


Fig. 94 


Another fin repair (Fig. 95) is shown of a cellular- 
type radiator. 


Repairing Cellular Cores 


The cellular core is removed from the tank by 
melting the solder with a blow-pipe torch. As inch 
by inch is melted away, insert a piece of sheet iron 
between the core and the tank, so that when the 
flame is removed the solder hardens and the core 
and tank are not reunited. 


Inside leaks in cellular cores! can be soldered 
with a torch throwing a fine needle flame. Be 
very careful, however, to not burn the light metal 
up. Squirt acid or soldering flux on the spot with 
an ordinary oil squirt can. Deposit solder on the 
spot, using wire solder and the blow-torch. Smooth 
the solder over afterward with a small thin iron. 
A suitable iron for this work may be made from 
ordinary 14” iron. 

To remove a leaky cellular section from a core, 
the leaky section is cut out (Fig. 95) and all water 
passages into all sides are soldered up. After test- 
ing,a dummy section is inserted and_ soldered. 
The cooling capacity will be reduced slightly. 


It is advisable to secure an old radiator core and 
to practice soldering it before attempting a repair. 


Remember, when soldering parts of the radiator, 
that the metal must be scrupulously clean before 
the flux is applied, or else the solder will not hold. ” 


1 Tt is not necessary to remove the core from th i 
e radiator 
unless there are several leaks or the core is damaged. pel 


See ee 
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RADIATOR REPAIRING 


After completing the soldering, file smoothly and 
then place the radiator in the water and again test 
it with air pressure, in order to see if the leak is 
properly repaired. 


Small leaks are dealt with on pages 151, 152. 


Painting a Radiator 


It is very difficult to paint a radiator quickly and 
thoroughly with a paint brush, and the usual plan, 
where a great deal of the work is done, is to dip the 
radiator in a paint solution. A very satisfactory 
job can, however, be quickly done with a spraying 
outfit. A very simple home-made device is here 
illustrated. 


It consists simply of a construction such as is 
shown in Fig. 97, in two sizes and designs, which 
comprises a can (D) for the paint, consisting of a 
mixture of lampblack and turpentine, a hollow 
cylindrical tin handle (B) attached to the can, an 
air pipe (A) passing through the handle and through 
the can, as indicated by the dotted lines; and an- 
other similar pipe or tube extending downward at 
right angles from the one end of the horizontal tube 


Fig. 97. A home-made sprayer for painting radiators. 
into and near to the bottom of the can, as is also 
indicated by dotted lines. This is merely an 
adaptation of the principle employed in most 
atomizers. 


Fig. 98. Showing how the paint is sprayed on the radiator. 


When a stream of air is forced through the air 
tube (H) and (A), passing through the handle, and 
directed across the opening (C), at the top of the 
vertical tube the fluid from the inside of the can is 
drawn up and sprayed on to the radiator. It is 
best to tilt the radiator when spraying, so that the 
solution will drain off. (Motor Age.) 


A home-made spraying outfit similar to the one shown above 
is shown in lig, 99. 


The outfit consists of a 4-gal. oil can, made into an atomizer 
by attaching a tire pump to the end of the air pipe (B). 
piece of small brass pipe (A) is mounted in one side of the can, 
the upper end of it extending a short distance outside of the 
top. A second piece of pipe is mounted ina horizontal position 
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in the top of the can, as shown at (B). If a handle is attached 
to the can, as at (C), the piece of pipe (B) may pass through it 
lengthwise and extend a short distance beyond the end of the 
handle. Both pipes are soldered to the top of the can, and 
the screw top is provided with a gasket to make it tight. 


Fig. 99. Spraying device made of an oil can and a foot 


pump. 


When the air is forced through the horizontal tube (B) and 
caused to pass across the opening in the upper end of the vertical 
tube (A), the liquid in the can is drawn up and forced out in a 
fine spray. A mixture for spraying the radiator may be made 
of lampblack and turpentine. A sheet of paper should be 
placed back of the radiator to protect the engine, and around 
the outer edge, to prevent the liquid from bespattering the 
finish. Wipe off any of the mixture which may splash on the 
painted part of the radiator before it dries. At first the color 
will appear gray, but willsoon darken. (Popular Mechanics.) 


Paint for a radiator: Mix 3 oz. boiled linseed oil, 
4 oz. lampblack, 1 oz. turpentine, and thin down 
with turpentine to the proper consistency. In 
applying, the radiator must be either dipped into 
the solution (in this case a great deal more must be 
mixed), or sprayed, or the radiator can be placed 
on boxes, face up, and painted with a thin mixture 
as described above, applied plentifully so that it 
will run through the cellular parts of the radiator. 
A camel’s hair brush can be used to reach places 
not covered. 


Paint for fins can also be made from drop-black 
ground in japan and gold size, thinned with tur- 
pentine. 

Radiator Leak Preventives 


There are many so-called leak preventives. For 
instance, the manufacturers claim for a cement 
called “cold solder” that if it is pasted externally on 
a leak (Fig. 100), it will harden and stop a leak 
temporarily until the radiator can be repaired. 
(Made by Stone Solder Co., Cleveland, Ohio.) 


Fig. 100 


Another leak preventive is a chemical mixture of 
cement which is placed internally into the radiator 
when the water is hot. The solution is supposed to 
pass out of the leak in the radiator, and as it is 
exposed to the air it hardens and closes the leak. 
It is claimed that this preparation will also close 
cracks in water manifolds, etc. It is stated that 
slight leaks in radiators, and even a crack in the 
water manifold, can be stopped by the use of some 
of the radiator cements circulated in the water 
system. Some of the manufacturers of radiator 
cements are, Woodworth Mfg. Corpn., Niagara Falls, 
N.Y.; X-Laboratories, 630 Washington St., Boston, 
Mass.; N. W. Chemical Co., Marietta, Ohio. 
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Cleaning a Radiator 


The circulating system should be carefully 
washed out, early in the spring, because the anti- 
freezing solutions, used in the winter, are prone to 
leave the tube clogged up. In summer, it is ad- 
visable to flush out the circulating system about 
once a month (see page 151). 


To do this properly, the radiator inlet and outlet 
hose should be disconnected, and the radiator 
flushed out by allowing the water to enter the filler 
neck at ordinary pressure, whence it will flow down 
through the tubes and out at the drain cock and 
hose. The water jackets can be flushed out in the 
same manner. 


To remove scale from the inner surface of the 
radiator: One method is to use hot water, in which 
a small amount of ordinary washing soda has been 
dissolved, afterward rinsing this out with clean 
water. 


For very hard deposits a solution of one quart of 
commercially pure muriatic acid to five gallons of 
water should be circulated through the cooling 
system slowly for five minutes. 


Another good method is, to one pint of glycerine 
add enough boiling water to fill the system, then 
run the motor slowly and drain out after running, 
and flush with fresh water. Reversing the flow of 
water in flushing also helps. 


When it is necessary to clean the radiator spaces 
of accumulated mud, the radiator should be flushed 
from the rear, not from the front. In that way you 
avoid getting water into the magneto or ignition 
system, which is often short-circuited when the 
moisture enters it. 


Radiator Repair Pointers 


The following paragraphs will give an idea as to 
where to obtain some of the parts, such as cores, 
fins, etc. 


Radiator Cores 
The Ford radiator has a tubular core with fins (see Fig. 83). 


The core of a radiator is the principal part, and can be pur- 
chased separately from the upper and lower tanks. 


The core can often be purchased cheaper than it can be 
repaired. For instance, if any great number of tubes, say 
more than ten, need repairing, then a new core is advisable. 


The core is usually measured by its thickness. The Ford 


radiator is 254” thick, 


A firm that makes a specialty of supplying cores to repair- 
men is the Ideal Auto Radiator Co., 213-23 N. Morgan Stes 
Chicago, Ill. Cores are sold by the square inch. The height 
of the core is multiplied by the width, to find the number of 
square inches in a core. The manufacturers just named make 
five standard thicknesses, 2’, 234’, 3.14’, 4”, 414", to fit Ford, 
Chevrolet, Dodge, Studebaker 6, Cadillac, and Maxwell. 


Radiator Parts 


The material listed below can be secured of F. L. Curfman, 
Maryville, Mo. Mr. Curfman also issues a very interesting 
booklet on radiator repairing of a practical nature, covering 
repairs of both “tubular” and ‘cellular’ radiator cores: 

False fins made of tin or brass, 
Paint for radiator fins. 


Side walls, bottom and lower tanks, cores, filler necks, brass 
rivets, etc, 


Copper tubing tinned, 14” outside diameter, in lengths of faye 
17 34”’, 20’, and 22/7. 


Brass pipes 5/16” tinned, for overflow pipes, 29’ long. 
Soft sheet brass, hose clamps, drain cocks, ete, 
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Radiator Repair Tools 


In addition to the tools listed on page 736, the following are 
further suggestions: 
Electric flash light for examining close places, and also a special 
magnifying mirror. 
Brushes for cleaning, acids swabs, etc. 
Soldering irons made specially for small places. 
Scrapers for close places. 


Rubber stoppers: a gasoline torch of special design with a 
needle-point flame. 


Torch with larger flame. 

Flux and a flux squirter. 

Air compressor of special design which can be operated from a 
1/6 h.p. motor and from a lamp socket, to be used for air 
pressure for testing and for a gasoline torch. No tank 
required. 

Gasoline gas generator for use with a gasoline torch. 


Coil spring for placing in copper overflow tubing, so that it 
can be bent, etc. 


Radiator Solder and Flux 


Cleaning parts to be soldered is most important. This can 
be done by scraping and also, if in a close place, by using muri- 
atic acid applied to a cloth attached to a wire. 


Soldering flux, which is applied after cleaning in order that 
the solder may stick, is made of cut muriatic acid, as described 
on pages 736, 720, 721. 


Wire solder with acid or fiux in the core of the solder is best 
for radiator work. Write Chicago Solder Co., 218 No. Union 
Ave., Chicago, II. 


Thawing Radiators 


This would seem to be a simple matter, but, as 
in everything else, there is a right and a wrong way 
of doing it. The common practice is to block off 
the air and run the engine with a retarded spark, 
depending upon the heat generated to do the work. 
This method is permissible if the freezing is slight. 
However, if the unit is frozen solid, damage to the 
engine may result long before the solid mass liquifies, 
for the reason that the water in the jackets very 
quickly boils away, leaving the engine dry. By 


far the better plan is to remove the radiator and 
Immerse it.in hot water in the testing tank, as shown 
See also pages 153, 150, 154. 


in Fig. 101. 
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Fig. 101 


Fig. 102 


Fig. 101. To thaw outa solidly frozen radiator 1 it i 
hot water in the testing tank. Do not h 2 atetes ee 
that it will damage the finish, ge toe ae aoe 


Fig. 102. A device which is quickly and i 
elevating a radiator while soldering. ( Uses ay ee aa 
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OXY-ACETYLENE WELDING AND CUTTING 


OXY-ACETYLENE WELDING: 


Blow-pipe welding is a very ancient art, and was 
first practiced by the Egyptians. The early process 
consisted of heating metals of a low melting point 
by means of a torch, using a crude fuel gas and 
drawing the necessary oxygen from the air. 


The modern process of blow-pipe welding is 
somewhat similar, but it is applied successfully to 
the welding of high melting-point metals? as well. 
This was not possible until oxygen was obtainable 
on a commercial scale, and a fuel gas giving the 
necessary high-flame temperature could be pro- 
vided in safe, convenient, and purified form. 


Blow-pipe welding is generally known as “‘autog- 
enous” welding, although the same term could 
apply to electric welding. Autogenous welding 
must not be confused with brazing or soldering. 
Brazing or soldering is where a joint is made in 
which a different metal, having certain adhesive 
qualities, is used as a binder—it adheres, but does 
not “‘fuse.’’? Oxy-acetylene welding is where pieces 
of metal are united, or new metal is added, as in 
the case of building up worn parts—welding iron, 
steel, cast iron, malleable cast iron, aluminum, brass, 
copper, etc. 


Before this process of welding was invented, 
when a crank case or an exhaust manifold, gear 
case, cylinder, or other metal part was cracked or 
broken, it was necessary to get a new part, fully 
machined, from the factory. This was quite an 
expensive proposition. With the oxy-acetylene 
outfit it is possible to repair these at a very slight 
cost and to save those parts which would otherwise 
be worthless. Steel, iron, aluminum, brass, copper, 
platinum, and other metals can be perfectly united 
by this process. 


Method of welding: To those who are not familiar 
with the method by which welding operations are 
performed with this process, it may be said that 
welds are made by directing the oxy-acetylene 
flame on the pieces to be welded at the place where 
they are to be joined, until the metal is molten, and 
then adding additional metal of the same character, 
which is provided in the form of wire or sticks of 
suitable dimension for the purpose. 


There are two types of oxy-acetylene outfits: 
the stationary type and the portable type. The 
parts of the stationary outfit consist of a generator 
which generates the acetylene gas from carbide, a 
tank Coco a torch of special design, and a 
special iron table with a brick top. 


The portable outfit consists of the same parts, but 
instead of there being a gas generator, the acetylene 
gas is compressed into tanks by concerns who make 


1 An instruction book on oxy-acetylene welding can be ob- 
tained of A. L. Dyke, Pub., Granite Bldg., St. Louis, Mo. 
(price $1.10 prepaid). It treats on carbon burning or decar- 
bonizing, cutting and welding. A larger book, which is the 
most complete book published on the subject, can now be 
obtained also from A. L. Dyke, at the address given above 
(price $3.00 plus 25c. postage). 


2 See Index under ‘Melting points of metal.” 


a specialty of this work in all large cities. This 
type is the one mostly in use in small shops. The 
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Fig. 1. The stationary oxy-acetylene outfit. Note the 


iron table with brick top. 
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Fig. 2. The portable oxy-acetylene outfit. 


portable outfit can be put into a car and carried 

right to a garage for the work to be done, and will 

often save dismantling the engine or broken part. 
The oxy-acetylene welding and cutting outfit can 
be used for various purposes as follows: 

1. Welding broken frames, gears, shafts, crank cases, 
engine supports, axle parts, castings, cylinder 
water jackets, gear-sets, etc. 

. Cleaning tire vulcanizer molds. 

. Removing solid tires. 

4, Burning carbon from cylinder (see Index under 

“Carbon remoyal’’). 


5. Removal and replacement of terminal straps, 
plates of storage batteries, and other lead parts 
(see Index under ‘‘Lead burning’’). 


wh 


Qualifications of a Welding Operator 


A few weeks’ practice will develop the skill neces- 
sary to handle ordinary work likely to be met with 
in the average shop. Very thin plate work and 
neat work will, of course, require skill and longer 
practice. 


Welding of plates over 14” thick should not be 
attempted on particular work, until the operator 
has demonstrated his ability by first welding some 
sample pieces. 


The operator must have a fair knowledge of the 
nature and properties of the metals being welded, 
the effects of expansion and contraction, the reason 
for the use of fluxes and filling rods (see page 746), 
the proper kind of filling material, how to apply 
heat without burning the metal, etc., all of which 
can be learned from books treating on the subject. 


With this knowledge and _ practice the business 
can be made very remunerative. 


741 


742 


Gases Used for Welding 


The oxygen needed is furnished to customers in portable 
steel cylinders into which the oxygen is compressed to 1,800 Ibs. 
to the square inch. 


To estimate the pressure readings, a gauge is supplied. 
Take, for instance, an oxygen cylinder that holds 100 cu. ft. at 
120 atmospheres, or 1,800 Ibs. pressure approximately; each 
atmosphere represents 5/6 cu. ft. With a 250 cu. ft. oxygen 
cylinder, each atmosphere, or 15 Ibs. pressure, represents 2.08 
cu. ft. of oxygen. 


Acetylene is supplied to users in specially constructed steel 
cylinders of various capacities. The maximum charging pres- 
sure is 250 Ibs. to the square inch at 70° F. The cylinder con- 
tains about ten times its own volume of acetylene for each 
atmosphere of pressure that is on the gas. The porous sub- 
stance, such as pumice stone or charcoal which is in the tank, 
is saturated with a liquid solvent which has the peculiar 
property of absorbing or dissolving many times its own volume 
of acetylene at atmospheric pressure. When pressure is 
applied, the solvent continues to dissolve acetylene. 


Cylinders are, as a rule, charged to 15 atmospheres pressure 
at 60° F., so they contain 150 times their own volume when 
charged. Thus a cylinder that would hold 2 cu. ft. of water 
when empty will hold 300 cu. ft. of acetylene at 225 lbs. pres- 
sure at 60° F. 


Prest-O-Lite acetylene cylinders for welding are furnished in 
large-sized cylinders, style ‘“‘WC,” having approximately 100 
cu. ft. capacity, and style ““WK,” with approximately 300 
cu. ft. capacity. They are made as small as 30 or 40 cu. ft. 
capacity. - 

No eylinder should be exhausted at a rate greater than one- 
seventh of its total capacity per hour. ere the needed 
amount of acetylene per hour exceeds one-seventh of the 
capacity of one cylinder, connect two, three, or even more 
cylinders so that the total capacity is at least seven times their 
hourly discharge. 


It should be borne in mind that the contents are not accu- 
rately determined by pressure or gauge readings, which are 
affected by variations in temperature. The only accurate 
method of determination is by weight, one pound of gas 
equalling 141% cu. ft. Gauge pressures, however, are of great 
convenience in estimating roughly how much gas remains in 
the cylinder. In the case of a 100 cu. ft. cylinder, each 15 lbs. 
of pressure represents 6 2/3 cu. ft. of gas (approximately), and 
in a 300 cu. ft. cylinder each 15 Ibs. of pressure represents 20 
cu. ft. (approximately), according to temperature. 


Sources of Gas for Welding and Cutting 


For welding, oxygen and acetylene gases are 
needed. 


For cutting, oxygen and acetylene are also most 
generally used. However, other gases are frequently 
substituted for the acetylene. 

Hydrogen, carbo-hydrogen, and butane are gases which can 


be substituted. These gases do not give enough heat for weld- 
ing purposes, and so are not adaptable to it. 


Fig. 3. The Imperial automatic acetylene generator pro- 
duces pure acetylene gas from carbide and water, for welding 
and cutting and lead-burning by the oxy-acetylene process at a 
saving of from 2 to 4 cents per cubic foot over the cost of acety- 
lene in compressed cylinders. It possesses many marked 
advantages, the most important of these being the absence 
of weights, clock-work, and complicated mechanism. In the 
Imperial generator, the carbide feed is simple, sure, and de- 
pendable, and is automaticaly controlled by the gas consumed 
by the torch. The generating of gas automatically stops when 
the torch is extinguished, and automatically starts generating 
when the torch is relighted, thus automatically maintaining a 
constant, even gas pressure. (151b. generator, $155.00; 25 Ib. 
generator, $180.00; 50 Ib. generator, $275.00; 100 lb. genera- 
tor, $425.00.) 
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Note. This method saves from two to four cents per cubic 
foot over the cost of gas compressed in cylinders. Carbide in 
100 lb. cans is easily obtainable anywhere in the United States, 
and usually costs from $5.00 to $6.00 per 100 Ibs. in small lots, 
and less in ton lots. 100 lbs. of carbide will produce 500 cubic 
feet of acetylene gas in an Imperial generator. 


The acetylene gas can be generated from carbide 
and water in a generator (see Fig. 3), or can be 
secured in portable steel tanks (Fig. 4) from one of 
the several companies mentioned farther on, who 
compress gas into a special tank and ship It to you. 
When the gas is used out of this tank, it is returned 
and exchanged for a refilled one. 


The usual pressure in a full acetylene tank is 250 
Ibs. per square inch at 70° F., and the capacity is 
either 100 cubic feet, 225 cubic feet, or 300 cubic 
feet, depending upon the size of the tank. 


_ Smaller tanks of 40-ft. capacity are also obtainable, but are 
intended for lighting purposes only. It is not advisable or 
practical to use these 40-ft. cylinders for welding or cutting. 


Oxygen gas is obtained in steel tanks. The 
usual pressure is very high, ranging from 1,800 to 
2,000 lbs. per square inch, with a capacity of either 
100 or 250 cu. ft. of gas. 


On the welding torch (Fig. 5, page 743) there are 
two connections, one for acetylene and one for oxy- 
gen. Each gas is carried through a separate tube 
in the handle of the torch under pressure. Each is 
controlled by the valves located just ahead of the 
handle, and the gases are led into the mixing cham- 
ber located just ahead of the valves. In the mixing 
chamber they are thoroughly mixed and are then 
led to the tip through a tube and burned. 


Parts of the Prest-O-Lite Welding Outfit! 


The welding blow-pipe is shown in Fig. 5. Vari- 
ous sizes of tips are used for different kinds of work, 
The acetylene regulator (Fig. 6) is connected to 


the valve of the acetylene cylinder by means of the 
union nut (M), which must be drawn up tightly. 


The oxygen regulator (Fig. 7) is connected to the 
valve on oxygen cylinder by means of union nut (AA). 


Fig. 4. The Standard Prest-O-Lite, ¢ eH i . 
1 cylinder of Prest-O-Lite, dissolved cociglonce ton ee 
compressed oxygen; 1 welding blow-pipe with seven inter- 
changeable welding tips, Nos. 1, 2, 3,4, 5, 6 and 7 (Fig. 5); 
1 automatic constant pressure acetylene regulator, fitted with 
inlet and outlet pressure gauges (Fig. 6); 1 automatic constant 
pressure oxygen regulator fitted with inlet and outlet pressure 
gauges (Fig. 7); 2 suitable lengths of rubber hose; 1 set of four 

ose clamps; 1 box-end wrench for needle on Prest-O-Lite dis- 
solved acetylene cylinder valve (T-socket); 1 wrench for 
piecling oxygen regulator; 1 stuffing nut wrench for Prest-O- 

i pe tissolzed acetylene cylinder and for attaching acetylene 
regu ator 1 box end wrench for welding blow-pipe; 1 box 
wrench for welding tips; 1 pair special-colored lens goggles. 


1 Next four pages from Prest-O-Lite instruction book. 


OXY-ACETYLENE WELDING AND CUTTING 


OXYGEN ACETYLENE 


Fig. 5. Prest-O-Lite equal-pressure welding blow-pipe. (A) 
clamp for holding acetylene hose on nipple; (B) clamp for 
holding oxygen hose on nipple; (C) union nut on oxygen hose 
nipple; (D) union nut on acetylene hose nipple; (E) needle 
valve for controlling acetylene supply; (F) needle valve for 
controlling oxygen supply; (G) stuffing nut on oxygen needle 
valve; (I) union nut for disengaging or changing angle of bar- 
rel of blow-pipe; (J) interchangeable welding tip, size 7H, 
1H, 2H, 3H, 4H, 5H, and 6H are extra interchangeable welding 
tips. 


“eT 
ACETYLENE REGULATOR ASSEMBLY 


Fig. 6 Fig. 7 
Fig. 6. Prest-O-Lite automatic constant pressure acetylene 
regulator: (M) union nut securing regulator on acetylene 


cylinder-valve; (N) acetylene regulator outlet needle valve; 
(O) acetylene pressure regulator screw; (P) low or working 
pressure gauge; (Q) high or cylinder pressure gauge; (R) 
acetylene reducing valve; (S) acetylene hose nipple; (V) 
wrench on acetylene cylinder valve; (W) acetylene cylinder 
valve; (Z) gland nut on acetylene cylinder valve. ‘ 


Fig. 7. Prest-O-Lite automatic constant pressure oxygen 
regulator: (AA) union nut securing regulator on oxygen 
cylinder valve; (BB) nipple for hose to blow-pipe; (DD) 
oxygen regulator outlet valve; (EE) oxygen pressure regulating 
screw; (FF) main valve on oxygen cylinder; (CC) high or 
cylinder pressure gauge; (HH) low or working pressure gauge; 
(JJ) oxygen reducing valve; (KK) union nut on oxygen hose 


nipple. 
The Welding Flame 


The welding flame should be obtained gradually, 
by increasing the regulating screws alternately, 
until the correct flame is obtained. The correct 
oxygen and acetylene working pressures vary 
slightly for the various sizes of blow-pipe tips which 
are used for different work. All adjustments are 
made at the regulators while the blow-pipe is alight. 


Fig. 8. The oxy-acetylene flame. (A) shows a welding 
flame with an excess of acetylene; (B) shows a correct natural 
welding flame; (C) shows a welding flame with an excess of 


oxygen. 


Flame adjustment: It is absolutely necessary at 
all times that the welding flame be neutral, that is, 
that there be no excess of oxygen or acetylene. A 
correctly adjusted (neutral) flame is shown at (B) 
(Fig. 8). It will be noted that the inner cone is 
clear, and well defined. (A) (Fig. 8) shows a flame 
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having an excess of acetylene. The inner cone is 
tagged in appearance. To make such a flame 
“neutral,” the acetylene should be cut down by 
reducing the pressure either at the regulator or at 
the blow-pipe, or by increasing the oxygen supply. 
(C) (Fig. 8) shows an excess of oxygen. The inner 
cone has a very pale violet color, and is shorter than 
the cone in the neutral flame at (B). Proper adjust- 
ment, in this case, is accomplished by reducing the 
oxygen pressure or increasing the acetylene pressure 
at the regulators or at the blow-pipe. 


The temperature of the oxy-acetylene flame is 
6,300° F. 


The regulation of the welding flame really means 
the regulation of the white inner cone. This cone 
should always be as large as possible, provided its 
outline is sharp and distinct. A long, clear inner 
cone should always be sought. The gases should 
be readjusted several times, if necessary, until the 
desired result is obtained. 


When the blow-pipe is first lighted, it is cold. 
Radiated heat from the molten metal will gradually 
warm it. This is likely to affect the welding flame 
slightly. It usually will be found necessary to 
make readjustment of the gas pressures by means of 
the oxygen and acetylene needle-valve on the blow- 
pipe after the blow-pipe has been at work for a 
few minutes. 


Method and Material for Welding 


Preheating and reheating is sometimes necessary, 
in order to bring the metal to a uniform heat to 
insure uniform contraction while cooling. Figs. 9 
and 10 show devices for this purpose. 


Fig. 9. Construction of air-illuminating gas preheating 
torch. Over-all length, approximately 2 feet. 


Fig. 10. Fire-brick furnace mounted on small welding table, 


AIR VENTS 


Fig. 11. Brick oven for preheating work. The work 
should remain in the oven while the welding is done. When 
the welding is finished the cylinder should be covered with a 
fresh layer of charcoal, heated; then allow it to grow cold 
slowly. Many shops will not take in water-jacketed cylinder 
work, because of the difficulty in making the job hold. Diffi- 
culties of this sort are generally due to improper preheating. 
Small jobs may be preheated with a welding torch, a blow 
torch, or a forge (Motor World). 
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Fig. 11 shows a small furnace for preheating 
automobile cylinders. After a layer of firebrick has 
been placed on the table, the cylinder is supported 
on several bricks, and the walls of the furnace built 
up around it. Half-bricks are used for the second 
layer from the bottom, so that openings are left 
for the air supply. 


The fuel used should be of the best grade of hard- 
wood charcoal obtainable. This burns freely, 
without smoke or odor, requires no forced draft, 
and does not injure finished surfaces. It is necessary 
only to pack it around the piece to be heated, to light 
it, and let it burn at will. When in use, the top of 
the furnace should be covered with a sheet-metal 
plate. Vent holes should be closed when cooling 
(cool slowly). 


Filling rods are used to fill in gaps or cracks. 
Rods or wires are used of various lengths. 


Fluxes: Some metals do not flow together rapidly 
when heated (owing to oxidation); therefore a 
suitable flux, in the form of powder, is used. It is 
sprinkled in the weld by dipping the heated filling 
rod from time to time into the flux. 


The size of the blow-pipe tip is decided upon 
before welding. For instance, cast iron requires 
a larger flame than steel. 


Preparation before Welding 


In all welding operations, the parts to be welded 
should be set in proper alignment before the flame is 
applied. In the absence of precautions of this 
nature, the work is sometimes found to be out of 
alignment, and the part is rendered useless otherwise. 


It is always advisable to have on hand a good 
supply of different size clamps, “V’-blocks, and 
mandrels. These are always useful in setting up 
various jobs. See Figs. 12, 13, 14, and 15. 


Fig. 12. Example of six-throw crank shaft lined up on 
V-blocks and clamped on the face plate for welding. The 
broken sections are shown beveled to a chisel edge. 


Fig. 13. Lower half of aluminum crank case clamped to 
angle irons to insure true alignment. A patch is shown 
“tacked” in position ready for welding. 


Fig. 14. Upper half of aluminum crank case bolted to 
angle irons to insure true alignment while patching. 


Expansion and contraction: In every case o1 
welding, internal strains are inevitably set up, as a 
result of expansion when heating and contraction 
when cooling. When parts being welded form part 
of a structure and are not free to move during the 
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Under side of upper half of aluminum crank case 


Bige 15: 1 
Note mandrels clamped in crank and cam- 


shown in Fig. 14. 
shaft bearings. 


welding process, the strains produced may cause the 
metal to crack. This is especially true of cast iron. 


If cooling after welding is too rapid, or is irregular, 
a crack is hable to occur. Therefore it is advisable 
to heat the parts before welding (termed “pre- 
heating”) and then to heat after welding (termed 
“veheating’’). 


Fig. 17 


Fig. 16 
Method of holding flanged thin sheets in position 


Fig. 16. 
for welding. 


Fig. 17. Clamp with locking ring, 


Fig. 18 Fig. 19 


Fig. 18. Example of butt joint before welding employed 
on thin sheet metal up to 1/8 inch in thickness where beveling 
is unnecessary. 


Fig. 19. Example of bevel employed on metal less than 
5/8 inch or 34 inch in thickness and over 1% inch in thickness. 


case Remmcr 


Fig. 20 Fig. 21 


Fig. 20. Example of beveling and welding of sections over 
84 inch in thickness. Parts are beveled and welded on both 
sides as shown, 


Fig.21. Example of flange made on thin sheets before welding. 


le 


Fig. 22 Fig. 23 
Fig. 22. Examples of a lap joint before welding, 


Fig. 23. Shows appearance of a weld mad thi 
flanged before welding, as shown in Fig. a. ao 


[s) 
Fig. 25 


Correct method of holding the blow-pipe with 


Fig. 24. 
relation to the line of weld, 


Fig. 25. Two correct movements to give the welding flame. 
(A) ‘figure eight movement best suited to ordinary work. 
(B) zigzag movement which some operators prefer. 
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Fig. 27 


Fig. 26. 
The blow-pipe is also held at the wrong angle with relation to 
line of weld. 


Incorrect method of applying filling material. 


Fig. 27. Metal is slightly built up over beveled joint. 


Examples of Welding 


Fig. 28 shows a section of one side uf a steel cylinder and a 
convex head which is to be welded on. The weld should be 
made in the straight portion of the cylinder as shown, and not 
directly at the bend. 


Fig. 28 


Fig. 28. Location of joint when welding convex to steel 
cylinder. 


Fig. 29. Example of welding concave head in steel cylinder. 
Note: Both head and shell are beveled. This shows the 
method of accomplishing the same result in the case of a 
_ concave end. If the parts are beveled as shown the joint will 
be a strong one. 


Fig. 30 shows the correct method of welding pipe. The pipe, 
- where possible, should be rolled away from the operator in such 
a way that the portion being welded willbe on top. ‘‘Tacking’’ 
- at several points is necessary before the actual welding is 
started. However, if rolling is impossible, the pipe may 
- remain stationary, and the operator can weld entirely around 
_ it without difficulty after some practice, although this method 
is bound to be somewhat slower. 


Fig. 29 


or, 


Fig. 30 Fig. 31 


Fig. 30. Pipes beveled before butt welding. 


Fig. 31. Correct method of preparing shaft (beveled to 
chisel edge) for welding. 

Fig. 31 shows the proper method of preparing a shaft for 
welding. Note that this is beveled to a chisel edge, and not 
pointed. 

If the shaft is pointed (Fig. 32), the molten metal will fall 
upon the cold part of the shaft and adhesion will result, which 
means that the new metal is merely “‘plastered”’ on at certain 
points, and is not ‘‘fused.” 


Fig. 32 Fig. 33 


Fig. 32, Incorrect method of preparing shaft (pointed) for 
welding. 
Fig. 33. Sheets spreading apart away from point of weld. 


When butt-welding two lengths of plate, or when welding 
the longitudinal seam of a cylinder (Fig. 33), it is advisable to 
“tack” along the line of weld before commencing on the finished 
weld. This will prevent the overlapping of the sheets at the 
end farthest away from the point of welding. When starting 
to weld two lengths of sheet at one end, which have previously 
been placed in proper alignment, it will be found that they 
tend to spread apart, as shown in the illustration, As the 
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welding progresses, this spreading movement of the sheets 
ate and later they come together again with a tendency to 
overlap. 


“Tacking” (Fig. 34) holds the sheets in true alignment and 
prevents this overlapping, 


Fig. 35 


Fig. 34 


_ Fig. 34. Sheets ‘‘tacked” before welding, to prevent spread- 
ing. The black spots are small welds, 


Fig. 35. Wedge inserted to split tube ahead of weld, to 
prevent overlapping, 

Another method of preventing over-lapping of the plates 
(Fig. 35), in the case of cylinders, is to insert a wedge a short 
distance ahead of the weld, moving the wedge as the weld pro- 
gresses. 

In some cases when welding a longitudinal seam, it will be 


found advantageous to start to weld in the middle of the seam, 
and to work first toward one end and then toward the other. 


When welding angle-iron rings to cylinders where the thick- 
aesses are the same (Fig. 36), both edges should be set up as 
shown. 


eee 


Fig. 36 Fig. 37 
Fig. 36. Preparation of angle iron and tube of same thick- 
ness before welding. 
Fig. 37. Dotted line shows how filling material must be 
built up when welding angle to thinner section plate. 


When the angle to be welded to the plate is thicker than the 
plate (Fig. 37), apply the flame more on the angle than on the 


eens 


plate. This will tend to bring the parts to the fusion point at 
He same time. Metal must be added, as shown by the dotted 
ine. 


When welding a flat end into a tube (Fig. 38), prepare the 
end as shown, making a driving fit. 


UI 


Fig. 38 Fig. 39 
Fig. 38. Preparation of flat end to be welded into tube. 
Fig. 39. Shows preparation of pipes before welding to 
form branches. 


To weld a branch into a pipe (Fig. 39), prepare the work as 
shown, adding metal as indicated by the dotted lines. 


The welding of flat flanges to tubes (Fig. 40) is an operation 
that requires care, as the flange is usually considerably thicker 
than the tube and has to stand a good deal of strain. The 
flange and tube are best prepared as shown. The welding 
flame should play more on the flange than on the tube. 


slale 


Fig, 40 
Fig. 40. Preparation of flange to be welded to a thinner 
section plate. 
Fig. 41. Patch plate bellied and with edges beveled before 
welding. 


Fig, 41 
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When repairing cracks in plates (Fig. 41), always see that the 
crack is beveled through its entire thickness. The plate being 
welded should be free to move. If it is impossible to provide 
for this, instead of attempting to repair the crack, use a patch. 
A patch piece should always be slightly bellied and have edges 
beveled, as indicated in the illustration. 


Fig. 42 Vig. 43 
Fig. 42. Beveling cast iron. Note that the bevel does not 
penetrate the entire thickness to be welded. 


Fig. 43. Beveling from both sides in thick section of cast 
iron. 


Note that the points of the bevels do not meet. 


Fig. 44 Fig. 45 


Fig. 44, Fracture in the middle of a long bar to be welded. 
No precautions to overcome expansion and contraction strains 
are necessary, as the parts-are free to move. 


Fig. 45. Fracture in cross-member (A) of frame. The 
broken bar will contract on cooling, causing a strain on the end 
members (D) and (E). Risk of fracture may be avoided by 
heating the side members (B) and (C), or by cutting at the 
rorner (F). The cut (F) may be welded up without risk of 
fracture after the break (A) is welded and cooled. 


Selection of blow-pipe tip: The size of tip to use for welding 
iron and steel depends upon the thickness of the metal. Do 
not forget that the flame should be neutral at all times. 


Welding Iron and Steels 


Under this heading are included commercial 
wrought iron and mild or “low-carbon” steel. 


Practically all of the so-called “wrought” iron on 
the market today is in reality a mild steel. For 
this reason, wrought-iron and mild-steel metals are 
discussed as one. 


“Tow-carbon” or mild steel is quite ductile and 
malleable, but has a lower tensile strength and lower 
elastic limit than the “high-carbon” or hard steels. 
No close distinction can be made between high and 
low-carbon steels, but, in general, anything below 
25-point carbon (0.25 per cent) may be designated 
as mild steel, while those containing more than this 
amount are either half-hard or hard. 


Most of the steels that the operator will be called 
upon to weld are mild. There are various special or 
alloy steels, such as vanadium, nickel, chrome, man- 
ganese, etc., which will be taken up separately. 


Preparation of parts: Mild-steel parts are pre- 
pared in the manner described in the general 
instructions. Several methods of preparing the 
various parts to be welded are shown in the illustra- 
tions on page 745. 


High carbon or hard steel: Weld as directed for 
mild steel or wrought iron, and use a larger blow- 
pipe tip. For filling, use a drill rod of hard steel. 
This can be tempered; ordinary mild steel cannot. 
Use cast-iron flux. Execute weld rapidly. <A slight 
excess of acetylene may be advantageous. 


Cast steel: Weld in accordance with instructions 
on cast iron. Cast bars of the same material or of 
pecan steel or of Norway iron will answer for 

ers. 


For special steels, such as manganese’ steel (low 
carbon), use asa filler the same material or Norway 
iron, 


Nickel steel (low carbon) is to be welded in the 
same manner as mild steel, but use a nickel steel 
filling rod. 


Vanadium steel (low carbon) probably uses most 
of the various steel alloys. Weld as mild steel; 
use vanadium steel filler. 


Chrome steel: Weld as mild steel; use a chrome 
steel filler. Many chrome steels are in the high- 
carbon class, and the general remarks on “special 
steels” apply. 


Welding Cast Iron 


This is more difficult to weld. Carbon exists in 
cast iron in different states. In what is called white 
iron, which is very hard, the carbon is combined 
with or dissolved in the iron. In the grey iron, 
which is soft and easy to work, most of the carbon 
is in a free state in the form of graphite. Since it 
is generally necessary to machine or file a weld in 
cast iron, it is indispensable that the line of the weld 
be constituted of soft grey iron. Thus, in welding 
cast iron, always remember that too rapid cooling 
brings about a combination of the carbon and iron, 
forming hard, brittle white iron; while slow cooling 
or reheating after the weld is completed keeps the 
carbon in a free state, resulting in a softer, more 
workable material. 


Preparation of parts: Castings, before welding, 
should be very carefully freed from grease and rust. 
Cracks in metal over 3/16” thick must always be 
beveled before welding. When beveling cast iron 
it is not necessary that the groove penetrate through 
the entire thickness of the metal. It will be found 
best to leave about 14” of the thickness unbeveled, 
as shown in Fig. 42, above. When the metal is 
over 1’’ in thickness, and it is possible to weld from 
both sides, it will be well to bevel as shown in Fig. 
43. A diamond point or cape chisel may be used 
for beveling cast iron. Remember that careful 
linng up and clamping is very necessary when 
broken flanges or lugs are to be welded. 


A larger blow-pipe tip is used. To overcome 
expansion and contraction, preheat. While welding 
is in progress and after its completion, it is advisable 
to apply a blow-torch or light a fire under some part 
of the casting away from the weld. 


Filling material: Use a cast-iron filling rod con- 
taining a percentage of silicon. The percentage 
must not be too great or the weld will be soft. For 
flux, a cast-iron flux is necessary. 


Malleable cast iron is probably more difficult to 
weld and treat than any other metal. Castings to 
be made malleable are made of whiteiron. Use the 
same process as for cast iron with a white iron filler. 


Welding Cast Aluminum 


This metal has a low melting point (1,200° F.). 
See Index under “‘Melting point of metals” for other 
melting points. A large welding flame is used. 
Aluminum is not generally used in pure form. 
Alloys of aluminum and copper or zine are generally 
used. Alloys of aluminum and copper are easier to 
weld; there is less tendency to crack. Parts over 
14"’ thick must be beveled as in the case of cast iron. 


In order to prevent collapse during the welding 
and preheating operations, it is good practice to 
place a sheet of paper on the inside of the casting 
next to the crack to be welded. Back this paper 


‘with damp fire clay and pack up with asbestos fiber 


until a firm support is obtained. The paper pre- 
vents the fire clay from getting into the a With , 
this light backing, or mold, the castings can be 
weided easily. The mold should be large enough 
to cover a sufficient area around the crack so that 
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‘part too long. 


OXY-ACETYLENE WELDING AND CUTTING 


the heated aluminum in the vicinity of the weld 
will not break down. Whenever a weld is to be 
made close to a bearing, it is necessary to remove 
the babbitt (which would melt), and then to clamp 
mandrels (Fig. 15, page 744) in the bearings to keep 
them in alignment. 


Preheating should not be done except in cases 
where there is a projecting lug or flange. Preheat- 
ing must be done carefully and slowly. A blow- 
torch is generally used, but must not be left on one 
hen preheating, test with a stick 
of half-and-half solder—if it melts on touching the 
casting it shows sufficient heating. 


Filling: Alloy rods or pure aluminum rods can 
be employed of the same thickness as the metal to 
be welded. 


Flux: Opinions differ. Use aluminum flux, if any. 


Welding Copper, Bronze, and Lead 


Copper radiates heat very rapidly and is also a 
good conductor of heat. Preheating and continued 
heating are therefore necessary. The metal is 
prepared in a manner similar to steel and iron. 
Cover as much as possible with asbestos. It should 
be left free to allow for contraction when cooling. 
Filling: phosphor copper. Flux must be used the 
same as when welding brass. 


Brass: Preheating is not necessary. Use a 
special flux for brass and bronze, with a filler of brass 
spelter. ‘Tobin bronze with brass flux may be used 
where great strength is desired. The weld should 
be made rapidly, but the white cone of the flame 


~ must not touch the metal. 


Lead: Can be readily welded, but the operation 
is known as “ead burning.”’ (See Index.) 


Welding Thin Castings 
The inexperienced operator will find it a big help 


~ to build a form of fire clay as a support for the 
_ broken sections while repairing thin castings. 
~ holds the parts true, and also assists in the control 
~ of the molten metal. 


This 


Whenever it is necessary to weld in a patch, a 


~ new piece of the same metal should be cut to the 
proper size and shape, the edges of both parts 
- should be beveled, and the patch held in place tem- 


porarily by “tacking,” that is, welding at several 
spots some distance apart along the line to be 
welded. To hold a large patch in position while 
being ‘‘tacked,” it may sometimes be necessary to 


_ drill a small hole in the center of the patch into 
_ which a length of rod can be inserted, and by which 
_ the patch may be handled. This hole may after- 


wards be plugged and welded up. Small patches, 
that must be placed in difficult positions, may be 
conveniently handled by simply welding a filling 
rod to the center of the patch. This may later be 
melted off. 


Sundry Uses of Welding Outfit 


Tool hardening: The welding flame will be 
found useful as a source of heat for the heat treat- 
ment of small tools. 


Gear-tooth hardening: Gear teeth may be har- 
dened by playing the welding flame along the face of 
a tooth and then allowing the heat to be conducted 
away by the body of the gear. The intense heat 
of the flame permits a single tooth being heated 
very rapidly, before much heat is conducted to the 
rest of the gear. As soon as the flame is removed 
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the heat in the treated tooth is conducted away to 
the body of the gear. This causes hardening of the 
tooth. This operation is repeated until the desired 
depth of hardening is: reached. 


Teeth may be hardened by this method to a depth 
of about 3/32”. The rapidity with which the 
treated tooth may be chilled will be increased if 
the gear is partly immersed in water while the treat- 
ment is performed. 


Burning battery terminals or connections: For 
this operation, see Index under “Lead burning.” 


The metals and parts mentioned above, and 
many other parts from an automobile too numerous 
to mention, can be welded successfully. 


All up-to-date welding and cutting shops have 
the latest modern equipment installed to take care 
of all classes of work, such as preheating cylinders, 
cases, etc. 


The cutting process of this art consists of the 
cutting and wrecking of all kinds of “I-beams,” 
“channel iron,” “girders,” cutting of boilers, tanks, 
cutting and opening of safes, “steel pilings,” etc. 


Pure oxygen used in the process of removing car- 
bon from cylinders is one of the most advantageous 
agents at the service of the automobile owner. See 
also page 751. 


Channel Iron, Angle Iron, ete. 


These terms are often used in connection with automobiles. 
For instance, the front axle is often spoken of as an “I-Beam’? 
(see Fig. 46); ‘channel iron” or steel is used for chassis frames 
of a car, and an end section is shown in the illustration; other 
sections are also shown. 


: y 

| 
CHANNEL “ 
SECTION T-SECTIGN 


ANGLE IRON TUBULAR SECTION 


Fig. 46. Sections of iron and steel members which explain 
why certain shapes are termed ‘‘I-Beam,” “‘Channel,”’ “Angle,” 
etc, 


Molybdenum steel is a steel that is lighter than any other 
steel of equal strength, and stronger than any other steel of 
equal weight. 


Oxy-Acetylene Cutting 


The cutting blow-pipe is commonly usd for cutting through 
various thicknesses of wrought iron and steel up to 14 inches. 
(Wrought iron and steel are the only metals that can be cut by 
this process.) As an adjunct to a welding equipment, it is used 
for beveling and for cutting out patches and holes. 


The process is based on the fact that a jet of oxygen directed 
upon a previously heated spot of iron or steel causes it to ignite, 
with the result that the metal, acting as its own fuel, burns 
away rapidly in the form of iron oxide. A special blow-pipe 
is provided for this work (Fig. 47). 


The oxygen cutting blow-pipe cannot be used for welding, 
any more than can the welding blow-pipe be used for cutting. 


The difference between the cutting and the welding torch 
lies principally in the fact that three jets are used, but two 
gases are used in cutting the same as for welding. 


The same source of gas supply is used as for welding. _ the 
same acetylene regulator is used, but if work over 3” thick is 
to be cut, a special oxygen regulator must be employed. This 
is exactly the same in appearance as the oxygen regulator for 
welding, but it is fitted with a stronger spring and a higher read- 
ing outlet or “working’’ pressure gauge. 


The special oxygen regulator, as used for cutting thick work, 
should nee be teed for eo diag, as the regulation is not delicate 
enough to maintain a strictly neutral flame, especially when the 
smaller tips are in use. The oxygen regulator for welding 
however, can be used for cutting on work up to 1 }4’’ in thickness. 
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The oxygen cutting regulator is connected to the oxygen 
bottle in the same manner as the welding regulator. The cut- 
ting blow-pipe is connected to the gas supply through the regu- 
lators in exactly the same way as the welding blow-pipe. 


There are two kinds of oxy-acetylene cutting blow-pipes, 
known as the ‘central’ and ‘‘following’’ jet types. The 
“central” jet type has a number of oxy-acetylene heating flames 
surrounding a central hole through which oxygen only passes. 
The following” jet type consists of one oxy-acetylene heating 
jet and one oxygen jet. The holes for these jets are usually 
drilled in the same tip, but sometimes have separate tips which 
are set close together. 


The principles of construction and operation of an oxy-acety- 
lene cutting blow-pipe of the central jet type are shown in 
Fig. 47. The oxygen and acetylene supplies are connected 
up through the regulators and rubber hose to the hose nipples 
on the blow-pipe. 


The outlet valves on both regulators and also all valves in 
the blow-pipe are closed. The gas is then turned on at the 
cylinders, as in welding, and the regulators are adjusted until 
the outlet or working pressure gauges show the working pres- 
sures specified on the instructions issued with the cutting blow- 
pipe by its manufacturer. The acetylene valve in the blow-pipe 
is then slightly opened and the blow-pipe lighted; the oxygen 
for the heating flame is then turned in at valve (D) (Fig. 47). 
This permits oxygen to mix with the acetylene at (J). The 
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Fig. 47. Diagram illustrating the principle of the oxy- 
acetylene cutting blow-pipe torch. 


flow of the mixture of the gases is indicated by arrows. 
Valves (D) and (I) are adjusted until a neutral heating flame 
is produced. The cutting oxygen is then turned on at (E). 


The line of flow of the cutting oxygen is shown by arrows. 
The nipple or inner tip through which it discharges is inter- 
changeable, and manufacturers indicate in their instructions 
the aed or size of tip to be used on different thicknesses of 
metal, 


Watch the working pressure gauge on the oxygen regulator, 
and see if it reads the right pressure for the metal to be cut as 
originally set; if not, adjust the regulator, and when this is 
done readjust the heating flame if necessary. Do this as 
quickly as possible, to avoid waste of oxygen. Now shut off 
the cutting oxygen at (E), and the blow-pipe is ready for work. 


When the metal to be cut is sufficiently heated at the point 
where the cutting is to start, the cutting oxygen is turned on. 
When the cutting operation is once under way, the heating and 
cutting proceed together. The cutting operation is very simple, 
and can be mastered in a few hours. 


The point to observe is that (I) is the acetylene valve and 
(D) is the oxygen valve, which are turned on first. With them 
the part to be cut is heated. Then valve (E) is opened, which 
permits a stream of oxygen to be directed upon the heated spot. 
See the two preceding paragraphs. 


Cutting may be made to follow any desired line. When 
special forms and shapes have to be cut, it is advisable to make 
a special mechanical contrivance with which to steady and 
guide the blow-pipe and thus to insure a clean cut. Hold the 
pew pine tip about 14” away from the surface of the metal to 

e cut. 


A cut should start from the edge of the metal, whenever pos- 
sible. When it is desired to cut a piece out of the center of a 
plate, start inside the circumference of the piece to be cut 
(Fig. 48). On thick plates, where the cut cannot be started 
irom the edge, it may be necessary to drill a hole to get a quick 
start. 


, Fig. 48. Shows point of start (A) when cutting circular hole 
in plate (From Prest-O-Lite instruction book). 


rtain precautions are necessary before the operator starts 
to ide One piece of metal. A bucket of water should be near 
at hand for cooling the cutting tip when necessary. _ Both 
oxygen and acetylene should be shut off at the blow-pipe to 
extinguish the flame before dipping the tip of the blow-pipe 
into the water. ‘To expel any steam formed inside the tip, turn 
on the oxygen valves at the blow-pipe and allow oxygen to 
flow for a moment before turning on acetylene and lighting it. 


Approximate Prices to Charge for Welding 
Broken Parts by the Oxy-Acetylene 
Process 

The following list gives approximate prices usually charged 
for welding, and the cost. The prices are not standardized. 


Cylinders, Water-Jacket Fractures 


Doubles seta nen ferguson eee eerie $8 .00 to $15.00 
Singles es STORES Ok te ee es eee eer 4.00 to 8.00 
Blockiof&tour) or Six.) eee een aeelee 10.00 to 15.00 
ae OF CATE CACM sa0.- alee aie $3.50 two or more 3.00 


Aluminum Crank Case and Lower Cases 


It is very difficult to determine an exact price on this line of 
work without a thorough examination of the fractures, but as 
a general rule the average cost of welding is as follows: 


"Pop cases|; . est nea ele tee ee Soe $ 6.00 to $25.00 
TiO WEE (CABES:« Sis. ous Succi fncgedeveus = lalel eaRaine nace 6.00 to 12.00 
Manifolds—Aluminum 
A Tagtor eark sisreers clase $1.50 Two or more $1.00 each. 


Manifolds—Cast Iron 


Plagior earns ee eee $1.25 Two or more $0.75 each. 
Crank Shafts 
‘L.throw? cranks i: ,.-4-a i re oe eee eee $ 6.00 to $ 8.00 
2 throw: cranks, j.raysepex ac cee ater aie ee ato ae 8.00 to 10.00 
4: throw ranks’, ss: Sects Se eee eee 10.00 to 14.00 
6 throworankss 2stae <.. sree kee ee 12.00 to 16.00 
Body Frames 
Two dnGhes'. o/evc-duevem x Ole take Rac arere ears ave SRE alone eee CO 
Three inches .o3.5).-4 6 iis25., 18s) s teal SS neetote ale euet s eh sts: SO 
Pour inches’. ss5.cuas isgate.«ic, 4 5, es roraar recuse nine ee 10.00 
Bive imGhes ooh cc 0k soso ote seen ener ter tae te erect eres 12.00 
Six inches'....55,5.s-<.c a ess 0s a ie eee 15.00 
Bight inches). <-.t0cartac ops cap ake eee eee eee 17.00 


Rear-Axle Housings 


Prices vary according to size and fractures, but they average 
from $3.00 to $18.00. 


Lamp: bracketsasoe een see ee eee $0.50 to $1.50 
LOVOLSis cc aliens vin Sleds Soni @ aoe Re Eeroe 75 to 2.00 


The Cost of Welding! 


Consumption | Cost of gas |Consumption| Cost of gas 
per hour per hour per hour per hour 


17 cu. feet 
47 cf feet 


Thickness Size tip to 


The total cost of gas per hour would be 30c. + 34c.=64 cent 
and 86 cents + 94 cents=$1.80. a cents, 


The approximate capacity per hour of welded seams (3/16” 
eee sould be 15 to 20 lineal feet, and 7 to 12 lineal feet on 
8 O 7O .« 


Note. In welding metals of from 3/16” to 14’ in thickness, 
the average approximate capacity, expressed in terms of lineal 
feet of welded seam, would be from 15 to 20 feet per hour, being 
a cost for gas of from 3 to 4 cents per lineal foot. For metals 
3” to 16” in thickness, the approximate capacity would be 
from 7 to 12 lineal feet per hour, being a cost for gas of from 
15 to 25 cents per lineal foot. 


Under continuous use with the No. 3 tip, a cylinder con- 
taining 100 cubic feet of acetylene will run about 614 hours, 
while the same quantity of oxygen would run about 6 hours, 


With the No. 5 tip, a cylinder containing 100 cubie feet of 
acetylene would run about 2 1/3 hours, while the same quan- 
tity of oxygen would run about 2 hours. 


1 The acetylene prices quoted above are based on a price of 
2 cents per cubic foot, whereas the price is now 3’ cents. Oxy- 
gen prices given are based on a price of 2 cents per cubic foot 
whereas the price is now 214 cents. ; 
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The Cost of Cutting! 


Oxygen 
Consumption | Cost per 


per lineal foot} lineal foot 


Thickness 2 
of Metal Consumption| Cost per 


per lineal foot] lineal foot 


ye 
3 


i, 13 cu. feet -50 cu. feet 
} .18 cu. feet -90 cu. feet 0.018 


The time required per foot of cutting length of the 1’ 
thickness of metal named above is 1 minute and 14% minutes 
for the 3¢” thickness. 


The total cost of gas per cutting foot on the 14” thickness 
would be 114c. to 1% cents, and 2 14 cents to 21% cents on the 
36” thickness. 


Note. In continuous cutting through metal 14” thick, the 
cost for gas would be about 2 cents per running foot and the 
time about one minute. 


For metal 34” thick, the cost of gas per running foot would 
be about 3 cents per foot and the time about 114 minutes. 


When cutting 14” metal, a cylinder containing 100 cubic 
feet of acetylene would run about 12 hours, while the same 
quantity of oxygen would run about 3 1/3 hours. 


For 34” metal, a tank containing 100 cubic feet of acetylene 
would run about 11% hours. while the same quantity of oxygen 
would run about 2 1/3 hours. 


It will be noted that in the process of cutting the extra 
quantity of oxygen required is due to the cutting jet of pure 
aise which is used in addition to that mixed with the acety- 
ene. 


Tanks containing 200 cubic feet of gas would run twice as 
long as the 100-foot tanks. 


The foregoing estimates are based on acetylene and oxygen 
gas costing $2.00 per 100 cubic feet. The cost of labor should 
be added to the total cost of gas. 


Where to Obtain Gas Tanks for Welding 


Gas tanks can readily be obtained at branches of the various 
firms mentioned below. 


Oxygen and Acetylene Gas for Use with Imperial Welding 
and Cutting Outfits 


Oxygen for welding and cutting can be obtained from the 
Linde Air Products Co., of Chicago, and New York, which has 
twelve plants and twenty-five warehouses in various parts of 
the country. It furnishes oxygen in tanks containing 100 and 
200 cubic feet respectively, with free use of tanks. 


Acetylene Gas for Welding and Cutting 
Some manufacturers of acetylene gas are mentioned below: 


The Prest-O-Lite Company of Indianapolis, Ind., which has 
branches in nearly all the large cities of the United States. 


The Commercial Acetylene Ry. Light & Signal Company of 
New York has numerous branches. We are advised it sup- 
plies acetylene for welding and cutting. The tanks contain 
120 and 225 cubic feet. 


Approximate shipping weights are as follows: 


LDTANCI SNS, asec. fy cities oe Be RRR ER 100 cu. ft. 122 Ibs. 
LBATAYG 2 Aste cid cio: tao tae Re eee 200 cu. ft. 150 Ibs. 
HPrest-OUnite eg: cae cys. crstushs, «)eteeas ai 100 cu. ft. 85 Ibs. 
Prest=O=Ihite rr misriy ccwe oe. 6, 0 gudueus 300 cu. ft. 220 Ibs. 
POEL COIS IG tenemepsgeit iaieie ieee s).0.00) seus 100 cu. ft. 75 lbs: 
MeanGahligh ts, ons a0 cereme ct tersiecscere 225 cu. ft. 180 lbs. 
@omimercial’e jc jars evens et ons ss sre nh 120 cu. ft. 120 lbs. 
Womunerciall sees .sse eae oe aleve are 225 cu. ft. 180 lbs. 


The weight of acetylene is approximately 141% cu. ft. to a 
pound, 


The price of oxygen and acetylene varies somewhat, depend- 
ing on location, prices in the extreme West and South being 
somewhat more than in the East. The prices in the East for 
both oxygen and acetylene are approximately $2.00 per hundred 
cubic feet at the filling station or warehouse. 


You can obtain full information regarding oxygen and acety- 
lene by corresponding with the companies named above, at 
the branch nearest to you. 


To provide a constant supply of gas for your shop, you can 
no doubt arrange to get the use of from three to six cylinders 
or more, according to requirements which would eliminate 

ossibility of running out of gas by having extra cylinders on 
Brand for use while getting empties recharged. 


1 Used most. 
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Your automobile supply house with whom you are trading 
may be able to give you additional information on this subject. 


Oxy-Hydrogen 


An important feature to the Imperial welding and cutting 
equipment is its adaptability for use with oxy-hydrogen as 
well as oxy-acetylene. When it is desired to equip for both 
oxy-hydrogen and oxy-acetylene, the only change necessary is 
re addition of one hydrogen regulator and a set of hydrogen 
ips. 


Tips for welding as well as cutting with hydrogen can be 
furnished. The tip is marked with the pressure of gases 
required. 


Where a supply of hydrogen is available at reasonable prices, 
it is recommended in connection with oxygen for cutting of 
wrought iron and steel of any thickness. The cut will be 
found smoother and the operation more economical than by 
the use of acetylene for the preheating flame. 


For welding in general repair work, such as gears and castings, 
aluminum crank cases and other alloyed metals, the use of the 
oxy-hydrogen flame is recommended. For welding thin sheet 
steel, from 16 gauge up, the oxy-hydrogen flame is found very 
effective. Its temperature being about 4,000 degrees F., the 
metal is not burned so easily and as hydrogen contains no car- 
bon, the weld is softer and very uniform. Cast iron may be 
welded with oxy-hydrogen very successfully up to 34” in 
thickness. 


For welding steel of more than 14 inch in thickness, the oxy- 
acetylene flame should be used under all circumstances. 


Internal Construction of Regulators for 
Acetylene and Oxygen 


Two regulators are necessary, one for oxygen and 
one for acetylene, except when a stationary type of 
generator is used, such as the Imperial (Fig. 3, page 
742), as in that case the acetylene regulator is not 
necessary. 


The regulator is a very important part of the 
equipment and in order further to simplify its opera- 
tion, a sectional view of the Imperial regulator 
(Fig. 49) will be used. 


RV 
‘OXYGEN REGULATOR. 
‘ACETYLENE. REGULATOR’ ; Nap 


ACETYLENE 


Fig. 48. Showing Imperial welding outfit connected to 
tanks: (A) acetylene inlet to torch; (AV) acetylene valve on 
torch; (B) tank coupling; (C) hose coupling; (D) outlet valve 
to hose; (E) acetylene regulating screw; (F) acetylene tank 


valve; (G) oxygen tank valve; (H) tank coupling; (J) hose 
coupling; (K) outlet valve to hose; (L) oxygen regulating 
screw; (M) acetylene tank pressure gauge; (N) acetylene 


working pressure gauge; (O) oxygen inlet to torch; (OV) 
oxygen valve on torch; (P) oxygen tank pressure gauge; (R) 
oxygen working pressure gauge. 


Note. When either the Air Reduction or Commercial Com- 
panies’ acetylene tanks are used, the acetylene regulator stands 
out at right angle to the tank, as shown in center tank. 


When Prest-O-Lite tanks are used, the regulator stands up 
on end, as shown in partial view of tank at left. 
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In order to weld successfully, it is necessary that 
two gases be used by delivering the gases in equal 
proportions to the torch, in order to make a flame 
of the proper intensity. 


The purpose of the regulator is to reduce the 
pressure in the cylinders or tanks to a working pres- 
sure. 


The pressure of the acetylene tank, when full, 
shows 250 Ibs. The regulator reduces the pres- 
sure to from 1 to 10 lbs. for welding and from 10 to 
15 lbs. for cutting. 


The acetylene regulator and the oxygen regulator, 
one of which must be used on each tank, are similar 
in construction. 


The acetylene regulator has a German silver dia- 
phragm. 
The oxygen regulator has a bronze diaphragm, 


the thiekness of which is approximately one one- 
hundredth of an inch. 
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Fig. 49. Sectional view of the Imperial pressure regulator. 


Regulator action (Fig. 49): The gas enters the regulator 
through the gas inlets (B) and (H) and travels through the 
hese, indicated by arrows to the nozzle (X). It is stopped 

ere because the seat (S) is held against the end of the nozzle 
by the spring (A) which pushes against it. 


To make the regulator operate, the regulating screws (E) 
and (L) are screwed in (to the right), thus placing tension on 
the spring (Z) which forces the diaphragm (B) downward. 

Inasmuch as the seat (X) is‘carried in the yolk (O) which is 
fastened to the diaphragm, this spring tension pushes the seat 


(S) away from the seat (X) and allows the gas to flow into the 
bowl of the regulator. 


This gas forms a pressure against the inside of the diaphragm, 
as indicated by small arrows, and has a tendency to push the 
seat back against the nozzle. The pressure on the spring (Z) 
and the gas pressure against the diaphragm balance, and the 
regulator is held open just enough to allow as much gas to 
escape through the nozzle as is being drawn out at the outlets 


(C) and (J). 


To obtain more pressure, screw in on the regulating screws 
(E) and (L), To reduce the pressure, unscrew the regulating 
screw. 


The oxygen and acetylene regulators are the 
same except that in the oxygen regulator there are 
two springs, and in the acetylene, only one, and the 
gauges are different. 


The pressure of the oxygen tank, when full, is 
2,000 Ibs. The regulator reduces the pressure to 
anything from 1 to 15 lbs. for welding, and from 
20 to 150 lhs. for cutting. 
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The cutting torch (Fig. 47, page 748), has two 
connections, one for acetylene and one for oxygen, 
but the difference here is that after the two gases 
are used to heat the article to be cut, more oxygen 
is admitted through a third tube, with the result 


explained on pages 747, 748. 


Acetylene Gauges 


Refer to the illustration (Fig. 48) and note the location of 
the gauges. 


In Fig. 48 (M) is calibrated in pounds from o Ibs. to 500 Ibs., 
and is the gauge connected with the acetylene tank (Fig. 48). 


(N) is calibrated in pounds from o lbs. to 50 lbs., and is the 
gauge from the regulator to the torch, and shows the reduced 
pressures (Fig. 48). 


Oxygen Gauges 


High-pressure oxygen gauges (P) (Fig. 48) are graduated 
to show both the tank pressure and the percentage of gas in 
the tank. The outside reading from 0 to 3,000 lbs. gives the 
pressure of the gas in the tank. 


The smaller readings are to be read as follows: If the regu- 
lator is being used on a tank of 100 ft. capacity, the readings 
from 0 to 100 are used. If the regulator is being used on a 
tank of 250 cu. ft. capacity, the scale from O to 250 is used. 
Therefore, if, after completing a job, the pointer on the gauge 
should show on the 200 point and the regulator was being used 
on a 250 ft. cylinder, it would mean that there were 200 cu. ft. 
of gas left in the tank. 


(R) is calibrated in pounds from o lbs. to 150 Ibs. (Fig. 48), 
and shows the reduced pressure from the regulator to the torch. 


Sometimes gauges are calibrated in atmospheres. An 
“atmosphere” is equal to about 15 lbs. Therefore, if a tank is 
full, and the gas is compressed to 1,800 Ibs. to the square inch, 
the gauge would show 120 atmospheres (see page 442 explaining 
atmospheres). If tanks are placed where there is considerable 
heat, the gas will expand and increase the pressure. 


Sometimes both an atmosphere and pound calibration is 
used on the same gauge. 


Capacity of tanks generally used is 50, 100, 150, and 200 cu. 
ft. The size of the tank gives its capacity. 


The Cost of Welding, Cutting, and 
Decarbonizing Outfits! 


_ No. x Imperial welding outfit (Fig. 50): For all general weld- 
ing work, from thin sheet metal to heaviest castings. Consists 
of type B welding torch, with ten welding tips, extension, 
decarbonizing torch, regulators, gauges, hose, connections, 
goggles, complete supply of welding materials, ready for service. 
Weight, approximately 75 Ibs. net, each $75.00 


Fig. 50. No. 1 Imperial welding outfit. 


2A book of instructions on welding and cutting, as ]i 
with the Imperial outfits, can be secured of A, L. Dyie. Coos 
Bldg., St. Louis, Mo., price $1.10 prepaid. 
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OXY-ACETYLENE WELDING AND CUTTING 


No. 2 Imperial all-purpose garage welding outfit (Fig. 51 
This fills the requirements of the small shop 2 ee Be “pith 
this outfit it, is possible to do welding, carbon burning, lead 
burning, radiator soldering, brazing, preheating and cutting. 
The No. 2 cutting attachment (Fig. 52) which will cut steel 
and wrought iron up to 214” thick, is $10 extra. 


Fig. 52. 


No. 2 cutting attachment. 


The No. 2 Imperial Welding outfit (Fig. 51) consists of: 


1 type BB welding torch, with 6 welding tips, Nos. 1, 2, 3, 4, 5, 
and 6. 

1 type H carbon-removing tip. 

1 type OO lead-burning tip. 


1 type G radiator-soldering tip. 


1 type F brazing tip. 

1 type D oxygen regulator, with 50-lb. working pressure gauge. 

1 type DD acetylene regulator, with 50-Ib. working pressure 
gauge. 

1 No. 60-H adaptor for Prest-O-Lite tank. 

1 No. 61-H adaptor for commercial and air-reduction tanks. 

1 10-ft. oxygen hose, with couplings. 

1 10-ft. acetylene hose, with couplings. 

1 pair welding goggles, supply of cast iron, and Norway iron 
welding rod, flux. 

1 spark lighter and welding handbook, weight 16 lbs., packed 
in carton. ‘ 


The price of the No. 2 welding outfit complete, without cut- 
ting attachment, is $44.50; with cutting attachment, $10 extra. 


No. 4 Imperial combination welding and cutting outfit: A 
splendid equipment for all general work, garages, repair shops, 
etc, The combination welding and cutting torch performs 
both operations with one torch. Consists of type B welding 
torch, with type DB cutting attachment, ten welding and three 
cutting tips, decarbonizing torch, regulators, gauges, hose, 
connections, goggles, complete supply of welding materials, 
ready for service. Weight, approximately 80 Ibs., net, each 


$90.00. 


No. 5 Imperial duplex welding and cutting outfit: This is a 
combination of the Nos. 1 and 3 outfits for both welding and 
cutting, and is the best all-purpose apparatus obtainable at 
any price, being fully adequate to handle all kinds of welding 
and cutting within the limits of the process. Consists of a 
complete No. 1 welding outfit as described, and also includes a 
type E cutting torch with two housings and four tips, and an 
extra pair of goggles and 25-ft. lengths of hose. Weight, 
approximately 90 lbs., net, each, $120.00. 


(Manufacturer, The Imperial Brass Mfg. Co., 1200 W. 
Harrison St., Chicago, IIl.) 
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Fig. 53, Imperial portable truck, 


Oxygen Decarbonizing or Carbon Burning 
(Also Called Decarbonizing) 


All traces of carbon can easily be removed from the cylinders 
and the head of pistons of an automobile engine with the No, 6 
Imperial carbon burning outfit (Fig. 54) in less than thirty 
minutes, at the small cost of from 10 to 15 cents per cylinder. 


Fig. 54. Decarbonizing outfit. 


This is a wonderful improvement over the old, expensive, and 
slow process of removing carbon by scraping the cylinder. 


Oxygen can be purchased from service stations located in 
most prominent cities. The outfit consists of type G carbon 
Ginon torch, type D regulator, gauge, hose, connections, etc. 

15.00). 


Brazing and Soldering Outfit 


e 

An outfit ideal for radiator repair work and which can also 
be used to advantage for all kinds of soldering, brazing, and 
light preheating work in garages and repair shops, is_ the 
Imperial No. 30 brazing and soldering outfit shown in illus- 
tration (Fig. 55). 


Fig. 55. Brazing and soldering outfit; also used for radiator 


repairing. 


The torch burns acetylene and the tip draws in the necessary 
oxygen from the atmosphere, making it economical to use. 


The tank connection fits the small automobile acetylene 
lighting (Presto) tank, but the outfit can be used on large-size 
cylinders by means of an adapter fitting. The outfit consists 
of type AD torch, 3 tips (one with a long spout for radiator 
soldering), 6 ft. of hose and connections ($4.50), 
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Lead Burning Welding Precautions 


Lead burning of connectors on storage batteries, etc., with 1. alneye ae = the gas at the cylinder valves when the 
acetylene, oxygen, or illuminating gases, etc., including the On TS AS ACC ; ‘i 
equipment and torches used, is explained elsewhere; seelndex 2. Never leave pressure in the regulators when not in use. 
under ‘‘Lead burning.” The pressure gauges will indicate. 

s 3. Never clean out a blow-pipe tip with a sharp, hard tool. 

4. Before attaching rubber hose to a blow-pipe or regulator, 
make sure that the inside of the hose is free from dust or 
powder (used as a preservative), which is apt to choke the 
blow-pipe. 

5. Do not under any circumstances use oil or grease on oxygen 
cylinder valves or regulators. 

6. Always see that the hose is clamped securely to the blow- 
pipe and regulators before using. 

7. Always turn on the cylinder valves slowly. 

8. Never open the acetylene cylinder valve more than one 
full turn of the spindle. 

9. In case the flame goes out at the tip or burns back of the 
tip, shut off first the oxygen, then the acetylene, at the blow- 
pipe. 

10. Always have a bucket of water handy while welding or 
cutting, for cooling the blow-pipe tips when necessary. 
Fig. 56 Fig. 57 11. If the flame is not blue and the part being welded is smoked 
black, then the oxygen line is likely to be stopped up or 

the tank is empty. 

12. In disconnecting an empty acetylene cylinder from the 
welding outfit, remember to close the cylinder valve tightly. 
Remember that the acetone in an empty cylinder is inflam- 
mable, and that, should the temperature in the room 
increase, an open valve would permit vapor to escape, as 
well as any slight quantity of gas which might yet remain 
in the cylinder. For these same reasons, the railroads 


Fig. 56. A means of electrically lighting the welding torch 
is shown above. A box, holding several dry cells, and a spark 
coil are mounted at the rear of the welding truck, and are con- 
nected to a spark plug attached to the top of the frame. The 
plug is thrown into operation by a push button connected into 
the battery circuit. This system of lighting is adapted to 
short welding jobs. 


_ Fig. 57. A welding pilot light. When the gas in the weld- require that valves be closed before shipping. 
ing tank becomes too low for welding purposes, there is still 13. Remove “inflammable” red labels from acetylene cylinders 
sufficient gas for supplying a pilot light as in Fig. 57. The before shipping back, and ship as “‘empty returned gas 


light comprises a small gas tip arranged in a tin box as shown. eylinder,”’ in order to get the lowest freight rate. 
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TOP REPAIRING’ 


Any repair shop, by the investment of a small 
amount of money in equipment, and the exertion 
of reasonable care, can develop a profitable top 
repair department. It is as essential a part of the 
trade as is the machine shop or the vulcanizing shop. 


_ Only a small amount of equipment is necessary 
im a top repair shop, and this, with the exception 
of the sewing machines, may be made by the repair- 
man himself. 


Fig. 1. When the car cannot be left in the shop, this 
adjustable frame enables the mechanic to duplicate the method 
of holding used on the ear. 


The top building frame is shown in Fig. 1, and - 


it is used only when the car for which the top is 
being repaired cannot be left during the work. It 
is simply an adjustable framework upon which the 
top may be placed in exactly the position it occupies 
when up, andonthecar. For each car the frame is 
set to duplicate the measurements of the top-sup- 
porting irons and the car body. Then the work- 
man can repair or rebuild the top with assurance 
that it will fit when returned to the car. When 
possible, the top should be left on the car during 
the repair. . 


Fic. 2. Most tops are repaired right on the car, and a 
framework on three sides of the car renders all parts accessible. 


In order to render all parts of the top accessible, 
when left on the car, a framework shown in Fig. 2 
is set up around three sides of the car. This frame- 
work is about 18” high, and comprises three planks 
resting on four small wooden horses. 


1From Motor World, by 8. Thorton Williams. Note. The 
shop layout and special tools, together with the procedure, 
were obtained from the Barton Auto Top Co., Detroit, Mich. 
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Another method of accomplishing the same result, 
yet one which the author has never seen, would be 
to construct a pit below the floor level. This would 
permit the workman to work directly from the 
floor and save the time lost in stepping to and from 
the platform. 


Fig. 3. The rolls of top material are carried on rods hung 
in a notched upright, and the material is marked out and cut 
to form on the laying-out table. 


All work is laid out and cut on the laying-out 
table shown in Fig. 3. This table is about 6 ft. 
wide, 12 ft. long, and 28 in. high. A notched rack 
at one end supports the rolls of top material and 
enables the workman to obtain or replace the top 
material readily when desired. Rolls may be easily 
removed from the frame, or as many as three rolls 
of material may be carried at one time. 


The tools of the workman are few, comprising a 
light cross-peen hammer, with a tack puller fitted 
to the end of the handle; a heavy pair of shears, a 
small cold chisel, anda nailsetorpunch. These are 
carried in a special apron, made of top material, as 


shown in Fig. 4. In addition, a carpenter’s square, 
a 10-ft. straight edge, a yardstick, and a plumb bob 
are required. The plumb bob is used to plumb up 
the edges of the back curtain, when fitting, to make 
certain that they are hung straight. 


oPcninc "TO REMOVE 
CUT AWAY MATERIAL, 


Fig. 5. The other end of the hammer (at top of illustra- 
tion) is fitted with a tack puller, thus combining the two tools. 
Special dies are required to cut the openings for the fasteners. 
The most common type is shown in the lower part of the 
illustration. 


In addition, several special punches and dies 
will be necessary for cutting the openings for the 
curtain fasteners. One of these—styled the Mur- 
phy die—is shown in Fig. 5, and corresponding dies 
are used for each type of fastener. 


The sewing machine used in this work is of extra 
heavy construction, and is similar to those used by 
harness makers. These machines should be motor- 
driven, and may be purchased from almost any 


reliable sewing-machine manufacturer. See page 
755. 


So much for the equipment. Now for the method 
of doing the work. Briefly this consists of removing 
the top material, part by part, using the parts as 
patterns to cut the new parts by; fitting the parts 
to the top frame; removing the parts; sewing them 
together, and then placing them again on the frame. 
Careful work is essential, and after carefulness has 
become a habit, speed may be developed. Careful- 
ness, then speed, are the only two requirements 
for a successful top repairman. 


STEP 1. 


Fig. 6. The side pads are a single strip of cambric 9” wide 
and sewed as shown, : 


The following is a typical example of the method 
used in re-covering an automobile top. Though it 
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TACK~ 


SADE PAD COVERING 
A 


JOINT. PASTFED 
OR SEWED 


Fig. 7. In the upper half of the illustration is shown the 
method of building up the side pads. 


The lower half of the illustration shows the various steps in 
laying out and cutting a rear quarter. It is then taken to the 
machine and sewed. 


specifically applies to a Ford top, it may, in general, 
be applied to any car. 


1. Remove the top covering from the frame, part 
by part, using the hammer and cold chisel as tools. 
Note how each part is fastened, as the rebuilding 
must be exactly the reverse of the tearing down. 


2. Using each part asa pattern, one by one, mark 
out the new parts on the top material. Care must 
be taken to allow extra material at the edges for 
fastening the material to the frame. The method 
of constructing the rear quarter is shown in F end 
(lower half), and this method applies in general to 
each of the top parts. 


All metal fastener holes should be punched, using 
the holes in the old parts as guides, and all square 
corners should be checked up by means of the square. 
The parts are then sent to the machine, and the 
necessary sewing is done. The eelluloid windows 
are also placed in the rear curtain at this time. 


In the meantime, the top frame should be placed 
in good condition. If any bows are broken, new 
bows should be fitted. Ordinarily, new wrapping 
should be tacked around the bows, but if this wrap- 
ping is only faded, it may be dyed to conform to the 
inside of the top material. 


3. The side-pad covers should now be made, 
according to the pattern shown in Fig. 6. On the 
Ford, black cambric is used, but in every case the 
material should conform in color and quality to 
that used in the top material. 


4. Line up the top bows. The method of doing 
this is shown in Fig. 1. Heavy canvas straps are 
passed over each side of the bows, drawn tight, and 
tacked in place. The front bow should fit down 
over the windshield; the two middle bows should 
be vertical, and the position of the rear bow can be 
gauged by the length of the straps holding it down 
to the body back. 


5. The side-pad liners are next tacked in place, 
and the burlap strips are tacked tightly in place. 
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After this the curled hair, or cotton packing, is 
replaced, and the side-pad flaps are pasted into 
place. If desired, the edges of the pad may be 
sewed together. These operations are shown in 
detail in Fig. 7 (upper part). 


6. The rear quarters and back curtain are now 
fitted and tacked in place, after the metal fasteners 
have been applied, as shown in Fig. 5. All vertical 
edges are pus up with a plumb bob, as any 
ay out of the vertical here is particularly notice- 
able. 


7. The two side quarters are now temporarily 
tacked in place, beginning at the front and working 
to the back. These quarters should be drawn tight, 
without wrinkling. ‘The edges of the deck are then 
ee under, and the deck is temporarily tacked in 
place. 


8. By carefully fitting and changing, the top may 
be fitted to the bows in exactly the position it is to 
occupy. When everything appears to fit correctly, 
the side curtains should be placed in position, and 
if necessary, the tacks should be removed and the 
top pieces shifted until the side curtains fit. (In 
most cases new side curtains do not have to be made; 
but if so, the new curtains should be fitted at this 
point.) = 


TEMPORARY TACKS CHALK MA 
HOLDING TOP IN SHO whee 555° 
POSITION WHILE MATCH SIDES WITH 


BEING FITTED TOP DECK 


‘ \ yi, yy ! 


CHALK MARKS SHOW PROPER LOCATION OF TOP 


( eae HERE re =) 


ENLARGED VIEW SHOWING HOW TOP DECK 
PIECE 1S FOLDED AND SEWED TO SIDE PIECES 


Fig. 8. After all parts of the top are made, they are tem- 
porarily tacked to the bows and fitted. When a perfect fit is 
secured, the edges are marked, and the parts removed and 
sewed. They may then be replaced on the frame, and per- 
manently fastened in place. 


’ 9. When everything is right, the mating edges 
of the top pieces should be marked with chalk, and 
these marks should be crossmarked, as shown in 
Fig. 8. Then, by joining the corresponding marks 
together, the sewing-machine operator can sew the 
parts together correctly. Chalk marks should also 
be placed at the points where the edge of the top 
crosses the bows. This permits the top to be 
correctly replaced after a sewing. 


10. The parts of the top are then removed, and 
the flaps on the edges that are to be sewed are 
trimmed down to a width of about 2in. The parts 
are then sent to the machine and sewed together. 


11. To complete the work it is only necessary 
to replace the top covering and tack it securely in 
place. All extending edges are removed and the 
joints covered by a narrow strip of cloth material 
fastened by black upholstering tacks. 


The foregoing covers the method of completely 
replacing the top covering, with the exception of the 
side curtains. As stated, this is rarely necessary, 
as the side curtains are little used. If desired, any 
one part of the top may be replaced with new mate- 
rial, providing the other parts are in good condition. 
However, if either the deck or side-quarters must be 
replaced, it is necessary to tear the top completely 
down.in order to sew it together again. 


In cases where it is necessary to replace some 
parts of the top covering, it will usually be found 
advisable to renovate the interior and exterior of 
the rest of the covering to make it conform to the 
appearance of the new part. Or this renovating 
may be done at any time to improve the appearance 
of the top. 


After applying any patches that are necessary, 
replacing broken windows, and tacking on new 
binding at the edges where required, the top should 
be thoroughly brushed and cleaned. Gasoline 
should never be used for this purpose if rubber is 
used in the top material construction, as its action 
tends to destroy the rubber. Soap, warm water, 
and a brush are all that are usually required. 


When the top is thoroughly cleaned and dried, 
top dressing may be applied to the outer surfaces, 
and the faded inner surfaces may be dyed black. 
There are many brands of top dressing on the mar- 
ket for this purpose, and any well-known brand 
should prove entirely satisfactory. By exercising 
a little care, the appearance of a shabby top may 
be greatly improved by this simple cleaning, patch- 
ing up of loose ends, and application of top dressing. 


Top roof patching strips adapted for mending tops can be 
cut to fit any repair needed in roof, side or back curtains and 


Fig. 9 


are permanent and waterproof; they are convenient for all 
repair shops, and are made of different material to meet dif- 
ferent requirements. They can be secured of supply houses. 


An assortment of window and all styles of top roof patching 
materials, known as the ‘‘Stik-Tite’ brand, can also be se- 
cured of supply houses. 

Celluloid windows, bound with suitable material to match 


different curtains, can be attached in ten minutes by anyone, 
without removing and without stitching the back curtain. 


Fig. 10. Celluloid windows. 


They are made to fit almost all popular cars, and can be 
secured of supply houses. A well-known brand is the “Stik- 
Tite,” already mentioned. 


Where to Obtain Top Material 


Tools, such as eyelet punches and dies for sockets and eyelets, 
special hand screwdrivers, curtain fasteners, etc, are obtainable 
from Carr Fastener Co., Cambridge, Mass.; G. W. Murphy 
Co., Amesbury, Mass. 


Top material is sold by Cray Bros., Cleveland, Ohio; Thomas 
Auto Top Co., Muncie, Ind.; Cincinnati Auto Specialty Co., 
312 Main St., Cincinnati, Ohio; Du Pont Fabrikoid Co., 
Wilmington, Del.; F. S. Carr, Boston, Mass.; L. C. Chase Co., 
Boston and Chicago; Pantasote Co., 11 Broadway, New York, 
IN. 


Top and upholstering dressing and celluloid for curtain, 
lights, etc. is to be had of Cray Bros., Cleveland, Ohio; F.5. 
Carr, Boston, Mass.; Ero Mfg. Co., 753 W. Jackson Blvd., 
Chicago, Ill.; Boyer Chemical Co., 940 N. Clark St., Chicago, 
Ill.; Cincinnati Auto Specialty Co., 312 Main St., Cincinnati 
Ohio. 

Sewing machine: The Singer Sewing Machine Co., Singer 
Bldg., New York, manufactures a sewing machine especially 
designed for top and curtain work, seat covers, ete. It is 
known as ‘‘class 1688.” 


Rain shields, similar to that shown in Fig. 14, for placing 
over the windshield to prevent snow and rain accumulating, 
is another profitable accessory_to handle (manufactured by 
Jos. N. Smith Co., Detroit, Mich.; Gemco Mfg. Co., Mil- 
waukee, Wis.). 
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Seat covers are also profitable to handle (obtainable from 
Cray Bros., Cleveland, Ohio; Glover Eq. Co., Indianapolis, 
Ind.). 


Top and upholstering dyes and dressing are to be had_of 
Cray Bros., Cleveland, Ohio; Northwestern Chemical Co., 
Marietta, Ohio. 


Complete tops are also to be had of Cray Bros., Cleveland, 
hio. 


Glass curtain lights (Fig. 11) are very popular. They are 
tather expensive, however, but add considerably to the appear- 
ance of a car. The glass is beveled and comes with a frame 
ready to place in the curtain. Can be secured of supply houses 
or of Frankel Specialty Corpn., 356 W. 56th St., New York, 
N.Y.; Wm. R. Johnston Mfg. Co., 451 EH. Ohio St., Chicago, 
Iil.; Nurre Mirror Plate Co., Bloomington, Ind. 
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Fig, 12 
Fig. 11. Glass'‘curtain light. 
Fig. 12. ‘‘Lift-the-dot” curtain fasteners. 


The “Lift-the-dot fastener” is a very popular curtain fas- 
tener (Fig. 12). To unlock and remove, lift the dotted end of 
the socket which is placed nearest the edge of the curtain. It 
is natural to lift the edge of the curtain, so there should be no 
difficulty in remembering always to “‘lift-the-dot’”’ and avoid 
tearing the curtains. Manufactured by Carr Fastener Co., 
31 Ames St., Cambridge, Mass. 


Miscellaneous 


Fig, 13. It is often desired to paint or repair a top without 
leaving the car in the repair shop. A simple support that per- 
mits this is a rectangular wooden framework notched to hold 


the top irons. The top is placed on this framework. 
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Fig. 14. Rain vision windshields are common on closed 
ears, but unusual on open ones. It is a simple matter, how- 
ever, to add this feature. The upper section of a windshield 
is mounted on the front of the top, two specially made brackets 
being used to hold it in place. ‘It catches the rain and the 
regular windshield protects the driver from the wind. 
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Fig. 15 Fig. 16 

Fig. 15. One of the essentials of bad-weather driving is 
some provision for keeping the top glass of the windshield free 
from snow orrain. Chemical preparations are sometimes used 
to give the surface of the glass a greasy surface, so that the rain 
will run off rapidly, but this method is not effective against 
snow. 


Scraping off the surface of the glass is perhaps the most 
effective method yet devised. 


A simple cleaner may be made of a piece of rather heavy 
steel or brass wire, about a quarter of an inch in diameter, and 
a piece of rubber tubing. The wire is bent in the form of a 
double loop, and a piece of rubber tubing is slipped over each 
free end of the wire. If the wire is coated with rubber cement, 
before the rubber tubing is pulled on, there will be no chance for 
the tubing to come loose. 


The middle of the wire loop should rub on the inside of the 
glass at a point about opposite the middle of the rubber tubes, 
so that an even pressure will be exerted by the rubber tubes 
over ve whole length on the surface of the glass. (Ford- 
owner. 


Fig. 16. Removing a body. Showing how the body of a car 
can be lifted easily from or on to the chassis, and conveniently 
transported about the garage or shop. 


Fig. 17. Closed bodies may be removed without strain by 
the aid of the hoisting cradle illustrated. Two cross-pieces are 


end of the body,is pried up, and a lower cross-member slipped 

Then the other end is raised, and the other lower 
The steel stirrups are then used to 
attach the lower and upper cross-pieces, after which the body 
may be raised and the chassis rolled from under. 


Vulcanizing Small Holes in Tops 


: Dr. S.A. Peake’s method of vulcanizing small holes as large as 
44” in tops is as follows: First clean both sides of the surface 
with gasoline; then use “‘Mastic” or ‘“Tire-Doh”’ and work it 
to a point, and insert in the hole, so as to fill it completely. 
Cut off on each side. Then place a hot sad-iron underneath 
and on top. This will vuleanize the Mastic in the hole. 


Cleaning Tops, Upholstering, Ete. 
On this subject see Index under ‘‘Care of a car.’” 
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REPAIRING AND ADJUSTING A CAR: Overhauling a Car; Cleaning and 
Lubricating; Removing Carbon; Causes of Loss of Power; Compression 


Tests; Grinding Valves; 
Reseating Valves 


Testing for Engine Knocks; 


Refacing and 


WHAT CONSTITUTES A CAR OVERHAUL 


Automobile overhauling is essentially a process of 
general cleaning, inspection, tightening-up and re- 
adjusting, involving, perhaps, some minor replace- 
ments, all of which will be taken up in their respec- 
tive order. 

Engine! 


Test compression: Test for knocks; clean carbon; 
grind valves; adjust valve clearance; fit new rings 
if necessary}. re-bore cylinders if necessary; take 
up on bearings; check the valve timing; examine 
valve springs; examine gaskets. 


Ignition and wiring: Test the ignition timing; 
test battery and electrical apparatus; clean spark 
plugs and adjust gaps, also clean, oil, adjust and 
tighten the generator and starter, nuts, etc., and 
see that all ground connections are tight. 


Clean engine: Flush out old oil as explained on 
page 167. Refill oil pan with a good grade of oil. 


Miscellaneous engine parts: Examine water 
pump; see if water hose requires replacement; 
examine intake and exhaust manifolds and see that 
gaskets and joints are tight; tighten all cylinder 
and cylinder head bolts and nuts. 


Radiator 


The radiator should be disconnected and a stream 
of water forced through it for several hours. If 
scale exists, cleaning can be done with a solution of 
1 lb. ordinary washing soda and 5 gallons of water, 
allowing it to stand for an hour (see Index under 
“Cleaning radiator”). 


Carburetion 


The carburetor should be removed and thoroughly 
cleaned and tested for float leak. Examine the 
gasoline line and see that all joints are tight. 


Clutch and Transmissions 


The clutch is one part that should receive atten- 
tion, and here the repairman should resort to a 
large extent to the maker’s instruction book, if it is 
still at hand. The cone clutches are usually faced 
with leather or fabric. The leather can be cleaned 
with a dry cloth and can then be painted very lightly 
and evenly with neatsfeot oil. The fabric facing 
can be given a squirt-gunful of kerosene. Be free 
with oil on all the clutch connections, and take 
especial care that the clutch thrust bearing 1s 
properly fed. Oil all connections from the clutch 
pedal lever to the clutch proper. Do not take up 
on the clutch spring unless you are certain that 1t 1s 
needed. 


With wet-plate clutches the housing should be 
flushed with kerosene and the engine turned over a 


1 See Index under ‘‘Testing a car before overhauling.” 


number of times. At the same time that the engine 
is turned over someone should push the clutch 
pedal in and out. This works the kerosene around 
the plates and tends to remove any gummy de- 
posits. Then drain the housing, and repeat the 
operation. That finished, fill to the required level 
with oil. Usually 1 pint is used with 14 pint of 
kerosene. 


With a dry-plate clutch the only thing that may 
be needed is a cleaning with kerosene, to remove 
gum. However, use a squirt gun in this case. No 
matter what the type of clutch, be free with oil at 
all the various connections. 


_Look for small oil holes which are clogged with 
dirt. Oil the clutch cross-shaft, the clutch collar, 
and all the parts which move. 


Universal joint: Back of the clutch or transmis- 
sion there may be a universal. Clean it thoroughly 
with kerosene, whether it is exposed or housed. 
Allow this to dry, and then pack with graphite. If 
you have no graphite, get some, or use a good grade 
of grease. 


Next, proceed to the transmission. Drain the 
old lubricant, replace the drain plug, and remove the 
cover if there is one. Fill the case half-full of kero- 
sene, and with a clean cloth mop it. This is a 
dirty job, but it will be worth your while, because 
the gear-set usually is neglected throughout the 
year and is required to give efficient service with 
oil that is perhaps a year old. With the case clean, 
add a grade of oil as recommended by the manu- 
facturers, or see page 171. Do not put too much 
oil in the ‘case. There usually is a level-plug, but 
if there is none, allow the level to be about up to 
the shaft of the highest or upper gears. 


Running-Gear Parts 


Wheels: First in order come the wheels. The 
car has been jacked up, and the next step is to see 
that the wheels run true on their bearings. There 
are many ways of doing this. A good way is to 
sight with one eye closed, while the wheel is revolv- 
ing. Any irregularity in wheel movement is easily 
detected. However, sometimes the rim is bent a 
little and one will imagine the wheel is running 
untrue. Grip the wheel firmly with both hands and 
test for side play and up-and-down play by pushing 
and pulling on the wheel in all directions. A loose 
bearing usually causes this trouble, and in many 
eases the looseness can be overcome by tightening 
the nut slightly. Sometimes new bearings are 
needed, because they are worn excessively. This 
subject is more fully treated farther on, under dis- 
cussion of the cause of “wobbly wheels,” etc. 


Align the wheels, as explained farther on. 


The steering assembly, brakes, and other parts 
require the same sort of attention and will be taken 
up in their separate order farther on. 
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The rear axle should be cleaned and lubricated, 
and the drive pinion tested as to its relation with 
the drive gear on the differential. If noisy, it is 
probably loose and requires adjustment, as will be 
explained under “Adjustment of rear-axle gears.’ 


Inspection after Repairing 
See that the following are in proper condition: 
. Cylinder head tight. 
. All spark plugs firing, and tight. 
. Fan belt tight. 
. Fan bracket bolt and cotter pins tight. 
. Adjust carburetor properly. 
Water connections tight and no leaks. 
. Hood fits properly. 
. Head lamps burn, properly focused; connections tight. 
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9. Front wheels adjusted, lubricated, and lined up. 
10. Fenders and running board bolts and nuts tight. 
11. Doors work properly. 

12, Brakes adjusted. 

13. Transmission bands adjusted (on Ford ear). 
14. Floor boards fit properly. 

15. Grease in rear axle. 

16. Grease in all cups. 

17. Oil in engine. 

18, Water in radiator. 

19. Tires properly inflated. 

20. Examine tool kit. 

21. Curtains fit. 

22. Horn in working condition. 

23. Starting motor and generator is in working condition, 
24. Battery fully charged. 


A SUGGESTED METHOD OF OPERATING A REPAIR SHOP; ALSO A GUIDE FOR OVER- 
HAULING A CAR 


The following lay-out is one recommended by 
Mr. K. R. Wilson, Buffalo, N.Y. Note the flat. 
rate system of charging for the work, as shown in 
column A, and the flat rate to pay the mechanic, as 
listed in column B. This method of “selling ser- 
vice,” as it is termed, is meeting with success. The 
list below refers to the Ford, but can be worked out 
for other popular cars. 


The idea involves dividing the shop into divisions 
for doing a certain class of work; to charge for the 
work done, as enumerated, and to pay the mechanics 
accordingly. Note that each job of work is num- 
bered. 


The following data give information covering the 
overhauling of the entire Ford car, so far as labor 
cost is concerned, and the average schedule of prices 
charged for doing the work as shown under column 
A. ‘This is worked out on the piece-work basis, as 
shown in column B. Therefore, as you will note, 
the repair shops get practically 60 cents out of every 
dollar taken in, and the mechanic gets approximately 
40 cents. 


Engine Division 


A B 
1A. Removemotorfromcar............. $3.00 $1.10 
1B. Overhaul motor and transmission out 

DECRIED aitelivt efatelatats Ghvole. tt Gee petic st Oe 20.00 8.00 
1C. Replace motorincar............._ 7.00 3.00 
2 Overhaul motor only—out of car... 15.00 6.00 
3. Overhaul transmission only, or repair, 
replace magneto out of car......,.. 5.00 2.00 
4 Braze crank-case arms; support or 
repair leak in case by taking out the 
INOLOUR A sac ec ee ee 12.00 5.00 
5. Install or refit one piston or one con- 
MeGhineTod EeM Ne aeEe TLE mae 8.00 1.20 
6. Install or refit two or more pistons or 
CONnMeCUM oe MOGs mE ee) ene lane 5.00 2.00 
8. Tighten two or more connecting-rod 
Dearingsyeit. Aes 5 gk teh a Deca 4.00 1.50 
9. Replace transmission bands without 
BURT LCT Arkon Be ee ae 2.50 1.00 
9A. Replace transmission bands on cars 
equipped with starter............. 3.50 1.40 
15 rind valves and clean carbon... ||. 3.00 1.10 
20. eplace cylinder-head gasket........ 1.00 40 
21 Replace radiator or all three hose con- 
Mechoushe Meat niet: cmon ae OMe 75 30 
22. Replace one hose connection only..... 40 15 
23 Replace crank-shaft starting pin, or 
Ulley Veni chs See AM RAL 1.50 .50 
24, ‘Tighten motor to frame....1 1) ||| m5 45 
25. Clean crank case or install gasket under 
lowercovers epi tenat ane 50 15 
26. 
(9) 25 
27. 75 25 
28. 1.50 50 
32, 60 .20 
33. Replace or rebush fan-pulley assembly . .60 .20 
34. Adjust clutch fingers and transmission 
Ibandsteuceener suateaaalernw ote eletetcls .60 20 


35. Adjust transmission bands only eee $ .40 
40. Tune and adjust motor, regular, only. 1.25 
41. Tune and adjust motor, special, only 75) 
42. Tune and adjust motor, regular, with 
opersigon):Noy 5) ee nnn ane 1.00 
Parts Brought in or Shipped in for Repairs 
57B. Overhaul transmission, only........., 4.00 
58B. Rebore cylinder only............. 7. 2.75 
59B. Rebore cylinder only, including fitting 
Of PISTONS SASERANE ; Li eee mag 3.00 
60B. Rebore and re-babbitt cylinder, includ- 
ing fitting pistons................. 5.00 
61B. Re-babbitt cylinder only... 1). ) |’ 2.75 
62B. Re-babbitt cylinder, fit crank shaft, and 
TUTE TT is eas Meee RN, SE RU 6.00 
63B. Rebore and re-babbitt cylinder fitting 
of pistons, crank shaft, connecting 
rods, and runningin.......,......_ 8.00 
64B. Rebore and re-babbitt cylinder, fit 
pistons, valves, push-rods, cam shaft, 
crank shaft, connecting rods, and run 
AD. cicjornve st cate eee eee 11.00 
66B. Rebore and fit pistons, valves, and push 
rods, and straighten and fit cam shaft 4.00 
68. Rebush three transmission drums... _. 1.50 
69B. Rebush transmission drums,each..... .60 
70B. ebush and re-rivet three triple gear 
assem Dlicsiia net ee enema 75 
77B, Straighten cam shaft and fit bearings 1.25 
Rear System Division 
Model “‘T” Chassis 
96. Overhaul rear axle and re-bush springs 
and perches when necessary... .._. 7.00 
96A. Overhaul rear axle when car ee shock 
absorbers, truss rods, or special hub 
rales (co 1 xe ee ann aE 8.00 
98. Repair or replace one rear radiusrod... 1,50 
99. eplace rear spring; tie bolt or new leaf, 
including polishing and graphiting or 
leaves and lining upofbody........ 3.00 
102, ad rear spring to line up body or 
replace rear spring tie bolt only ee 2.00 
107A. Install felt and steel washers—both 
Sides: aja) eee ek Pete tas 1.25 
108. Install brake shoes and equalize emer- 
gency brakes—one shoe........... 75 
108A. Install brake shoes and equalize emer- 
gency brake—both shoes......._.. 1.00 
116. Adjust pull rods or replaceone........ wo 
Model “TT” Chassis 
96T. Overhaul rear axle and re-bush springs 
and perches where necessary......, 15.00 
97T, Repair or replace drive-shaft tube... __ 7.00 
98T. epair or replace one rear radius rod. hoe CHiN) 
99T. Replace rear spring (one).......,,... 3.00 
99TA. Replace rear Spring (both) eee 5.00 
100T. emove front and rear springs, polish 
and graphite only........../...... 7.00 
101T. Replace spring perches—one.... _. 1.50 
101TA. Replace spring perches—both 2.50 
104T. Install universal joint........ 17°11"! 5.50 
106T. Tighten rear radius TOGA tse. 1.75 
107T. Install felt and steel washers (one side). 1.25 
107TA, Install felt and steel washers (both , 
MEM Son voc posnopecde adeno cans. 2.25 
108T. Install brake shoes and equalize emer- 
gency brakes—one,.............. 1.25 
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A B 
Install brake shoes and equalize emer- 
gency ibrakes——botheraesertos ener t $2.25 $ .90 
Tighten universal ball-cap bolts...... AY 65) 30 
Install or tighten rear-spring clips. .... 1.50 .60 
Tighten rear hub lock nut—one side... .50 .20 
. Tighten rear hublock nut—both sides . 1.00 40 
Fit new hub keys—one Sideitar seiowne 1.00 40 
. Fit new hub keys—both sides........ 175 .70 
Replace pull-rod supports—one...... .50 .20 
. Replace pull-rod supports—both...... 75 30 
Replace or re-bush hub-brake cam— 

Eachysider.c deme ammclsciete mat ane sv 2.50 1,00 
Replace rear axle assembly ........... 5.00 2.00 
Straighten radius rodincar......... 1.50 60 
Install outer roller bearing—each..... 2.00 80 

Front System Division 
Overhaul front axle, including re-bush- 

ing of springs and perches when 

necessary, straightening and lining 

up and readjusting of wheels....... 5.00 2.00 
Overhaul front axle when car has shock 

absorbers, special front radius rod, 

CASH Gig eee alee er peek oieaeie 6.00 2.40 
Rebush spindle bodies and arms—each 

BiCle irda Penne ee ieee oe siely Su ties 5 1.50 .60 
Replace or straighten front axle (no 

other repair)... 6.5. nee eee ene 2.50 1.00 
Rebush spindle arm—each........-. 3) .30 
Replace front spring tie bolt or new 

leaf, including polishing and graphit- 

ing of leaves... ..-.e0 ese eee eee 2.50 1.00 
Replace front spring or tie bolt only.. 1.50 .60 
Replace radius rod........---+++0+: 5 .30 
Replace spindle arm or body, and line 

up assembly... ....<« adsenooa sons A A5) .30 
Tighten all sockets and joints of front 

Beles oo oinlo es hoa Con mare nae Caso 1.25 .50 
Replace or straighten spindle or steer- 

ing-gear connecting rod.......-.+- 60 20 

Chassis Division 

Front End and Frame 
Replace front cross-member.......-- 6.50 2.50 
Straighten front cross-member without 

removing from car.......-.-++++% 2.50 1.00 
Replace side member of frame....... 20.00 8.00 
Repair hand-brake lever assembly, 

including replacing of pawl........- 1.00 40 
Replace hand-brake lever quadrant 

without removing running-board 

AMOGWASE andosnebosigocricgsearcd uc 1.25 50 

Fenders and Running Boards 
Replace one fender or running board... 1.00 40 
Replace one fender or running board 

and straighten iron or bracket.... . 1.25 .50 
Remove fender or running board and 

straighten’. «oc... - sn pee eee 1.00 40 
Replace running board shield—one... 1.25 50 
Replace rear fender iron......-+-+-- 75 30 
Replace truss rod—one MO eretalely rere els 40 15 

Dash 
Replace dash. ......---sseerecep ee? 4.50 1.80 
Replace coil box, install new switch, or 
repair the box.....-..-++e++++++5 .60 20 
Steering Gear 
Overhaul steering gear, including re- 

placing of quadrant or gear case, and 

re-bushing of bracket........---:> . 3.50 1.40 
Overhaul steering gear when motor 1 

ULE ere ekals ice Fate cor eneouomy aye aaiter 2.5) 1.00 
Re-bush steering-gear bracket only sa. 2-00 80 

Muffler 
Change long exhaust pipe. ....-+-++>> 75 30 
Replace muffler..........-+-+++++++ .60 .25 
Repair muffler. ......-.+s2s0+2e+00" 1.00 40 
Repack exhaust pipe pack nut.......- 40 Ans) 
Gas Tank and Line 
Clean sediment bulb and gasoline feed 
line, and clean carburetor......- oy athe .30 
Radiator 
Repair radiator, solder one or two 

tubes, and replace one or both sides 3.00 90 
Solder casting to lower or top tank 

when necessary to remove radiator 1.50 .50 
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367. 
368. 


369. 
370. 


412, 
413. 
415. 
418. 


419. 
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Wheels A B 

Change hub, rear or front............ $1. 
Replace wheel and tire—each ........ bia } 30 
Adjust and dope front wheels ......... .60 125 
Remove front wheels and replace bear- 

_ ing parts—one wheels. isercsetcttene YA) .80 
Line up front WIEEIS! Matserancrsicta tenets 40 ls) 
Oil and dope car (including material).. .75 125. 


Body Division 


Install new lock—Touring or Runabout 


eer onion rin CaO OT AOA On OC ONO SOT OIE 1.00 AO 
Replace Town Car or Sedan door lock 1.50 60 
Install new leather on door panel—one _—.60 25 
Re-upholster Touring body—using ne 

AME Leri alsa mieterecn enki raiserehate sq AKOKOO) 4,00 


Re-upholster Runabout body—using 


Me WrMaverial sme) erieueisielste .00 2.40 
Change closed body ..........+.+-++ 10.00 4.00 
Change Touring or Runabout body... 6.00 2.40 


For removing dents and other general repairs to 
bodies make contract price, according to amount of 
work necessary, using operation No. 2000. 


Paint Division 
Make contract price according to quality of job 
desired and condition of car when broughieein 
Consult paint foreman. Use operation No. “'P.” 
Top and Windshield Division 


Overhaul Touring car on Torpedo Top, 
including re-covering, lining up, and 


TAHA OH OUMENTE A Cnaccuqpbagdos 7.50 3.00 
Replace top deck or side quarters— : 
Eachior DOvbiee smiles erste letely ein ial 3.00 1.20 
Tastalljand ft tOper bx’ tre Saou aliens 2.00 .80 
Replace back curtain...............- 1.50 .60 
Install celluloid lights in side curtains, 
per light... 1... ese eer er eres -60 25 
Replace windshield and line up wind- 
shield frameset ee eaten wien amir. 1.00 40 
Replace upper windshield glass........ 1.00 40 
Replace lower windshield glass.....-.. 1.00 40 
Special 
Trouble calls (from any point within 
Gity Linniits)/aeye sells Paret> alse sy beilssiens 1.50 .60 
Tow-in (from any point within city 
bhenth)) 9 pean aon aenodeoncosmnonaE ¢ 3.00 1.20 


Inspect and prepare new cars for 
delivery, including stamping identi- 
fication number, pasting sticker, on 
windshield, and installing or adjust- 
ing any minor parts when necessary, 


ADOUb ene nent Giemis tens vine rome 1.50 60 
Wash and polish Touring Car or Run- 

about—wire wheels...........-+.-- 2.00 80 
Wash and polish Coupé or Sedan..... 2.00 .80 
Wash and polish Coupé or Sedan— 

wire wheels ....0s.-+rcessssen cures 2.50 1.00 
Clean car for placing on showfloor,each 1.00 40 
Teach car purchaser to drive, eac 

Tessolciecticct Cnteieittes Gi oereinc “emus 2.00 .80 

Commercial Bodies 

Install slip-on body....-.--.+-+++++ 2.00 80 
Install any new commercial body..... CONTRACT 


Electrical Accessories 


Install Ford alarm.......+.++++y-00> 50 .20 
Remove battery from car for recharg- 
ing and install rental battery, includ- 


ing recharging of battery......---. AAS) .20 
Remove rental battery from car and 

install customer’s recharged battery. .25 10 
Install electric horn......-- Bia teranlan gee 50 .20 
Install electric tail light on dry cells 

and magnetO......-s.eseeeer eres 2.00 .80 
Install electric dash light........---- 1.00 40 
Install electric dome light........-+--- 2.00 80 
Install electric spot light....-.--++++: 1.00 40 
Install headlight lens....... ionieadTor .40 15 
Install standard Ford electric starter, 

complete. -.-.++--- OS oO 7.50 3.00 

Wheels and Tires 

Change tires, each...-+-++++++see0-s .30 15 
Install side-tire CAPELLA c 1 teteret Mee ae Wy e5) 30 


760 
A B 
704 Install rear-tire carrier............... $1.50 $ .60 
705 Install rear holder for wire wheels . 1.50 60 
706 Install 30’ x 3144” Ford wheels or de- 
mountablesin front only ....,..... 3.00 1.10 
707 Install complete set of demountable 
TEMAS WLGCla: nea rte eee eee ak pend 0) 1.60 
708 Install complete set of wire wheels, not 
including holder. af 00 2.00 
Miscellaneous Accessories 
751 Installithiorditan\ belts)... 0e.0 25 10 
752 Install leather starter belt........... 75 30 
753 imstallitool box. ee ee 50 20 
754 Install front and rear license plates 
when brackets are in place........ 25 10 
755 Install front license brackets and license 
DIALS EE ORE eet ee 40 15 
756 Install bumper (front)............., 1.00 40 
757 fnstall rear bumper! .............,. 1.50 60 
758 Install set of three pedal pads......... 25 10 
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CLEANING ENGINE 


We will now take up the usual and common work 
required on all engines. We will first start with 
cleaning and lubricating the engine and greasing a 
car. About every nine cars out of ten require 
cleaning and greasing. 


Clean old oil from the engine as explained in the 
illustrations, Figs. 1, 2, and 3. 


“ =i aA 
i = * OIL DRAY 
PLUG N 


Fig. 1 


Fig. 1. Remove the drain plug at bottom of oil pan and 
drain out the oil. 


Fig. 2. Remove the oil pan and clean it thoroughly with 
gasoline; also clean the oil strainer. 


Fig. 3. 
the engine. 


Replace the oil pan, and pour fresh cylinder oil into 


It will be found that, when oil stops dripping, if 
the starting crank is turned a few times by hand a 
little more oil will flow. The best time to drain oil 
is after the engine has been run and heated and the 
oil is thinned. 


When the oil has ceased to come from the crank 
case and the oil pan has been removed, cleaned, and 
replaced, the drain plug is replaced. It is not 
screwed tightly home, as it is soon to be removed 
again. Now pour some light lubricating oil into 
the breather pipe (Fig. 3) and run the engine again 
for about 15 seconds; then drain this out. Tt is 
better to flush out the parts with light cylinder 
oil in this manner, than to use kerosene, for reasons 
stated on page 167. Replace the drain plug and 
draw it tight, as well as the cap screws holding 
the oil pan to the crank case; also see that the gas- 
ket is replaced properly and does not leak. Refill 
with good cylinder oil: A gauge alongside of the 
engine 1s usually provided to show how much oil 
to place in the engine. 


Note. If the engine is not in running condition, after 
replacing the oil pan as directed above, open the compression 
cocks on the evylinder and spin it rapidly by hand. The longer 
this is done the better, but it is an arduous task and jf kept 
up for a minute or so it will be all that is necessary, 


If the drain cock does not permit the oil to flow freely, when 
draining, run a wire through it to open it up. 


The outside of the engine can be cleaned with 
gasoline. A brush dipped in gasoline to reach inac- 
cessible places, and also an oil gun to shoot gasoline 


'B 
761. Install cut-out: See eee $1.50 $ .60 
762, Install exhaust deflector......... un 20 10 
763. Install set of C. & M. oil retainers 
(model. “T2)) ih eee eee 5 hdl Ou AEE OO 
764. Install set of C. & M. oil retainers 
(modelh I'D!) 79. Sea ee eee 1.50 60 
766. Install Buffalo oil gauge............ 1.00 46 
767. Install foot accelerator.............. Ao .30 
768. Install steering-gear lock............ 1.00 40 
769, Install Yale lock on one door, catch on 
other door, Sedan or Coupé......, 2.00 80 
770. Install Yale lock on both doors, Sedan 
oF Coupe x. Jonnie eee eee eee 2.50 1.00 
Tal. Tnstallmizcore Sana ee 25 10 
772. Install rubber step mats (two)....... .50 20 
Ee Install/odometer s,s 9.6. Jaen oe -50 .20 
778. Install carburetor control........... JD .30 
tide Install speedometer................ 2.50 1.00 
1500. Charge for work according to actual 
time spent on job. 
2000. Special contract-price jobs. 
In inaccessible places, will suffice. The lighting of a 


match or any kind of flame, however, while cleaning 
should be prohibited. 


A modern method for cleaning the engine is by 
means of a sprayer. In large shops compressed air 
1s used quite extensively for all kinds of cleaning. 


Home-Made Engine Cleaner 


A gasoline or kerosene spray, acting under air 
pressure, will quickly remove dirt and grease from 
the engine or chassis. A device for forming this 
spray is shown in Fig. 4. It comprises a metal tank, 


XCROSENE 


Sy 
robeX 


5a SPRAY 


AIR LINE: 


Fig. 5. Another engine cleaner, The arts ma, i 
cleaned by a gasoline Spray or aspirator. eee wy 
air-pressure line, This Spray comprises a short length of 
popper tubing, about yn in diameter, having a piece of 1/16” 

rass tubing soldered to its side. The air line is connected 
to the larger tube, and the smaller tube is connected to the.gaso- 
ue | When the air is turned on, a suction is created in 
ene smaller tube, drawing gasoline from the can, and forcing 

(Motor World.) “ool 
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holding the cleaning solution, and an aspirator for 
forming the spray. This aspirator is a copper pipe, 
passing through the center of the tank, one end 
being connected to the air line and the other being 
drawn down into a nozzle. A small copper tube 
connects this pipe, so that the solution is drawn 
from the tank and forced into a spray by the passing 
air. A foot pump can be used to inject air if pres- 
sure is not available. 


Cleaning Engine Exhaust System 


This cleaning should include the exhaust mani- 
fold, pipe, and muffler. The latter should be taken 
apart and the parts soaked in kerosene over night. 
The pipe and manifold may be cleaned by drawing 
through a pack of kerosene-soaked waste attached 
to a long wire. 


Keeping Oil off the Radiator Hose 


To prevent oil from rotting the inlet hose from 
the radiator to the engine, givé the hose a coat of 
shellac and then a couple of layers of tape and 
shellac over that. This will assist in preventing 
leaks. The shellac keeps the oil away from the 
rubber and makes a good joint. 


Cleaning Parts of a Car 


_While on the subject of ‘cleaning an engine, we 
give below a few home-made devices which can 
easily be constructed for cleaning other parts of the 
car. 

In large shops vats are provided in which engines 
are dipped into a potash cleaning solution, by means 
of a chain hoist. 

TAN LINED 
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GRATING 

Fig. 7 


Fig. 6. A washing table for parts. This is large enough to 
permit any part of the car to be cleaned. But, more important, 
it may be moved to the job. A wooden basin, or sink, 5 ft. 
long, 2 ft. wide, and 6 in. deep is mounted on legs, and lined 
with tin. A drain plug is placed in the center, permitting the 
dirty cleaning solution to be drawn off into a pail hanging 
beneath the stand. Gasoline may be used for cleaning parts, 
but kerosene is cheaper and safer. 


Fig. 7. Kerosene tub: A large tube of kerosene will be 
found convenient for washing parts. The tub should have a 
metal grating 4” or 5” from the bottom, so that whatever sedi- 
ment settles is not stirred up each time a part is washed. The 
presence of the grating insures clean liquid for a considerable 
length of time, for just as soon as a part is washed the grit 
and dirt settles below the grating, leaving the liquid clean. 


TANK 
CONTAINING 
KEROSENE 
OR GASOLINE 


Fig. 8 


Fig. 9 


Fig. 8. Combination cleaning tub and drainboard for 
removing the dirt from parts. It is usual to make the tub 
and drainboard separate, but by installing a screen in the tank 
whose height may be readily raised or lowered, all the advan- 
tages of a drainboard are obtained, together with considerable 
economy of space and some added conveniences. 


Fig. 9. Gasoline or kerosene, forced by air pressure on to 
the parts to be cleaned, quickly removes all dirt and grease. 
A system for doing this is illustrated. The cleaning liquid is 
held in a metal tank placed beneath the inclined cleaning 
troughs in the manner shown. An injector type nozzle, con- 
nected to the air line and to the liquid, permits the liquid to 
be drawn from the tank and forced on to the part to be cleaned 
after which it drains back to the tank, to be used over and 
over again. During periods when the cleaning outfit is not in 
use the dirt settles to the bottom and may be scraped out. 
(Motor Age.) 


For cleaning small brass aluminum, and metal 
parts, see Index. 


GREASING A CAR? 


One of the first things to do when starting to 
grease a car is to screw down on the grease cups, 
which forces out all grease therein. The cap 18 
then unscrewed, the grease cup refilled, and the cap 
placed back—but do not cross-thread the caps or 
they will work loose and be lost. 


The modern method of greasing a car is with the 
pressure system, such as the Alemite (page 174). If 
the car is not equipped with this system, a good 
grease gun should be provided. A type of grease 
gun which can be recommended is shown on page 
663 (Fig. 9). 

The Townsend grease gun is an excellent device 
for greasing such places as the shaft of a cone-type 
clutch (through a plug hole), the universal joimt 
and other places on a car where a grease cup 18 not 
provided, but where grease plug holes are provided. 
You can grease the universal and the other such 
parts of the car in a few minutes’ time, without 
removing the nuts or bolts. 


1 See Index for ‘‘Greasing rack.” 


Lubrication of Springs 


A detail which, if attended to, conduces much to 
the easy running of a car, is the oiling of those parts 
of the springs upon which the leaves move. It is 
becoming the practice to make provision for proper 
lubrication at this point. This is easily done by 
drilling a hole through each leaf; otherwise it 1s not 
easy, when the weight of the car 1s on them, to 
introduce any oil into the interstices. Very. fre- 
quently, however, rust is seen along the joints, show- 


Fig. 12 


Fig. 11 
Fig. 10. Lubricating the surface of the separated spring 
blades. 


Fig. 11. The same tool used as a temporary cramp to 
secure a broken spring. 


Fig. 10 
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ing that water can get in, at any rate, and oil will 
work its way in, too, if applied at the edges, but it 
will probably be found that this can be more easily 
done if the blades are separated by means of the spe- 
cial appliance illustrated herewith (Figs. 10, 11, 12). 


Rust in the springs affects their proper movement, 
and causes mysterious squeaks as well. The joints 
of the links connecting the upper and lower portions 
of the springs at each end should also have a little 
oil applied occasionally. 


If a car is overloaded much beyond its normai 
capacity, extra work will be thrown on the springs 
which may give rise to breakage when the car is 
being driven over bad roads. An extra leaf added 
to the springs is advisable for overloads. Consider- 
able advantage to the life of the springs is obtained 
by having shock absorbers. See Index under 
“Spring repairs.” 


Other parts of a car to lubricate and grease are 
shown on pages 172 to 174. 


Spring Covers! 


Fig. 13. A spring cover and lubricator which laces over 
the spring, preventing any danger of moisture or dirt getting 
between the leaves. The cover is lined with a felt wicking 
which is saturated with oil before the cover is put on, and will 
hold enough oil to lubricate the springs for 10,000 miles. The 
smooth gliding effect is obtained which is so noticeable in a new 
car with perfectly Roeied springs. (Woodworth Specialties 


os 


Co., Binghampton, N.Y. 


Tightening Springs 


When lubricating the springs, it is a timely 
opportunity for observing defects of loose nuts or 
broken leaves in the springs. 


The nuts belonging to the clips which hold the 
spring on to the axle often display a tendency to 
work loose, and if this is not remedied the axle will 
be thrown out of line, with more or less serious con- 
sequences to tires and driving gear generally; or, 
if the front axle is in question, the steering may be 
affected, thus causing “wobbly wheels.”’ 


REAR AXLE 
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FRONT SPRING 
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REAR SPRING 
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Fig, 14 


Fig. 15 


The springs, like the engine bearings, have to 
take a sort of set before they are permanently tight. 


1See Index under “Temporary spring repairs." 
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Hence it is desirable to tighten up the spring clips at 
the end of the first one hundred miles of running 
and then to inspect them occasionally until they 
remain tight. 


A Spring Lubricant 


A spring lubricant, known as “Spring-eez”’ is 
recommended. It is applied to the sides of the 
springs with a brush and chemically accomplishes 
that which by mechanical or other means, is either 
an arduous or impossible task, in that it penetrates 
between the leaves without the necessity of spread- 
ing; it disintegrates and eliminates rust; it de- 
posits a lubricant, and causes the springs to per- 
form their function properly, without squeaking 
aboutit. In the same manner its application makes 
the removal of ‘“rust-frozen” nuts, bolts, screws, 
spark plugs, valve caps, etc., a simple matter. 


Spring Shackles 


Many of the makers now are putting on adjust- 
able spring shackles, so that wear can easily be 
taken up. This is especially desirable in cars using 
a Hotchkiss drive, where a great deal of stress and 
wear is put on the shackles of the rear spring at its 
rear end and on the spring bolt attaching the front 
of the rear spring to the bracket on the frame. 


With the Hotchkiss drive the rear spring supports 
have to take not only much of the weight of the car, 
but also the driving and braking strains. Hence, 
the better the design of the shackles and bolts at 
this point, the longer the life of the parts. 
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HACKLE FACES 
HARDENED AND 
R- GROUND 
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ONE SHACKLE 1$ TAPPED OUT 


SPRING BOLTS SCREWED INTO IT 
AND LOCKED BY THE NUTS 


THIS PREVENTS SHACKLE, 
MOVING SIDEWISE AS 
SHOWN 
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Fig. 16 
Fig. 18 1a Tale 

Fig. 16. The automatic shackle bolts on the Jordan, Noe 
the coil springs. 

Fig. 17. The adjustable shackle bolts used on the Hudsiin 
and Essex, 

Fig. 18. Method of takin up side play j i i 
ieee g up Play in spring lincs 


Among the cars usin adjustable spring shackles 
are Jordan, Hudson, ole, and Locomobile; the 
latter, by the way, has used this for some time 
The Jordan shackle is shown in Fig. 16. 


This shackle is of the type which automaticall 
takes up the wear. The Hudson and Essex sbaride 
(Fig. 17) 1s made so that wear can be taken up by a 
slight turning of the nut and locking it with a cotter 
pin. . 
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REMOVING CARBON FROM CYLINDER, COMBUSTION CHAMBER AND PISTONS 


Before taking up this subject, refer to pages 169, 
170, and read the explanation of the cause of carbon 
and the relation of carbon to lubricating oils. 


This is a job usually attended to before valves are 
re-ground. The frequency with which the job 
should be done depends upon the service, and 
quality and quantity of lubricating oil used. 
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Fig. 19. Carbon usually accumulates at the points shown. 


Methods of Removing Carbon 


There are five methods employed in removing 
carbon. The most effective is that one which 
removes the carbon most completely—probably 
by hand. But to remove a piston is sometimes an 
expensive job, and other means are resorted to, as 
will be mentioned. 


1. One plan is to remove the piston as shown in Fig. 
20. 


2. To remove cylinder head as shown in Fig. 21. 


3. To scrape with special scrapers, as shown in Fig. 
22. 


4. To chemically dissolve the carbon. 
5. To clean by the oxygen decarbonizing process. 


This last-mentioned method is the one most 
generally used, and is conceded to be one of the best. 

Note. In using oxygen for carbon removal, the piston 
should be placed at the extreme top of the cylinder, as the 
intense heat tends to roughen the cylinder walls. Both inlet 
and exhaust valves should be closed to prevent pitting of valve 
seats. The flames should not be directed so as to strike the 
threads of the spark-plug hole. See that the water system is 
kept full of water. The torch should be moved constantly, to 
cover as large an area as possible. 


Questions Sometimes Asked Relative to 
Oxygen Decarbonizing Outfits 


Q. Where can oxy-decarbonizing outfits be secured? 


A. The Prest-O-Lite Co., Indianapolis, Ind., makes a good 
serviceable outfit, as does also the Imperial Brass Co., Chicago. 


Q. Can the Prest-O-Lite tank be used for this purpose? 
A. The oxygen tank of this company’s welding outfit can 
be used, but lighting gas cannot. 


Scraping Method 


To scrape carbon fron a piston in the manner 
shown in Fig. 20, it is necessary to remove the 
piston from the cylinder. 


Fig. 21 


Another method (Fig. 21) is to remove the 
cylinder head, if it is a detachable type, as on the 
Ford. Access can then be had to the tops of the 
pistons and to the walls of the combustion chamber 
in the head. 


Special Scraping Tools 


Scraping tools of special design (Fig. 22) are 
necessary for scraping the inside of a cylinder, a 
combustion chamber, and the head of a piston when 
the cylinder head is not detachable and where the 
pistons are not removed. The work can be done 
through the valve cap or plug holes. 


grnwwemnetie ye 


Vig. 22 


Tool No. 1 is for scraping the piston head; No. 2, 
for the cylinder head, as shown by dotted lines, and 
No. 3 is for the cavities over and around the valves 
and such other surfaces as have considerable curva- 
ture. 


Scraper No. 1 should be used first, and worked 
back and forth with considerable pressure across 
the piston head until the scratching sensation dis- 
appears and the tool seems to glide over the surface. 
Sistas be taken not to gouge grooves in the 
metal. 


- oa 
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Fig. 23 


After scraping, blow out the free carbon, using a 
hand bellows as shown in Fig. 23, if compressed air 
is not available. Continue scraping until the blast 
of air does not blow out any more carbon dust. Be 
sure to scrape the entire surface, for if jagged 
patches are left, they will become incandescent 
from the heat of explosion and cause pre-ignition. 


It is important that none of the carbon gets into 
the cylinders, valves, or other parts of the engine. 
Therefore be sure that the valve is well seated in 
the cylinder you are cleaning, and be careful to 
blow out all carbon deposit thoroughly with an air 
blast. 
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After as much carbon as possible has been taken 
from the cylinders, a half-tumblerful of kerosene 
poured into each cylinder with the air blast applied, 
will often give good results. Another half-tumblerful 
of kerosene should be poured into the cylinders, and 
the engine should be turned over a few times. 


The oil reservoir should then be drained and 
cleaned thoroughly with a clean cloth previously 
soaked in gasoline, and fresh oil should be put into 
the oil pan (after cleaning and using kerosene), as 
kerosene will thin the oil and cause it to lose its 
lubricating qualities and is liable to cause the bear- 
ings to score or cut. If any of the kerosene is left 
in the engine combustion chamber, it will eventually 
work into the crank case. 


It is customary to grind the valves after having 
scraped carbon, and after grinding, to adjust valve 
clearance. 


Oxygen Decarbonizing Method 


The oxygen decarbonizing method is a process of 
cleaning the carbon from inside the cylinder and 
head of the piston, without removing the cylinder 
head, by means of an oxygen flame, as shown in 
Fig. 24, 


TRIGGER 
VALVE - 


REDUCING | 


MGHTED itp 


Fig. 24, 


Oxygen decarbonizing outfit. 


The outfit (see also, page 751) consists of an oxy- 
gen tank, at an initial pressure of about 1,800 Ibs. 
per square inch, fitted with an adjustable reducing 
valve that brings the pressure down to 10 to 20 
pounds. The oxygen is applied through a torch or 
copper tube about 18” long, with a rather fine, 
flexible delivery jet, communicating with the reduc- 
ing valve through a flexible tube and fitted with a 
trigger valve (FV). The delivery jet of the torch 
when inserted through a valve-plug orifice, can be 
manipulated to reach all parts of the combustion 
space, if it is slightly bent and cleverly turned and 
twisted by the operator. 


To Operate Oxygen Decarbonizer 


1. Turn off the gasoline at the tank, and let the engine run until 
it uses up all the gasoline in the carburetor. If the pan is 
greasy, remove it, to avoid the possibility of a fire. 


2. Remove the hood and cover the air intake of the carburetor 


with sheet asbestos, so that no spark can drop into it, 


8. Remove the large plugs into which the spark plugs are 
screwed, and clean the cylinders, one at a time, being sure 
that the piston is at its extreme height in each cylinder and 
that both intake and exhaust valves are closed before start- 
ing to clean it, 
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4. Start on the valve chamber, first putting a few drops of 
kerosene oil or alcohol into it; ignite with a match or wax 
taper; insert tip of torch and direct a jet of oxygen against 
the carbonized surface. The jet of oxygen almost instantly 
consumes the carbon where it strikes, so move the tip around 
until the incandescence dies out, when it will be necessary 
to inject more kerosene or alcohol, and to repeat the operation 
until the chamber is thoroughly cleaned. When the burn- 
ing starts the carbon will burn with a whitish flame and a 
shower of sparks will come out of the spark-plug hole. 


5. Clean the piston head. Whenit is impossible to see portions 
being cleaned, continue the operation until the series of 
sparks stop blowing out, as sparks will cease as soon as the 
carbon is entirely consumed. 


To clean the top and sides of the cylinder combustion 
chamber it is necessary to bend the flexible copper tip of the 
torch so as to direct the jet of oxygen upwards. ‘To inject the 
kerosene or alcohol, use an oil gun or ordinary oil can with a 
curved nozzle. 


Alcohol leaves the surfaces much lighter than kerosene, but 
when the oxygen strikes it there is quite asharp report. Kero- 
sene is rather more quiet than alcohol. 


Some operators simply drop in a lighted match and then turn 
the Jet upon it, but this method requires much more frequent 
igniting than when kerosene or alcohol is used. 


It is important that kerosene should not be mixed with the 
lubricating oil as it will lose its lubricating qualities. The 
crank case should be wiped out before putting in fresh oil. 
When using the method described above, the flame must be 
handled cautiously, otherwise the parts inside of the cylinder 
combustion chamber will be overheated. 


Chemical Method for Removing Carbon! 


There are several preparations on the market for this purpose. 
It comes in powder form which, the makers claim, if mixed with 
the gasoline, will prevent carbon formation. 


Another agent is known as a liquid decarbonizer. This 
chemical, the manufacturers claim, will dissolve the carbon 
accumulation in the combustion chamber and on the piston, 
and will also loosen the rings if they are gummed and stuck 
to one side of the piston. 


When giving the engine the first dose, and where carbon is 
well accumulated, start the engine and run until warm; then 
shut down the engine and pour the decarbonizer into each 
eylinder, say about 1% pint in each, where it can act on the 
piston and rings. Also pour it over and around the valves. 
Leave the engine over night, or for at least three hours. After 
this time, start the engine up, and the carbon is supposed to 
pass off through the exhaust. 
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Fig. 25 


After once cleaning in this manner, about once every two 
weeks feed the decarbonizer to the engine by placing about 4% 


_ It is not advisable to use liquid decarbonizing mix- 
tures which contain kerosene, as the Ke ccee tends to ee its 
way into the oil pan, thus thinning the lubricating oil. The 
best plan to remove carbon is by the oxygen decarbonizing 
process, providing it is done Properly and providing the parts 
inside of the cylinder combustion chamber are not overheated. 


1A carbon preventive called “Woodworth Carbon-Cl Ku 
manufactured by Woodworth Manufacturing Corsias NiaBara 
Falls, N .Y., is mixed with the gasoline, one spoonful to five 
gatas, It is claimed that this will prevent the formation of 
on. 5 
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WHY AN ENGINE LOSES POWER 


There are feur main causes for this. When an 
engine fails to develop its usual power the cause is 
frequently one of the following: 


(1) loss of compression ; 

(2) deranged valve action; 

(3) faulty ignition; 

(4) improper carburetion mixture. 


1. Loss of compression means more than simply 
failure to compress the charge to a specific extent; 
it is a common name for a condition which not only 
means low initial compression and consequent weak 
explosion, but also that a smaller charge is taken into 
the cylinder, that a portion of the diminished charge 
escapes during the compression stroke without doing 
even a small amount of work, and that a part of 
the explosive force (the only source of power that an 
engine has) escapes through unauthorized channels 
—altogether a threefold loss. 


Faulty compression comes from a variety of 
causes: Cylinders may be worn, scored or cracked; 
pistons may sometimes crack, or rings become 
gummed, worn or broken; valves need grinding 
when pitted or warped; their stems are sometimes 
bent so that the valves cannot seat perfectly, or 
the stems and guides considerably worn. Valve 
stems become gummed and the springs sometimes 
weaken, so that a portion of the charge escapes 
before the valve shuts it in. 


Leaks occur around spark plugs and valve caps, 
but are readily found by applying a little oil, while 
engine is running and noting if it bubbles. 


2. Valve action is disturbed by wear. Usually 
this results from the valve tappets not having been 
given sufficient opening, or having been set to give 
too much opening, or from the valves not being 
properly timed. Valves that do not seat come of 
course under the subject of loss of compression. 


3. Faulty ignition is occasioned by insufficient or 
unsuitable sparks, or by a spark at the wrong time, 
which may result from imperfect setting of the 
spark, from a weak battery, or from demagnetiza- 
tion or some other trouble peculiar to the magneto. 


The ignition timer should come under suspicion 
and should be carefully examined for defects which 


lead to irregular action. Lack of synchronism 
means loss of power, and it is plain that missed 
explosions are fatal to efficiency. It is not always 
easy to detect missing or weak explosions, and no 
doubt they pass unnoticed many times. If vibra- 
tor coils are used they probably need adjusting, or 
their contacts need dressing. 


4, See page 117 for suggestions regarding the 
carburetion mixture. 


Other Causes of Loss of Power 


Air leaks around the inlet valve stems make it 
impossible for even the best carburetor and the 
most careful regulation to supply a right mixture, as 
the leakage fluctuates and is greatest at the very 
time when the volume of gas used is the smallest, 
because there is stronger suction when the throttle 
is nearly closed. This completely upsets the right 
proportions at all throttle openings except the one 
adjusted. This is true also of air leaks around the 
carburetor or intake connections. 


Weak valve springs will also cause loss of power, as 
explained on page 776. 


The muffler may have become clogged by soot 
and charred oil, thus preventing a free exhaust and 
consequently a full charge, besides causing back 
pressure and undue heating. 


Gasoline passages may have become clogged. 


The oiling system may fail to supply the needed 
amount of oil, or the oil used may not be of the former 
good quality. 


Carbon may have accumulated in the cylinders; 
the air valve in the carburetor may be working 
badly because of dirt or wear. 


Dragging brakes will consume a lot of power. 


Sometimes the addition of a top, etc., is not duly 
allowed for, though every driver must have observed 
what a difference the weight of one passenger makes. 


In conclusion, it is suggested that if a car does not 
run with its former power, the cause is probably 
not the result of any one thing, but of a number, 
each contributing in proportion to its importance. 


MEANING OF COMPRESSION, EXPANSION, AND MEAN EFFECTIVE PRESSURE 


Compression pressure is the pressure of the gas 
after being drawn into the cylinder and compressed 
in the combustion chamber by the up compression 
stroke of the piston. This varies with the quantity 
of gas drawn into the cylinder, the speed of the 
pisten, the size of the combustion chamber, and 
the condition of the valves and rings, and the tight- 
ness of the parts. See also, page 116. 


The expansion pressure (often termed explosion 
pressure) would be the maximum or the greatest 
pressure immediately following the combustion or 
burning of the gases. This pressure is many times 
greater than compression pressure. This expan- 
sion pressure (gas expands when ignited and heated) 
continues, but diminishes throughout the entire 


power stroke. 


The explosion pressure runs from three to four times that of 
compression pressure. Tf the compression drops one-half, then 
the explosion pressure drops, but the loss is in more than direct 
proportion. It would seem that if the explosion pressure was 
one-half, the power developed would be one-half. But one 
must realize that it takes a certain amount of power merely 
to keep the engine moving, that is, to overcome the inertia 
and friction of the moving parts. This. amount 1s constant. 
All power developed beyond this amount is available to run the 


car. If the compression and power drop to one-half, just as 
much power is required to run the engine, so that the available 
power drops in much greater degree. 

Mean effective pressure (M.E.P.): During the 
entire cycle of a gas engine, the cylinder is sub- 
jected to many variations of pressure. We have 
seen that during the power stroke, the pressure 
decreases as the piston proceeds along its stroke. 
All of this pressure causes the engine to deliver 
power. In the same way, during compression 
stroke the pressure gradually increases as the piston 
travels upward. All of this pressure hinders the 
engine from delivering power, and should therefore 
be considered as a negative power. 

Now, if we average up all the pressures during a 
cycle and subtract those which hinder the engine 
from those which help it (the power stroke is the 
only stroke which helps), we shall arrive at the M.H. 
P., that is, the average or mean pressure which is 
effective in producing power. 

The advantages of high compression are: greater 
engine efficiency at high speeds and greater economy 
in fuel. 
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The disadvantages are lack of flexibility at low 
speeds, greater strain on bearings, and greater 
tendency to burn valves and plugs, as well as a 
tendency to over-heat. 


A greater compression can be carried in an over- 
head-valve engine, regardless of stroke or bore; 
therefore larger valve openings are permissible. 


Naturally this increases the heat, but as the valves 
are in the head, the discharge is rapid. The explo- 
sion pressure is generated directly above the piston 
center, which receives no side thrusts. 


The spark plugs in an “L”-head type are usually 
over the inlet valves where the inrushing gas keeps 
them cool and where the fire is most certain—since 
they are in the most perfectly scavenged part of 
the cylinder, i.e., the direct path of the fresh charge. 


In the overhead type, on the contrary, they are 
exposed to the full heat of the explosion. Ina high- 
compression engine, therefore, only well-made plugs 
should be used. One method of protection is to sur- 
round the plug with a water jacket as much as pos- 
sible. 

Abnormal compression is prone to cause over- 
heating. Results however can be obtained with 
high-compression ratio which cannot be approached 
with average compression. 


If a high compression is desired in an COED ay oy Ws 
head engine, in order to take advantage of the high 
compression, the cylinders must be designed with a 
sufficiently long stroke, to enable the desired ratio to 
be obtained without raising the piston appreciably 
above the floor of the valve pockets, as at ~.) in 
the illustration (Fig. 26). 


Fig. 26. 
to. It will 
valve pocket (L), and that part of its expansion or pressure 
value is lost when the piston projects above the top of the cylin- 
der to any great extent. i 


This illustration shows the type of piston referred 
e obvious that the explosion will develop in the 


Average Compression of Engines 


The usual compression pressure for touring-car 
engines is about 55 to 75 lbs. on four and six-cylinder 
engines, and 60 to 85 lbs. on eight and twelve- 
cylinder engines, per Square inch, without the addi- 
tional effects. This, when running at average 
road speeds, probably increases, The compression 
on a Hudson six-cylinder engine is approximately 
70 to 75 lbs. The tendency is to decrease compres- 
sion as the diameter of bore increases, 


A six, eight, or twelve-cylinder engine, having a 
much more continuous torque than a single-cylinder 


engine, will obviously stand a higher ratio of com- 
pression. 

The maximum compression is determined when 
the throttle is wide open and all pet cocks are closed. 
For instance, the compression in the cylinder of a 
Packard should show 75 to 85 lbs. pressure at 
cranking speed with pet cocks closed and a wide- 
open throttle. 

Compression at the time of the explosion, at the 
instant when the piston is at top of stroke, is very 
hard to determine. Factors which would have to 
be taken into consideration are: character of fuel, 
degree of mixture, and speed of engine. In the 
average engine, pressure at explosion would probably 
be about 250 Ibs. See also, page 116. 


At higher speeds of the engine a slight compres- 
sion leak is not so noticeable as at low-engine speed. 
If it is desirable to have the engine throttle down to 
a very slow speed, then be sure that there are no 
compression leaks in any part of the engine, includ- 
Ing rings, as one leaky cylinder will affect the others. 


The compression of airplane engines is somewhat 
greater than on automobile engines. Asa rule the 
explosion pressure is four times the absolute com- 
pression pressure based on the assumption that 
the cylinder is filled with the charge to atmospheric 
pressure at the beginning of the compression stroke. 


The compression on a motorcycle engine, as a 
general rule, 


This somewhat depresses 
the power curve, but the engine will run better on a 


An open throttle fills the cylinder with gas, which 
of course increases the compression pressure. 
Therefore an engine would pound or knock at low 
speeds with a wide-open throttle, as when climbing a 
hill slowly. 


Increasing Compression in an Engine 


It is true that different com i 
} pressions affect the 
power of explosions, and that an uneven compres- 


excessively high, it can keep the spark from jumping 


the gap in the spark pl i 
up align 18) plug, unless the latter is closed 


Decreasing compression. See Index. 


TESTING THE ENGINE COMPRESSION! 


The compression is much easier to test than the 
carburetor or ignition apparatus. ; 

To test the compression of the engine one has but 
to crank it slowly (with switch off) and note the 
comparative resistance of each cylmder and the 


1See Index under “Compression tester, home-made,” 


the cylinders is bel i tue 
1 8 18 below the regular st 
perhaps, all are leaking coins andard, then, 
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_ A method of testing with a special gauge is shown 
in Fig. 27. 


MAXIMUM HAND 
WHICH IS LEFT IN 
STATIONARY POSITION 
BY MOVEMENT OF 
LONG HAND 


FITS IN 
SPARK 
PLUG HOLE 
Fig. 27A 

_ Fig. 27. A special gauge designed for testing the compara- 
tive pressure of each cylinder. It is attached to the engine 
cylinder by removing a spark plug and fitting the gauge, called 


a compressometer, instead. The engine should be cranked two 
or three times with the hand crank. (Fig. 27A). 


Compression of the cylinder to which the compressometer 
is attached is indicated on the instrument as the maximum 
hand (short one) remains at the highest point so indicated. 
Note the two hands: the short one remains fixed at the highest 
point reached during the test. This test does not give the 
maximum pressure, as the maximum pressure is obtained only 


when the throttle is wide open and the cylinder is filled with 
gas. With this test the throttle is not opened, the idea being 
to see if there is a good spring resistance offered to the move- 
ment when the engine is quickly cranked. 


As you test each cylinder separately, enter the reading on a 
slip of paper, and then compare the results. Those cylinders 
showing low compression are leaking, and the cause should be 
found and remedied. 


A cylinder with good compression cranks with a 
springy resistance. If it cranks very freely, it may 
be considered an evidence of poor compression, and 
the cylinders should be tested for compression one at 
a time, as follows: 


The compression relief cocks (in a six-cylinder) 
on five of the cylinders, say Nos. 2, 3, 4, 5, and 6, 
should be opened and the compression of No. 1 
noted when turning the engine over. Then close 
relief cock No. 2, open cock No. 1, and crank again 
to test No. 2, and so on until the six cylinders are 
tested. 


A leak through one or more valve seats is gener- 
ally accompanied by misfiring and loss of power. 
A slight leak through all of the valves is accom- 
panied by loss of power, but often without misfiring. 


Grinding the valves will probably remedy this, 
if the leak is not due to leaky piston rings. 


Leaky piston rings are often the cause of compres- 
sion leaks and may be due to the rings being gummed 
in the grooves. A little kerosene poured into the 
top of the cylinder, and then cranking the engine 
several times may loosen the rings, as explained 
under “Piston rings.” 


Poor Compression; Effect and Cause 


The subject of compression is one of the most 
important subjects connected with a gasoline engine. 
If an engine lacks power, nine times out of ten it will 
be traced to poor compression. 


The compression space in an engine is the space 
between the end of the piston and the top of the 
inside of the cylinder at (L), Fig. 26. In drawing in 
a, charge of gas into the cylinder, the piston travels 
downward, but after drawing In the gas through 
the intake valve, the valve closes and the piston on 
its up-stroke pushes the gas up into the head of the 
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cylinder and compresses it (see page 32). If the 
valve. leaks, or if there is a leak otherwise, then 
the gas will not be compressed to as high a pressure 
as if there was no leak. 


ee COMPRESSED 

IN TOP OF 

CYLINDER 
VALVE 


VALVE SEAT 


LEAK AT VALVE 
SEAT 


Fig. 28. If compression is poor, the probable cause is that 
the valves are leaking at the seat. 


_ These joints must be tight at all times. For 
instance, if the cylinder-head gaskets or the small 
gasket in the spark plug, or the spark plug itself is 
not tight, gas will leak out and cause loss of com- 
pression and lack of power. 


When the gas is compressed to the highest point, 
then the spark ignites the compressed gas and forces 
the piston down with great force. If the compres- 
sion pressure is low the force will be less. If the 
compression power is high the force will be greater. 


Leaks will affect the operation of the engine, by 
weakening the compression, diluting the fresh charge 
by the air that enters, by the escape of the pressure 
during the power stroke, and by the igniting of the 
mixture in the inlet pipe. Therefore the power of an 
engine depends on good compression, and good 
compression must be maintained. 


A frequent cause of leakage is pitted valves (see 
page 769), which by not closing tightly, permit the 
pressure to escape. If the valves are in good con- 
dition, and the spark plugs and other openings in 
the cylinder head are tight, leaky piston rings may 
be causing the loss and should be examined. 


The spark plug and the relief cock may be made 
tight by the use of copper-asbestos washers, or by 
a copper washer, that metal being soft enough to be 
forced into the rough places. 


Leaky valves may be ground in as described under 


”) 


“Valve grinding. 


Fig. 29. Other causes of leaks may be in the spark plug, 
gasket, or piston rings. 


There are many places where compression leaks 
may be looked for: through the valves not being set 
right, or through the valves leaking at the seat, 
through the valve caps not being screwed down 
tight, through the spark plugs, relief cocks and 
piston rings, cylinder-head gaskets, etc. Leaks 
have also been known to occur through a small sand 
hole in the end of the piston. 


A 
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Compression leaks in valve caps, spark plugs, 
and priming cups (relief cocks or pet cocks) are 
usually due to a failure to draw them down tight in 
the threads. 


A leak in the gasket connecting the intake pipe 
iS a very common cause for missing at low speeds, 
and is best detected by allowing the engine to run 
at the missing speed. Take a squirt-can full of 
gasoline and squirt around all the intake pipe joints. 
If you detect any difference whatsoever in the run- 
ning of the engine, there is a leak. The remedy is 
obvious. 


Cylinder-head gaskets, if not properly tightened 
and fitted, will permit a compression leak, and will 
also admit water to the cylinder on those cylinders 
fitted with detachable heads. 


Asbestos gaskets, when replaced, are first coated 
with shellac or soaked in linseed oil (not used on 
automobile engines). Copper gaskets are soft and 
give; therefore they do not require this treatment. 
See Index under “Gaskets.” 


Where cylinder-head gaskets are replaced without 
thoroughly cleaning them, as well as the surfaces 
on which they are fitted, or if they are not drawn 
down tight after the engine is warmed up (second 
tightening), a compression leak is likely to occur. 


When cylinders are not cast en-bloc, care must 
be taken that gaskets are of exactly the same thick- 
ness, otherwise the cylinder with the thickest gasket 
will be raised higher than the others and will con- 
sequently have larger combustion space. As a 
result it will have lower compression. ‘This in turn 
disturbs the running balance, 


In two-cycle engines conditions would be even worse, for 
here we not only increase the combustion space and enlarge the 
lower space (which in two-cycle engines is an important 
feature), but we also change the port timing, as a little thought 
will prove. 


If the cylinder wall, the cylinder head, or the 
piston head is cracked, compression will be affected. 


A crack in the cylinder wall will admit water to 
the cylinder from the water jacket. If a hole is sus- 
pected, a test can be made on the cylinder to see if 
there is a leak by putting a foot-pump connection 
to the water jacket of the cylinder. Fill the water 
jacket with water and apply the air pressure, and 
see if bubbles of water ooze through, inside of the 
cylinder. If this is the case, then these holes must 
be made tight. 


If water is found in the crank case, it results from 
one of three general causes: (1) water in the gasoline 
or lubricating oil; (2) loose cylinder-head gasket; 
(3) a cracked cylinder, or a sand hole in the eylinder 
from the water jacket. It is possible, sometimes, 
to stop a cylinder sand hole leak with salammoniac. 
See Index for this subject. 


To detect a crack in the piston head, the latter 
must first be scraped clean of the carbon deposit 
and examined carefully. 


Sometimes there will be a discharge back into 
the carburetor; this indicates a leaky intake valve, 
providing it is not first found to be the result of 
faulty carburetor adjustment, due to lack of sufh- 
cient gasoline, or to too much air, termed a “lean 
mixture.” 


Sometimes a discharge in the muffler indicates 
a leaky exhaust valve, but not always. It will 
require an experienced ear to detect the difference 
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between an unfired charge being exploded in the 
muffler, due to carburetor adjustment and that of 


a leaky exhaust valve 


Piston and Rings Cause of Leaks 


When the piston rings or cylinders have been cut 
and scratched by long use, or running without oil, 
the compression leak will be into the crank case, and 
when the crank case heats so that it is uncomfort- 
able to touch, it is an indication that the leak exists. 
The only remedy is the reboring of the cylinders, and 
the fitting of oversize pistons and rings, or, if the 
pistons are not too badly scratched, new piston rings 
may suffice. 


When piston rings work around in their grooves 
so that their split ends are in line, this will often 
give the compression an opportunity to escape. 
Therefore, see that the split ends are not in line. 


If the piston rings are in good condition, they will 
be smooth and shiny, as will also be the cylinder 
walls. If the rings are dull and dirty in spots and 
streaks, it will indicate that the flame passes between 
them and the walls, leaving a sooty deposit. 


Badly fitting piston rings may be caused by the 
rings sticking in their grooves, because of gummy 
deposit from the lubricating oil; rings that are 
stuck in their grooves will not press against the 
cylinder walls and will cause loss of compression. 
Kerosene oil will cut this gum, and free the rings. 
If this is suspected, just a little kerosene poured into 
the cylinder and distributed by cranking the engine 
will cure it. 


To test for a leak at the valve cap, spark plug, or 
relief cock: Pour oil over the cap on top of the 
cylinder block, and if bubbles occur when the piston 
is moving upward, it is an indication that there is a 
leak. It can be corrected by simply tightening, or 
1t may be necessary to renew the gaskets. Pour 
water into the valve cap to detect an air leak, if 
the spark plug or relief cock is screwed into a valve 
cap with a depression in it. If there is a leak, it 
will bubble through the water when the engine is 
being cranked. This can be remedied by merely 
tightening up or by fitting new gaskets, 


Before Grinding the Valves See if the Valves 
Leak 


The loss of compression may be elsewhere thanin 
the valves. To save time, therefore, first test for 
various other probable causes of leaks as described. 
A good plan is to use Soap suds and apply it at all 
points where there is likely to be a, leak, as, for 


A compression leak between the piston and 
cylinder walls is rather difficult to test. 


Usuall 
they are worn or out of round. See also the subioo, 
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PLACE HOSE OVER 
AIR INTAKE OF 
plARURETOA TO 


PLASbE A RUBBER HOSE 
OVER THE BREATHER PIPE: 
70 TEST FOR LEAK IN FYSTO 
RINGS TO CRANK CASE. 


Fig. 30. One method of testing for piston-ring and valve leaks. 


To test for inlet-valve leak: Knowing that the 
minor leaks above referred to are corrected and 
that all the parts are tight, the next step is to test for 
leaks of the inlet valves, if any. Place a piece of 
garden hose over the carburetor air intake, as in Fig. 
30. With throttle wide open, have someone crank 
the engine with switch off. Place the hose to the 
ear; if a hissing sound is heard when the piston is on 
compression stroke, the inlet valve is leaking and 
needs grinding. 


To test for piston-ring leaks: Place the hose at 
the breather pipe; crank as before; if a hissing 
sound is heard as the piston moves up on compres- 
sion, the pressure is escaping past the piston ring, 
down the wall of the cylinder into the crank case. 
Tn this case new rings are required, or maybe a little 
kerosene to loosen up the ring will suffice. 


If no hissing sound is heard, and you are still losing 
compression, the trouble probably lies with a leaky 
valve. The only way to find it out in such a case 1s 
to remove the valves of this cylinder and examine 
them. 


If you are able to hold against the compression of 
a cylinder for half a minute without perceptible loss 
of compression, the compression is good ‘in this 
cylinder. Test each cylinder. 

Note. A bulletin on lapping out cylinders, grinding pistons 


into cylinders, removing score marks, etc., is furnished free to 
readers of this book by the Clover Mfg. Co., Norwalk, Conn. 


Spark Plugs Indicate Condition of Valves and 
Piston Rings 


When spark plugs are constantly oily and fouling, 
this is an indication of oil passing from the crank 
case past a leaky piston ring. 


Tt is also indicated by excessive lubricating-oil 
smoke (blue) passing out of the exhaust, as the oil 
works up past the rings. 


The condition of the spark plugs will sometimes 
indicate the condition of the valves. If the end 
of the spark plug is oily, it indicates too much 


lubricating oil or leaky piston rings. 


If black soft soot is present, like that which 
accumuiates in a lamp chimney, this indicates that 
too much gasoline is being fed to the cylinder 
through the intake, causing too rich a mixture. 
This may come from improper carburetor adjust- 
ment or from an air leak in the intake manifold. 

Tf the ends of the plugs are oily and sooty, this 
would indicate that the valves leak, as this permits 
burned gases being drawn into the mixture, with the 
result of poor combustion and. lack of pressure 1n 
the cylinder, and also of permitting oil to pass and 
foul the plug. 
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Prussian Blue for a Valve Leak Test 


To test a valve-head seat: Buy a ten-cent tube 
of Prussian blue at any paint store. Loosen the 
valve spring, and blue the face of the valve. Then 
turn it one-quarter around in the valve seat. If 
the seat shows a clear clean line of blue, you have a 
perfectly fitting valve. If there are points where 
the blue does not touch, you have a worn or warped 
valve or a faulty seat. 


If, after these tests, compression is not restored, 
the trouble is a serious one, requiring removal of 
the cylinders or cylinder head. The piston rings 
may be broken, scored, or badly worn, or the 
cylinders may be scored also. To remedy such 
troubles as scored cylinders, where they must be 
reground, requires special machinery, and this sort 
of repair is done by those who specialize in this class 
of work. Such work as fitting rings and grinding 
valves, ete., can easily be done in any shop. 


_ Keep in touch, so to speak, with the compression 
in your engine if you wish to obtain best results. 


A piston may sometimes have a flaw in the casting, and a 
smal] hole will permit loss of compression. See Index under 
“Testing piston for a leak.” 


Causes of Leaky Valves 


A valve and its parts, as used on engines with 
valves on the side, is shown in Fig. 31. 


VALVE SEAT 
VALVE STEM; 


WALVE GUIDE 


VALVE SPRING 


VALVE SPRI NG = 
SPRING SEAT 
* KEY. 
VALVE TAPPET 
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TAPPET SCREW 
7 LOCKNUT. 
VALVE TAPPET-. 
TAPPET GUIDE 
PIN 


ON a 


CAM 


Fig. 31. A valve and its parts. The Ford valve has no 
tappet adjustment. When worn, new valves should be 
installed. 


Fig. 32 Fig. 33 
Fig. 32. Note the black spots on the valve face and valve 
seat. This permits the escape of gas. If the valves are 


ground or reseated, the spots will be removed and the valve 


will seat tight, provided the pitting is not too deep and the 
valve spring is not too weak. 


Fig. 33. _Exhaust-valve stems often become carbon coated, 
and when the engine is driven at high speeds the temperature 
increases, causing expansion, with the result that the valve 
will be given a taper effect which will not permit it to seat 
properly. Often this is the cause of a leaky valve, and the 
stem should be cleaned thoroughly and sufficient clearance 
allowed between the valve stem and the valve guide. Clean 
by placing the valve in a vise, and use a strip of emery cloth. 
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To determine if valves need grinding or reseating: 
Valve grinding will ordinarily remove small pits, 
but if badly pitted or if the valve head is warped 
(caused by excessive heating), out of line with its 
seat, or if shoulders appear on the valve face or 
valve seat, they should first be re-seated with a 
special re-seating tool and then ground to a smooth 
surface. 


Valve stems become worn in time and _ permit 
air to be drawn in through the valve guide when 
the inlet valve is open, thus admitting more air to 
the carburetion mixture, which sometimes causes 
missing. The remedy for worn valve guides is 
discussed on page 774. : 

The subject of worn valve tappets and guides 
is discussed on page 775. 


GRINDING ENGINE VALVES 


Valve grinding is necessary when either the inlet 
or the exhaust valves leak. The exhaust valve has 
a tendency to leak more than an inlet valve because 
it is more exposed to the heat. 


To test whether valves need grinding, see the 
“Prussian blue test,” explained on page 769; also 
try the compression. Weak compression usually 
results from leaky valves as well as from leaky 
rings; therefore be sure that the leak is in the valve 
and not im the rings. 


To grind valves is not a difficult process. It is 
merely a slow and painstaking job, and is better 
done the more patient and untiring the operator is. 


Fig. 34. Valve cover removed on an engine with valves 
on the side exposing the valve springs and valve stems. 


To Remove Valves on Engines with Valves on 
the Side 


First remove the intake pipe (if it is in the way) 
and then the valve-plate cover ( Vig. 34). Remove 
the valve cap or cylinder head, if of a detachable type. 


VALVE STEM 


VALVE SEAT PUN 


VALVE LIFTING TOOL 
Fig. 35. Method of compressing the valve springs on a 
e 


Ford to remove the valve, 
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Fig. 36 


Figs. 36 and 37 show two methods of releasing spring tension 
to remove the spring-seat key 


Remove the spring-seat key from under the 
spring. These springs are very stiff and will require 
a special spring lifter of some form which can be 
secured at any supply house, or you can make a 
serviceable tool, as explained in Figs. 36 and 37. 


Fig. 38 Fig. 39 
Fig. 38. A method sometimes used on V-type cylinder- 
block engines for compressing valve springs. 


__ Fig. 39. After the spring-seat key is removed, the valve is 

lifted out of its seat, which is not always as easy as it would 
appear. Valves may be lifted from their seats by means of a 
valve lifter made from a spring steel rod. A piece of 3/16” 
round rod, about 14” long, is heated and bent in the form illus- 
trated, after which the coil is spring tempered. The points 
are filed down until they are a snug fit in the holes in the valve 
ins ; Wolves may be readily lifted out for inspection by means 
of this device. 


Grinding Valves on an L-Head Cylinder with 
Valves on the Side! 


First, remove the valve cover, as shown in Fig. 34; 
then remove the valve caps or cylinder head (if 
detachable), and then the valve-spring key, by one 
of the methods shown in F igs. 835 to 38 and 40. 
Next remove the valve (Fig. 41). 


Fig. 42 


Fig. 40. Remove the pin in the nd y 
spring lifter will make this easy. Ue Ge ee 


Fig. 41. Lift the valve out of the cylinder, 


Fig. 42. Smear the valve-erind; 
Sa apoee sa ve-grinding compound around the 


Clover Grinding Compound” for grindi indi 

: v c ; grinding valves 
pistons into cylinders, lapping out cylinders, arindianeane 
shafts into bearings, polishing crank shafts, etc., is manufac- 
tured by the Clover Mfg. Co., Norwalk, Conn. This concern 
Issues @ very instructive free bulletin on valve grinding. : 


Sto 
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Second, place some valve-grinding compound on 
the face of the valve. The usual procedure is to 
apply first a coat of oil on the seat, and then to dis- 
tribute it with the tip of the finger; then dip the 
finger into the emery (flour of emery), and apply 
this to the seat. Put on an even coat and don’t 
plaster it all around the surrounding metal parts. 
Take your time. 


There are specially prepared grinding compounds 
which can be secured at supply houses. They 
usually come in three grades: No. 1, No. 2, and 
No. 3. The first is coarse and cuts heavily; the 
second does not cut so much, and the third polishes. 


Third, place the valve back into its seat; then 
use a screwdriver or a brace with a screwdriver bit, 
placing the point in the recess, with which most 
valves are provided. 


Ca ay 
ALY 
tA es 


Fig. 46 


There are various ways of grinding valves: with a 
brace and a screwdriver bit as in Fig. 43, or by hand, 
with a regular screwdriver as in Fig. 50, or by means 
of a special hand-grinding tool (Fig. 46) with a 


Fig. 49 


Fig. 48 


Fig. 48. “‘Anderson’’ universal valve grinder. To use this 
tool it is necessary to make two light impressions or center- 
punch marks on the flat surface of the valve (Fig. 49), at an 
angle, or in the sides of the holes already there. The ‘‘pinch- 
ing-bug”’ hardened-steel jaws are then inserted, and securely 
held by turning down the knurled nut. Grind by rotating 
between the palms of the hand. The rod is fastened in such a 
way as to give a swivel action, permitting the rod to be held at 
any angle while grinding—the valve remaining true on its seat. 
(Stevens & Co., 375 Broadway, New York, N.Y.) 


reciprocating motion, or by a specially made valve- 
grinding tool operated by power (Fig. 47), or with an 
electric valve-grinding tool (Fig. 45). There are 
numerous valve-grinding tools on the market. 


A spring should be placed under the valve as 
shown in Fig. 43. This will allow the valve to be 
raised from its seat occasionally for inspection. 


Place a cloth in the opening to the cylinder to pre- 
vent the grinding powder and dirt from getting in; 
and be sure and take it out when through. 


Fig. 50 


Fig. 50. A plain screwdriver can be used for grinding valves 
and can be operated in the manner shown in Fig. 51. 


Fig. 51. A tool for grinding Ford valves may be made from 
an 8” length of broom handle and two nails. The two nails are 
driven into the sawed-off end of the handle, until only about 
one inch of the nailis left. The heads of the nails are then filed 
off and bent until they will fit into the drilled holes in the valve 
top, which are usually found either in the form of holes or of 
slots to take a screwdriver. 


Fourth, turn the valve half a revolution back and 
forth in its seat, and occasionally lift it from its seat 
and shift it around. Don’t turn it round and round. 
See the reason for this, as explained on page 772. 


When the pits on the valve are almost removed, 
continue the operation with flour of emery of a 
finer grade, instead of the coarse grade; remove the 
valve oftener, applying more oil and less emery each 
time, until a good seat is obtained all around; then 
finish up by polishing the seats with oil. Kerosene 
is most effectively used in finishing, and the smoother 
the finish obtained, the less the chance for a leak. 
Be sure that the valve stems are free in the guides. 


Fig. 54 


Fig. 52 Fig. 53 


Figz..52. To test the finish of a valve face after grinding: 
mark it with a lead pencil as shown about Yo in. apart or less. 
If, after putting the valve in place and after oscillating it about 
a quarter-turn, all marks are erased, the job is satisfactory. 
(The marks on valve (W) are the pencil marks to be erased.) 


Fig. 53. Replacing a valve spring: Tie the valve spring 
before trying to replace it. A simple method is to compress a 
valve spring between the jaws of a vise. | While compressed, it 
is tied up with a loop of wire or string in two or three places. 
When the spring is thus tied up under tension, its replacement 
iseasy. This is not necessary, however, if a valve-spring lifter 
is at hand. 


Fig. 54. “Bryant” valve-spring compressor. The upper 
engaging device is inserted between the coils, thereby raising 
the spring away from the disk, leaving the disk and key free 
to be removed. The valve may be “ground in’ and replaced 
in position without removing the spring or the lifter from their 
places. (Can be obtained of Stevens Co., 375 Broadway, 
New York, N.Y.) 
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Remove the valve and clean both head and seat 
with kerosene, and don’t overlook cleaning the 
valve stem. 


If a polished seat is desired, finish as follows: 
When the valve is ground to a dull, smooth surface, 
remove and clean the valve face thoroughly. Do 
not clean the valve seat, but leave upon it the com- 
pound which remains from the last grinding. Re- 
place the valve and give it twenty or thirty turns. 
Remove again, clean the valve, but not the seat as 
before. Replace the valve, and repeat until the 
desired polish is obtained _ The polished seat may 
look somewhat better, but the dull smooth seat gives 
much better results, as has been proved by test. 


For grinding valves, a pressure of about 314 Ibs. is 
sufficient. More pressure than this will cause the 
grinding compound to cut rings in the valve or seat. 


A valve that is properly seated will bounce back 
when dropped into its seat. If it stops with a dull 
thud, either the grinding is not perfect or the valve 
stem is bent. 


To Test Valve Seat After Grinding 


Test a valve to see if it has been properly seated 
after grinding. As a rule, the grinding of a valve 
should not be carried too far. After completing the 
grinding operation as described above, clean the 
face of the valve thoroughly; place a light coating 
of oil on the valve face and then place the latter on 
the valve seat. Turn it back and forth a few times. 


Then remove the valve and clean it, holding it 
to the light and observing if there are fine polished 
lines on it. These lines are the points at which the 
valve-head seat makes contact with the valve seat. 


LINES SHOULD 
OVERLAP 


VALVE HEAD 
SEAT 


Fig. 55. Correct valve face. 

It is not necessary that the lines continue all 
the way around the valve face or seat ; In fact, this 
is rarely found to be the case. They are usually 
as shown in Fig. 55 when properly seating. Note 
that it is necessary that one line overlaps another 
line, so that there is no break all the Way around 
the face of the valve. 


Tf, on the other hand, there is a break at any point 
where one line does not overlap another, the gas will 
escape, and the entire operation should be repeated 
until the lines make a complete overlapping circle 
as shown in Fig. 55. 


The reason why a valve should not be turned 
continuously in one direction when grinding, is that 
it is liable to result in a spiral cut in the seat which 
would be hard to grind out. 


_, An ideal valve seat is a very fine, narrow edge, as 
1t will last longer than a wide one, and, furthermore, 
a wide seat tends to permit carbon to collect in the 
Seat, and thus heats the valve, while a narrow valve 
seat cuts the carbon, thus assisting in keeping the 
seat clean. 


If difficulty is met with in grinding some of the 
valves, owing to the fact that the abrasive cuts the 
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surface very slowly, it is because that particular en- 
gine has a very hard alloy steel Tungsten valve. 


Tungsten metal valves have Tungsten heads 
electrically welded to nickel-steel valve stems. 
Valves are also made with cast-iron heads welded 
to steel stems. 


The Webster laminated valve is another type of 
valve, the manufacturers claiming that the flexible 
action of the head makes it possible to use this 
valve without having to grind it in and.that it will 
keep the face of the seat clean. Another feature 
claimed, is the smoothness and quietness of opera- 
tion. This valve is made up of seven laminations, 
the bottom one of which is chrome-vanadium steel. 
The laminations are locked together on a 314 per 
cent nickel steel stem by a patented method of 
swagging, making the stem an integral part of the 
valve head. 


To grind valves in an engine with valves-on-the- 
side, with a detachable cylinder head, see also page 56. 


After grinding the valves, replace the valve caps 
(Fig. 56), then adjust the valve clearance, and put 
on the valve cover (Fig. 34). 


Fig. 56. Valve caps are placed over each valve and are 
finely threaded and provided with a copper gasket (3). When 
replacing, the threads should be coated with graphite or one will 
have difficulty in removing them the next time. (1) shows a 
castellated type which sometimes is sunk into the head of the 
cylinder and requires a special tool to remove. 


Grinding Overhead Valves 


_ The foregoing instructions are for grinding valves 
in an “L” or “T’’-head type of cylinder. 


Valves placed overhead, are either in cages, as 
shown on pages 53, 71, or in cylinder heads which 
are detachable, as in Figs. 112 to 115, page 57. 
The process of grinding is similar to the method of 
grinding valves explained on page 771 and also 
page 57. 


Where valves are in cages, the cages are usually 
removed as shown by Fig. 57 below and the valves 
are ground in the cage. The method of grinding 


an 


, SCREW DRIVER BIT ct 
i “VALVE 


Fig, 57 


Fig. 58. A simple way of grinding a Buick val 
perfect seat is shown here, Tisch the EA tes ee 
insert a round iron rod which has been threaded for a nut at 
the two places shown. Then tighten the nuts. With the rod 
as a handle, the cage can be rotated easily. See also Page 71, 
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is similar to that of grinding valves explained on 
page 771. 


_ The cage (Fig. 57) is placed in a counter-sunk hole 
in the bench, with a spring under the valve to raise 


it. In fact, it is a good idea to place springs under 
all types of valves when grinding, as shown in Fig. 43. 


To tell when a valve is ground to a perfect seat, 
see Prussian blue test (pages 769, 772, and Figs. 52, 55). 


REFACING VALVE-HEAD FACES AND RESEATING VALVE SEATS 


_ When valve-head faces or valve seats are badly 
pitted or cut, or where shoulders appear, they will 
require more than mere grinding. 


Valve-head faces are beveled, at either 45°, 30°, 
or 60°—usually 45°. 


As an example of the contruction of a valve, a 
Ford valve will be used as shown in Figs. 59 and 60. 
Valves can be secured in the form of blank forgings 
and can be turned up on a lathe to size. Usually 
1t 18 more economical to purchase valves finished. 
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Fig. 59. Dimensions of a finished Ford valve with a cast- 


iron head. 

Fig. 60. A Tungsten valve. The Tungsten valve, of course, 
is much harder. Note that the face of the valve is beveled at a 
45° angle. The exact dimensions of a Ford valve in thou- 
sandths of an inch are as follows: diameter of valve head, 
1.422”; valve stem diameter, .311”; length of valve stem, 
4.976”. 


Refacing Valve-Head Faces 


The valve head face is refaced with a special 
refacing tool, as shown in Figs. 61 and 62. 


Fig. 61. The Sioux valve refacing tool; to be held in a 
vise. It is made with cutters for valve faces with 45°, 60°, 
and 30° angles. 

Where Tungsten valves are used, they can be 
ground if a good valve-grinding compound is used 
for the purpose; but if they are badly pitted, they 
should be refaced, because the Tungsten metal is 
very hard, and the labor in this case is considerable. 
The usual practice is to place them in a lathe and 
emery them down with special devices for the pur- 
pose, or to use fine emery cloth on a block, while a 
valve is rotated at a high speed. A valve refacer 
designed for Tungsten or other valves is shown in 
Figs. 61 and 62. 


_ Fig. 62. The McCullough valve grinder or valve refacer 
is guaranteed to grind all makes and sizes of gasoline-engine 
valves with absolute accuracy and to any bevel desired. It 
will grind with ease, and perfectly, the hardest tungsten valves 
without affecting the temper. The hardest valve can be cut 
to shape in a few minutes, and it does not require a skilled 
mechanic to accomplish it. When not being used as a valve 
grinder this machine can be quickly converted into a tool and 
drill grinder, thus making it a most necessary tool in any auto 
repairshop. Manufactured by B. L. Fry Mfg. Co., St. Louis, Mo. 


Reseating Valve Seats 


Truing up a valve seat in the cylinder is usually 
done with standard sizes of valve reseating cutters 
or valve seat reamers, as they are usually termed. 
One type is shown in Fig. 68. 


When reseating valve seats, the novice must be 
careful not to cut too deep into the seat and thereby 
lower the valve stem. In fact, it is advisable to 
adjust the valve clearance after either grinding or 
reseating valves. After reseating, always grind the 
valve in order to make a good tight seating. 


Fig. 63. The Sioux valve-seat reamer for refacing valve 


seats. 


A perfect seat is assured when a white line extends 
clear around both the valve and the seat, when giv- 
ing the Prussian blue test. The width of the line is 
immaterial, but the narrower the line, the better 
the compression will be, because there is less area 
for the pressure of the valve spring to act on. How- 
ever, it is not well to have the ring less than 1” 
wide. 
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A valve seat should have a bevel of not less than 
45°. With less than this the valve will stick. 
Another good angle is 60°. 


CORE 10 Ley Ba model car. Valve seats have been 
ground till the valves drop a 1%’ into seat and the valve 
head is not level with the combustion chamber till the 

iston has descended one-half of the suction stroke. 
ales are 214 ins. Cylinder bore 4%, stroke 6 ins. 
Is it advisable to reseat and use slightly larger valves? 


Ans.: Yes. Leave the seat narrow so it will last longer. 1/16 
to 1% inch is wide enough for the seat in the cylinder. You 
car secure the valve blanks at most any auto supply house. 


It will be noticed that some valve stems seem to 
wear very much on one side. This may be caused 
by one or more things, viz.: (1) the hole is not con- 
centric with the valve seat—which can be remedied 
by reseating in a radial drill press; (2) the top of 
the valve lifter is not at right angles with the valve 
stem, wedging it off to one side; or (3) the same may 
be true of the valve head on the stem of the valve. 
These two latter troubles can be remedied by the 
judicious use of the file. 


Fig. 64. The McCullough valve reseating tool consists of 
a carborundum cloth cone held to the face of the valve as shown. 
The valve is used just the same as a, reamer, the cloth cutting 
the seat in the valve seat of cylinder at exactly the same bevel 
as that of the valve face. Noreamers arerequired. There is 
nothing to replace but the carborundum cloth. Emery cloth 
or sand paper will do quite as well, but will not last as long. 
Manufactured by B. L. Fry Mfg. Co., St. Louis, Mo. 


VALVE-STEM GUIDES, OVERSIZE VALVE STEMS, AND VALVE TAPPET GUIDES 


When valve stems become badly worn, it is 
almost a certainty that the valve stem guide, or hole 
through which the valve stem passes, 18s worn out of 
round. This permits air to be drawn through the 
inlet valves when they are open, which causes an 
imperfect mixture, resulting in bad starting as well 
as noise. 


Sticking valves are also sometimes caused by 
worn valve guides, causing the valve stem to stick 
at the top and bottom of the guide, with the result 
that air is drawn into the cylinder, causing missing. 


On some engines there are valve-stem guide 
bushings which can be renewed when worn by put- 
ting on a new bushing and reaming out the guide for 
a new valve, which is fitted at the same time, and by 
then grinding the valve to a seat. 


Replacing valve guides: Where engine cylinders 
are fitted with removable valve guides, the old 
valve guides may be driven from the cylinder cast- 
ing. ‘The fitting of new guides must then’ be done 
with more care, however, as a slight distortion of 
the guide will cause the valve to stick. The puller 
illustrated in Fig. 65 is ideal for this work, as it 
applies a steady, even pull to the guide in a manner 
that cannot spring it out of shape. This tool can 
be made by taking an old cylinder cap and drilling 
and tapping it to carry the threaded rod, which 
may be made on the lathe in a few minutes. The 
oe guide, it will be noticed, is drawn in from the 

ottom. 


Many valve guides are not bushed, but are simply 
drilled passages in the metal of the engine, as, for 
example, on the Ford. 


In this construction, the guide is reamed larger, 
and an oversize valve is put in. 


Ford valve guides (as well as those on many other 
engines) are a part of the cylinder casting, and can- 
not be renewed. Reaming and fitting oversize 
valves is a better method than to ream the guide 
large enough to put in a bushing. Unless a great 
deal of metal is removed, the bushing would be so 
thin that it would not last long. 

A reamer 29/64” is used to ream the push rod or tappet holes 


1/64” oversize, and a 21/64” reamer for reaming the valve stem 
guides 1/16” oversize on the Ford. 


Oversize Valve Stems 


Oversize valve stems are necessary when worn 
valve guides are reamed out. The standard over- 
size valve stem is yy” (or, in other words, the valve 
guide is reamed that much larger). | If the standard 
valve stem was ;5;” in diameter, it would be gy” 
larger, or 24’’ in diameter. 

If valve guides are badly worn, it will be neces- 
sary to ream larger and to fit larger oversize valves. 

On older models (Dodge cars), the valve guide was int 1 
with the cylinder, and a 35/64” drill bored out the worn pea 


Then a .556” reamer is run through. Then a finishi i 
taken with a 9/16” reamer. - a aah aaa 


Fig. 66 ; Fig. 67 

Fig. 66. A valve-guide reamer. When reaming th 

* 3 . . * € 1 
guides it is necessary to ream true; therefore a guide is eed 
sary. The guide is shown clamped to the cylinder head. The 


reamer is then passed through i 
pemonie D rough the guide and turned by a hand 


Fig. 67. An oversize valve s i 
RE Rie OC tem which must be fitted when 
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Fig. 69 
Fig. 68. The method of truing valve tappets, when worn, 13 
shown in this illustration. 


Fig. 68 


_ Fig. 69. Valve-tappet guide puller is made of a short sec- 
tion of 2” iron pipe, or any size larger in diameter than the 
guide, A washer is then placed over the top of the pipe. A 
bolt which will go through the guide hole, and two nuts, will 
complete the puller, 


Noisy Valve Action 


Noisy valve action: Difficulty is frequently ex- 
perienced in locating noises in and about the engine, 
probably because there are so many of them that it 
is difficult to determine where to begin. 


There are three points in connection with valve 
operation where a clicking noise may occur, as follows: 
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1. Worn valve tappet guides. 


2. Too great a clearance between valve stem and 
valve tappet. 


3. Valve springs too strong. 


The best way, perhaps, is to go about it in a sys- 
tematic manner, starting with the most likely 
sources, as, for instance, in the valve tappets. 


Worn Valve Tappets and Guides 


Valve tappet guides usually wear out of round, as 
a result of the cam striking the lower end of the 
valve tappet in one direction. Thus in time the 
wear will be such that each time the cam strikes 
the tappet to raise it, the tappet is thrust to one side 
of its guide, and a clicking noise will result. 


The remedy is either to put in new valve tappet 
guides and tappets, or to ream out the tappet guide 
and to fit oversize tappets. 


On the Ford, the tappet holes can be reamed to 
1/64’ oversize with a 29/64” reamer, and oversize 
tappets can be fitted. 


VALVE-STEM CLEARANCE 


This subject is fully dealt with on pages 58 and 73, 
therefore only the resultant effects produced by 
improper valve clearance will be dealt with here. 


Proper adjustment of the valve tappets will help 
in reducing the noise which invariably occurs when 
there is any wear, as a result of the increased space 
between the valve stem and the valve tappet. 


The proper space between the ends of the push 
rods and valve stems is as explained on pages 58 and 
59. The smaller the space, the less the noise; but 
sufficient space must be allowed to provide for 
expansion when the engine is warm and for irregular- 
ities in the shape of the cam or roller. 


Sometimes only one or two valves may need 


‘ adjustment, while others may be in good shape; in 


such cases there will be a clicking sound at regular 
intervals. 


The repairman can generally find a tappet that is 
badly out of adjustment in a very short time by 
simply working the tappets of each cylinder up 
against the valve stems and down again, with his 
fingers, while the pistons of the respective cylinders 
are on their compression strokes. 


Another plan is to place a thin piece of metal as 
a thickness gauge under a suspected valve stem, as 
shown in Fig. 72, and when the noisy one is found, 
the insertion of the tool will cause the clicking to 
cease abruptly and the valve will remain quiet until 
the tool is removed. 


Valve-Clearance Adjusting 


Adjustable valve clearance is where there is a 
valve-tappet adjusting screw (Fig. 2, and Fig.1, 
page 58). 

To test valve clearance, the best plan is to use a 
thickness gauge and follow instructions given on 
page 59. 

In the absence of a thickness gauge for regulating 
the valve space, many repairmen use a piece of paper 
as shown at (C) Fig. 71. It is folded once and 
slipped between the ends of the stem and tappet; 
the lock nut (N) is loosened, and the stud (S) is 


screwed up or outward until it just begins to pinch 
the paper and prevents it from sliding about as 
readily as at first. The paper is then removed and 
the lock nut is tightened. 


Fig. 72 


lila, (als 


Vig. 72. Thickness gauge inserted between valve stem and 
tappet to find out the existing valve clearance. 


Valve adjusting. 


When both the inlet and exhaust valves have 
been adjusted in this manner, each one should be 
individually tested with a single thickness (a thick- 
ness gauge is best; see page 73 and see also, page 
58 for the adjustment or gap necessary for leading 
engines), to see if the valves remain tightly closed 
throughout their required period. 


This is best done by sliding the single thickness of 
paper back and forth as the engine is being turned 
slowly from the closing to the opening points of each 
valve. The marks on the fly wheel may be used to 
advantage in this operation if accessible, but they 
are not necessary. One can slide the paper under a 
stem and turn the engine over untilithe paper is 
seized, which indicates !the valve opening. ‘Then 
turn it a little farther until it is free again, which 
marks the closing of the valve. Now, if the paper 
is turned still farther, and is continually slid about, 
if it is not seized before the regular time for the valve 
to open (according to either the position of the piston 
or the crank handle) , the adjustment is about right, 
but if the paper is prematurely seized the space is 
insufficient. ‘The valve in each cylinder should be 
adjusted in the same manner. 
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When adjusting valve clearance, remember that 
if no space at all is left between the valve and the 
plunger, the valve will not seat properly; therefore, 
it is Important to get the distance exact. 


Non-adjustable valve clearance is where no ad- 
justment nuts are provided, as on the Ford. There- 
fore when the clearance is too great, new valve stems 
and often tappets also must be installed, or valve 
adjusters can be used as explained below. 


Fig. 73. Valve-clearance adjusters. When the space be- 
tween the end of the push rod and the end of the valve stem 
ig more than 1/32”, then a clicking noise is the result. As the 
Ford valve has no means of adjustment it 1s remedied by either 
installing new valves and 1/64’ oversize push rods (tappets), 
or by using adjusters, as shown in this illustration, which are 
made of steel lined with fiber. These can be secured of sup- 
ply houses. The clearance on a Ford valve should be .022 
to .028”. See Index under ‘‘Valve clearance, Ford. 
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Fig. 74 


ic. 74, Ifa valve tappet becomes worn with a depression 
ye end of the peek this would throw the valve out of 
time if clearance was measured with thickness on the top or 
sides of the depression. Install a new tappet, and also a new 
valve stem. 


: VALVE SPRINGS 


If the springs of the exhaust valves become weak 
from use or heat, the pistons will draw burned gases 
into the cylinders, past the valves with the incoming 
gasoline charge, giving an improper mixture. 


The valve springs should be tested when over- 
hauling, to see if they are full strength (see Fig. 76). 
They are usually made of chrome-vanadium steel. 
The average strength of a valve spring is about 30 
Ibs., but. varies. On the Franklin series “9B” 
engine, when supporting a weight of 25 to 28 Ibs., 
the springs should have just enough tension to seat 
the valves properly. A 1/32’’ washer under the 
spring will increase the spring tension by 1 lb. 


Exhaust valve springs are stronger than the inlet 
spring, and at high engine speed the exhaust valves 
nearly always permit some leakage. 


The reason why an explosion from a weak exhaust 
spring misses is, that when the throttle is closed, the 
piston cannot get much of a charge, and conse- 
quently it sucks the exhaust valve open and draws 
back some of the burned gases, which spoils the 
small charge in the cylinder, causing mis-fire. 


To test for a weak exhaust spring, insert a screw- 
driver between the coils (Fig. 75), thereby increasing 
the tension. If missing stops, then remove the 
spring and stretch it about an inch, or put in a new 
one. 


Valve springs that are too stiff are to be avoided, 
because they may close the valves with so much 
force as to break the stems at the key, or the heads 
from the stems, and it is a certainty that the seats 
will be pounded out of shape, even if the valves do 
manage to stand the constant hammering action. 
An excessively stiff spring consumes power which 
might be used to a better advantage, and there is 
also considerable noise. 


A weak inlet valve spring also makes itself evident 
by the mixture back-firmg into the carburetor. 
Springs too weak to hold the valves on the cams will 
also produce clattering noises, owing to belated 
seating of the valves. 


To increase the tension of a weak valve spring, 
stretch the spring a mere trifle by slightly opening 
up the coils with a screwdriver, (Fig. 75), or by 
securing one end coil of the spring im a vise and 
tying a cord or the like to the other end, so as to get 
a grip. Then stretch it a little in the ordinary way. 


Another way to increase the tension is to place a 
couple of washers under the lower end of the spring. 
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Fig. 76. When the engine is overhauled, the old valve 
springs can be tested to see that they have not weakened, and 
whenever a new spring is put in, it can also be tested. The 
illustration shows a simple means of determining whether a 
spring is in good condition or not. 


The apparatus consists of a bracket in which is mounted a 
valve guide, valve, spring, spring seat, and retaining key. 
Two marks are placed on the valve stem, one indicating when 
the compression of the spring is zero, and the other when it has 
been compressed a certain amount, say 144’. The number of 
pounds required to compress the spring 14’’ may be ascertained 
by testing a new spring known to be of the proper tension; 
then compare the test of the good spring with the old one. The 
pedal is depressed and the valve is raised until the lower mark 
on the valve stem is on a level with the top of the valve guide, 
at which time the pull as registered by the spring scales should 
be that of a good spring tested previously in the same manner. 


One of the most important features necessary to 
obtain increased power is good valve action. Valve 
springs are cheap, and it pays to install a new set of 
valve springs occasionally, even if the old ones do not 
seem to be worn out. Lively springs close the 
valves promptly, and this is especially necessary if 
the engine is to be run at high speeds. If it is to 
be used for racing and the last ounce of power is 
desired, it may be advisable to use special valve 
springs that are stronger than the regular-type, but 


such springs are more prone to break the valves 
and are more noisy. 
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ENGINE KNOCKS! 


Knocks are usually caused by the following parts 
being loose or worn, or otherwise in poor condition: 
1. Lower connecting-rod bearings. 
2. Upper connecting-rod bearing or wrist pin. 
2. Cam-shaft bearings, 
4. Main crank-shaft bearings. 
5. A loose piston which produces a piston slap. 
6. Timing gears. 
7. Cam shaft. 
8. Fly wheel. 
9. Carburetion adjustment not correct. 
10. Running too far advanced on the spark. 
11. Worn valve stems and valve guides. 
12. Pre-ignition. 
15. Badly worn or broken piston rings. 
14. Too great a compression. 
Troubles which commonly cause a knock that 


develops on a hill, and that is not perceptible on 
level ground are as follows: 


1. Lean mixture. 

. Magneto set too early. 

. Valves seat poorly. 

. Carbon in cylinders, 

Poor valve adjustment. 

. Loose wrist pin bushing. 

. Loose magneto shaft coupling and sticking valves. 
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The cures for these may be taken up in order, 
They are as follows: 


Lean mixture can be cured by opening the needle 
valve slightly, or by closing the air valve. The 
former is preferable, as it is easier to make a correct 
fuel adjustment than an exact air adjustment. This 
adjustment should be made on the road. Take 
the car out on a hill and run it up in its present 
condition. Return to the bottom of the hill and 
make a change in the mixture, by turning the fuel 
adjustment. When this is done run the car up the 
hill again and note if there is any decrease in the 
knock. If there is none, or the change is only slight, 
it is time to pass to the next cause. 


Climbing a hill with spark too far advanced will 
always cause a knock. See Index under “Ignition 
knock.” 


Loose cylinder nuts will cause a knock and vibra- 
tion, and in some cases a knock has been caused by 
the engine being loose on the frame. 


Timing gears: Lack of proper lubrication causes 
most of the worn-out knocks which are heard, while 
many come from natural wear. The timing gears, 
for example, run in a bath of oil, and yet, in time, 
the teeth become worn and, with the excessive back- 
lash or play, a rattling and sometimes a knocking 
is heard. 

Knocks are frequently caused by connnecting rods 
being slightly bent or out of alignment, which some- 
times happens when fitting the cylinders down over 
the pistons. This will also cause a ‘piston slap.”’ 


Locating Engine Knocks 


Minor causes: Before making tests, first deter- 
mine if the cause of the knock is not one of several 


- minor causes, which are easy to locate: 


1 See also Index 


1. See if the cylinder is free from carbon, and if the 
knock is not caused by pre-ignition (see pages 
170, 780). 

2. Find out if the knock is due to running with the 
spark lever too far advanced. 

3. See if carburetion is properly adjusted. 


. Ascertain whether valve clearance is correct, and 
if the valve tappets are not badly worn. 


Pa 


After determining that the minor causes enumer- 
ated above are not producing the knocks, then test 
from the outside of the engine with a sounding bar, 
so that the location of the knock will be determined 
a at “seta that. its approximate position may be 
earned. 
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Fig. 77. A sounding rod (of iron or steel) can be made 
useful to locate the source of knocks. Place the thumb over 
the end of the bar and then place the ear close to the thumb. 
The closer you get to the noise, the louder it will be. 


Fig. 78. Detecting noises in the engine by sound, with a 
Sonoscope, on the same principle as that of the sounding rod 
above shown in Fig. 77. (Made by American Elect. Co., 
Chicago, III.) 


It is particularly important to learn at just what 
point in the engine the trouble exists, and what the 
cause is likely to be. With this information to 
start with, no unnecessary parts need be removed, 
and much time will be saved. Aside from this, it is 
well known that an engine is always more or less 
marred by tearing down, and this unnecessary 
expense should be avoided as much as possible. 


We have often seen good automobile mechanics 
stand around a knocking engine, and have heard 
each one name a different cause for the trouble. 
Taking an engine apart is a costly piece of work, and 
often much labor and expense could be saved if the 
cause could be accurately located before the parts 
are disturbed; in fact, the knock is not always in 
the engine itself, although it may sound as if this is 
the case. It may be found in some of its attach- 
ments or fittings, and could perhaps be easily 
remedied by the operator if only he had the means 
of locating it. For this reason, the use of the 
sounding bar is recommended. 


First examine the valves: Noises from worn valve 
stems, push rods, or guides are usually caused by 
too much space between the end of the valves and 
the push rods; these conditions, too, are usually 
the cause of most clicking noises. They can easily 
be detected by “testing for noisy valves,” as 
explained on page 775. 


Wrist-pin knocks can be tested as follows: While 
the engine is running, short-circuit the spark plugs, 
one cylinder at a time, to cause it to miss, with the 
engine running slow or idle. While this is being 
done, if the piston pin is loose there will be a notice- 
able knock. The surest method is to remove the 
piston and connecting rod, and to test on the bench 
by “feeling” for the looseness. 
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Fig. 79. Although not all are shown above, most of the 
common engine noises and knocks are caused either by poor 
tappet adjustment, by a worn valve-stem guide, by play in the 
push-rod guide, by a loose piston or a worn cylinder or loose 
cylinder nuts. Any of these will cause the engine to knock, 
and they should be remedied immediately to prevent further 
complications. 


To test for loose pistons: Remove the spark plugs 
and put 1% pint of heavy oil in each cylinder; crank 
by hand slowly until the oil works to the piston rings. 
Replace the spark plugs and start the engine; see if 
the same noise occurs. If it does not, the heavy 
oil has cushioned the piston from the cylinder and 
has stopped the knock temporarily. The oil will 
soon get hot and run from the rings and piston, and 
the knock will occur again. 


If the piston is loose, or if the connecting rod is 
bent, it has a tendency to cause the piston to strike 
the cylinder wall at an angle, causing a ‘‘piston slap.” 
The rings may be tight, yet if the piston itself is 
loose, this knock is very likely to occur. 


The cam shaft and timing gears can easily be 
detected with the sounding rod. The timing gears 
will have a sound or growl that is entirely different 
from a knock. 


To test for loose fly wheel: Allow the engine to 
run idle at about 500 r.p.m.; then throw off the 
switch and wait till it slows down to about 75 or 100 
r.p.m., after which throw the switch on with spark 
slightly advanced. Repeat this a few times, and if 
the fly wheel is loose there will be one distinct knock 
each time the switch is thrown on. 


Another method of testing for a fly-wheel knock 
is to rock it (remember that the fly wheel may be 
entirely all right, but some other part attached to it 
may be loose). 


A connecting-rod lower bearing knock can be 
definitely determined by removing the hand plate at 
the bottom of the crank case, placing your finger on 
one edge of the bearing, and cranking the shaft. 
Have someone rock the fly wheel or starting crank 
gradually one way and the other (switch off). If 
it is loose, you will feel it. 


Main bearings can be tested in the same manner. 
A main-bearing knock can also be determined wherr 
running the car, by suddenly throwing it into high 
speed or when pulling a stiff grade. If the main 
bearings are loose, a distinct knock can be heard. 


How to Locate a Knock by the Sound 
Produced 


To locate the cause, first drive the car until the 
engine becomes warm or reaches its average temper- 
ature; second, select a run of about half a mile, 


running into a grade of about 8 to 12 per cent, of 
whatever length may be had. 


Drive the car at from 10 to 15 miles per hour on 
the level road, and maintain this speed up the grade 
if possible. At this speed the engine should run 
quietly. 


But, if, on the other hand, a slight but distinct 
metallic rap is heard, whether it be one, two, three, 
or four times to a revolution of the crank, the push 
rod or rods will be found to have too much play. 


Should it be a slight knock, which slightly in- 
creases as the car mounts the hill, mark it first as 
resulting from worn piston rings, which for the frac- 
tion of a moment stand still in the cylinders at the 
beginning of the power stroke, while the piston 
travels its first 1/64”, or whatever distance the wear 
may permit. Or it may result from worn pistons 
which are being driven against the cylinder walls at 
the beginning of the power stroke. 


This knock may, on the other hand, have a dis- 
tinct metallic sound which occurs once to every 
explosion and greatly increases as the throttle is 
opened or more gas is admitted into the cylinders. 
If this be the case, mark it carbon deposit in the com- 
bustion chambers and on the piston heads, which 
becomes very hot and ignites the gas, causing pre- 
ignition. 


Should the knock be either heavy or light but with 
a muffied sound, occurring either one, two, three, or 
four times to two revolutions, this can be marked 
connecting rod or rods, which may be loose on the 
crank shaft, or the piston pins or bushings them- 
selves may be worn. The one or more which are 
causing the knock may be located by holding down 
on the coil vibrator, or in any other manner that 
will discontinue the spark at the plugs separately. 
For example, if by preventing cylinder No. 1 from 
firing, the knock ceases or is one less in two revolu- 
tions, then the trouble lies in connecting rod No. 1. 


Should the engine pound, having the sound of a 
block of wood striking the ground, which will occur 
once to every explosion, but may be heavier at the 
explosion of any one cylinder, mark this crank- 
shaft main bearing. In very bad cases this pound 
can be felt by the driver. 


Again, a fly wheel that is loose on the shaft will 
cause the same kind of a pound (this, however, is 
very rare). But if the driver will listen very closely 
he will discover that a crank-shaft bearing has a 
double pound with the knocks occurring very close 
together, so close that when first heard it will sound 
like one pound. 


A spark knock can be more readily felt than heard, 
because the power of the engine is being held back 
by its ewn ignition. 


A spark knock is due to advancing the spark lever 
too far, causing combustion to take place before 
the piston reaches top. 


A gas knock is due to an excess of gas, resulting, 
for instance, from suddenly opening the throttle 
wide open. This knock also results from too rapid 
combustion, but the gasoline we have today does not 
burn so rapidly as to cause a knock (see Index under 
“Gasoline).” For “carbon knock,’’ see page 170. 


A compression knock may result from any-_ 
thing which decreases the space between the head 
of the piston and the combustion chamber. 
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Detecting Location of Knocks in an Engine 
with an Air Pump 


._A device known as the “Chapman Trouble Finder’’! is 
illustrated below. This device will indicate knocks and leaks. 


Principle: It is equipped with the necessary connections to 
enable one to apply it to any make of car, and is a process con- 
sisting of alternately raising and lowering the air pressure within 
a cylinder causing all loose parts to rise and fall. hus, in 
doing so, they produce a knock, 


CONNECTS WITH 
SPARK PLUG HOLE 


Fig. 80 


How it is connected: It is to be used only when the engine 
is not running. 


Remove all spark plugs, screw the device in place of a spark 
plug, and turn the engine with the starting crank until air 
escapes through a small whistle near the bottom of the device. 
Then turn slowly, giving the whistle a chance to operate. 


When the whistle stops blowing for a short period, the piston 
is at top dead center of the compression stroke, Stop cranking 
the engine; push the handle of the finder down full length; 
grasp the finder with the hand so that the thumb or finger 
covers the hole in the whistle, and with the other‘hand on the 
handle of the finder you are ready for a test of leaky valves 
and rings, loose pistons, piston pins, connecting rods, and main 
bearings. 


Procedure of Tests 


Connecting rod: Bring the piston to top of the compression 
stroke. By the rapid movement of the handle all loose parts 
are caused to rise and fall, and can be plainly heard. By forc- 
ing the starting crank in against the end of the shaft, the jar can 
be plainly felt. This indicates a loose connecting rod, but if 
the noise is heard and no jar is felt, it is a loose piston Dine elt 
two knocks are heard, it indicates that both are joose. 


Piston side slap: If no knocks are heard or felt, turn the 
starting crank about six or eight inches, bringing the piston off 
center. Then move the handle rapidly up and down. If a 
clattering noise is heard it indicates a side slap, as pistons slap 
one wall and then the other. 


Leaky valves: To locate leaky valves, bring the piston to 
top of compression stroke and move the handle rapidly up and 
down with a full stroke, which causes the air to escape through 
the part that leaks. By listening at the breathing tube, if you 
hear a wheezing sound, it indicates a leaky piston. Wheezing 
at the exhaust valves indicates a leaky exhaust valve, 


Main bearings: To detect a loose main bearing, give the 
handle longer but equally rapid strokes up and down, placing 
your free hand on the crank or nub end of the shaft or upon the 
part nearest the main bearing. If the main bearing is loose 
you can feel a distinct rise and fall of the shaft. 


If directions are carefully followed and none of the troubles 
described above are located, the trouble may be a carbon 
knock or advanced ignition, or a loose part not pertaining to 
the interior of the engine. 


Piston Slap 


The usual cause of knocks has been discussed in 
the foregoing pages. Another knock (which is 
caused by loose-fitting pistons or by connecting rods 
out of alignment) is explained in the illustration 
(Fig. 81), and is called “piston slap.” 


- 1Can be secured of A, L. Dyke, Electrical Department, 
Granite Bldg., St. Louis, Mo., Price $7.50. 


This is a knock that is very difficult to locate. 
About the only means of locating it is with the 
sounding rod and to have someone short-circuit 
the spar plugs at each cylinder while the engine is 
running, in order to determine in which cylinder 
the knock is. If the knock ceases when one cylinder 
is cut out by short-circuiting the spark plugs, then 
ie as in which the knock is occurring has been 
ocated. 


The only remedy is to remove the pistons and to 
try them in the cylinder and to “feel” for looseness, 
or caliper the piston and cylinder wall to see what 
the clearance is. ‘It is also well to see if the con- 
necting rod and the piston are in perfect alignment. 
See Index under ‘Piston and connecting-rod align- 
ment. 


Bear in mind that a piston may slap when the 
engine is first started, but after it has warmed up 
and it expands, the knock may cease. Alignment 
of the piston and the connecting rod is an important 
factor also. 


Oversize pistons and proper alignment of the 
piston and connecting rod is the remedy for piston 
slap. It will thus be apparent that this kind of 
knock can occur even though the piston rings fit tight. 


Piston slap is the result of the piston striking first 
one side of the cylinder, then the other. The looser 
the piston is, the greater the slap. If the piston is a 
good fit, the slap is negligible, which is the case in 
the ordinary engine. The slap may be due to worn 
cylinders, to the connecting rod being out of align- 
ment, or, in the case of aluminum alloy pistons, 
or slightly loose cast iron pistons, it may appear only 
when the engine is cold, when the pistons are con- 
tracted and are much looser than when they are hot. 


There may be two or more distinctive piston slaps 
during the cycle. However, it is likely that the only 
one that can be heard is the one that occurs when 
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Fig. 81. 
num pistons, which, when cold, contract and leave a space 


Piston slap is a very common trouble with alumi- 


between the cylinder wall and the piston. After the engine is 
warmed up the pistons expand and the noise ceases. Aluminum 
expands twice as much as cast iron. The Franklin car over- 
comes this by cutting three slots in the skirt of the piston with 
a spring ring placed in the bottom which holds the lower part 
of the piston to the walls. As the expansion increases, the 
ring tension gives accordingly. See also Index under ‘‘Pistons. 


When the piston is on the compression stroke (A) 
(Fig. 81), it is in contact with the right side of the 
cylinder. As the crank pin swings by dead center, 
the inclination of the connecting rod is changed from 
right to left, thus forcing the piston to the other side. 
Under the full explosion pressure (B) the piston will 
strike a very heavy blow when it makes the change. 


The piston remains in contact with this cylinder 
wall throughout the stroke, and when lower dead 
center (C) is reached, the pressure on it is entirely 
relieved, so that it is quite likely that the piston is 
then more or less able to float between both walls. 


On the exhaust stroke (D) the piston is thrown 
gently to the right side of the cylinder, owing to 
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the downward pressure of the inertia, as well as to 
the slight exhaust pressure. It is very doubtful that 
this ever causes an audible slap. 


The piston remains in contact with this wall 
throughout the suction stroke (E); then the down- 
ward pulling force of the connecting-rod is resisted 
by the suction on the piston as well as the inertia. 


At very high speeds inertia may change some of 
the details of this explanation, but these can hardly 
be of interest or importance. 


Pre-Ignition: Cause of Knocks 


Sometimes it happens that the mixture is ignited 
before the ignition ignites it. This is termed “pre- 
ignition.” 

A rich mixture, or the burning of the lubricating 
oil, will leave a deposit of carbon on the piston head 
and combustion chamber. ‘The intense heat of the 
explosions after long-continued runs, will heat the 
carbon which remains red hot, thus igniting the 
mixture before the proper time. This causes knock. 


If the points of the spark plug are too thin and of 
poor material, they will get hot enough to glow in 
the same manner, and in such a case spark plugs 
with heavier points should be used. 


Small points of metal, the result of rough castings 
or other causes, should be filed down, by using a 
fine file. 


If the water circulation stops, or if the air cooling 
is not effective, the cylinder walls will get hot enough 
to ignite the charge, in which case the engine will 
continue to run after the ignition has been cut off. 
The remedy for this, of course, is to make sure that 
the engine is properly cooled, otherwise a “‘seized 
piston” will result. See Index. 


Eliminating Compression Knock by Adding a 
Gasket 


A knock caused by too high compression sounds like a carbon 
or advanced spark knock (see Index). The compression 
may be reduced by placing a thick gasket between the cylinders 
and the crank case. (This is seldom necessary on engines of 
modern construction.) 


This is sometimes desirable when the car is equipped with a 
heavy closed body. In such cases a better job may be done 
by making the thick gasket of cast iron, It is made in a 
similar manner, but must be planed or milled to a uniform 
thickness and with a smooth finish. Otherwise the cylinders 
will be thrown out of alignment or the joints will not be tight. 
Another method would be to use special pistons to decrease 
compression. 
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Fig. 82 Fig. 83 


Fig. 82. Tin template, and finished gasket. Lower cut 


shows gasket in position. 
Fig. 83. Gasket-cutting tool. 


Procedure of fitting a gasket: (1) Remove the cylinders. 
(2) Place the cylinders on a bench, and clean both the cylinder 
flange and engine base thoroughly. (3) From a sheet of tin, 
make a template (Fig. 82) which is an exact reproduction of 
the base of the cylinders, except that all the openings, such as 
piston and bolt holes, are about 1%’ larger than those in the 
cylinders. The template is used as a pattern for marking out 
and forming the cylinder-raising gasket, and permits the gasket 
to be made without going to the cylinder each time to see if it 
is being done right. A copper asbestos gasket does not have 
sufficient clearance to be used as a pattern. (4) Procure a 
sheet of red composition board 14” thick. (5) Using the 
template as a pattern, scribe out the cylinder and bolt the 
holes and the outside form to the red composition board. (6) 
Using a gasket-cutting tool, as shown in Fig. 83, and a drill 
press, carefully cut out the piston holes. Make these 1%” 
larger than the cylinder bore. (7) Drill the bolt holes slightly 
larger than the diameter of the bolts. (8) With a band saw, 
or key-hole saw, cut the composition board to the outside shape 
of the pattern. (9) Remove all burred edges with a file. (10) 
Place the composition board on the engine base, and bolt the 
cylinders in place, as shown in Fig. 82. Shellac should be used 
sparingly to prevent leaks. 


As a result of this the cylinders have been raised, giving a 
larger compression space and less compression. The result is 
that the compression knock disappears and the engine will pull 
much better on low speeds. 


Note. It will be necessary to readjust the valve rods after 
the cylinders have been bolted down securely. (Motor World.) 


Unless the compression is the same in all cylinders, the 
engine will not be in good balance and loss of power will result. 
The power lost when one cylinder does not fire is far more than 
one-fourth, and this is largely tne result of a loss of balance. 


To increase compression pressure: See Index. 
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INSTRUCTION No. 69 
ENGINE BEARINGS: Main Bearing Adjustments; Fitting Bearings; Scraping, 


Burning-In, Boring, Reaming, 


Lapping, Etc.; 


Crank-shaft Alignment; 


Cam-shaft Adjustments; Connecting Rod and Piston-Pin Bearings and 
Alignment; Relation of Vibration to Balance 


ENGINE BEARINGS! 


With the exception of lubrication, the most im- 
portant factor in the operation of an automobile 
is the condition of the bearings. 


The most important bearings in an engine may 
be classed in four divisions: 


1. Crank-shaft main bearings. 

2. Lower connecting-rod bearings: 
3. Upper connecting-rod bearings. 
4. Cam-shaft bearings. 


There are three different kinds of bearings: ball 
bearings, roller bearings and plain bearings. The 
last-mentioned is the type in general use. The ball 
bearings have been used to a, limited extent on the 
racing type of engines, and the roller bearing is 
seldom used at all. 


_ Ball bearings are sometimes used for main crank-shaft bear- 
ings, but very seldom. 


To insure success, they should be large. On the Stutz racing 
engine the balls are over 1’ in diameter. It must be remem- 
bered that the surface contact of a ball with its race is practi- 
cally a mathematical point. For thisreason they are not found 
to be successful for connecting-rod lower-end bearings, for the 
impact is too great for such a small surface. 


Where there is a whip, even of small degree, ordinary ball 
bearings should never be used unless they are of very great size. 
In a short, stiff shaft with a center bearing, ordinary sizes and 
types are satisfactory, but otherwise double-row bearings of the 
self-aligning order are used. 


Where a crank shaft is fitted with ball bearings, the crank 
shaft must either be a two-bearing crank shaft, as, for instance, 
the Autocar truck engine, which is fitted with a crank shaft of 
very large diameter, so that the bearings can be fitted at each 
end of the shaft, or, if more than two bearings are used, then 
the crank shaft must be of the built-up-type, as it would other- 
wise be impossible to place the ball bearings over the center 
bearings of the crank shaft. 


Roller bearings are likewisé seldom used. These have, of 
course, a very much greater contact area than ball bearings, 
and have been used in the connecting-rod lower end, but not 
as a general practice. 


Plain Bearings 


The plain bearing: This is the type most used. 
Formerly, hard steel and phosphor-bronze bushings 
were regarded as the best combination, but in 
modern practice, where large bearing surfaces can 
be used, white metal or babbitt bushings are usually 
employed in preference. 


In the case of small bearings which must sustain a 
heavy shock—such as, for example, the big, or lower 
ends of the connecting rods—white metal 1s scarcely 
hard enough to resist the spreading action of the 
impact. Phosphor-bronze, or a composition metal, 
is therefore necessary here; but where sufficient sur- 
face can be obtained to insure against this tendency, 
white metal—owing to its anti-frictional properties 
—is generally considered preferable. Since it is 
composed largely of lead, the result of a failure in 
lubrication from any cause is merely to melt it out 
without harming the shaft, which would probably 


1See Index under “Tractor and truck engine bearings.” 
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occur if a tough metal like phosphor-bronze were 
used, 


The secret, therefore, of a successful white-metal 
bearing, or indeed of a bearing of any kind, is a true 
and highly polished surface on the journal. The 
white-metal bearing can then be fitted compara- 
tively tight, and will rapidly accommodate its sur- 
face to that of the steel, and long life will be insured 
if the lubrication is correct. 


The essential requirements to be considered in a 
bearing bushing are that it should have anti-friction 
properties, so as to withstand the heavy impact or 
pressure against it during the hard pulls and high- 
compression impulses and at high speeds, without 
heating; it should be hard enough not to give, 
crack, or break under severe shocks and blows, and 
must be of such a construction as to be easily re- 
newed when worn. 


There are two kinds of bearing metals, (1) those 
which contain a greater percentage of copper and a 
small amount of softer metals, which are known as 
hard metals, such as brass or bronze; (2) those 
which contain a large proportion of tin or lead and 
a small percentage of copper, known as soft metals, 
as babbitt metal, anti-friction metal, and white metal. 


The soft metal is generally used because the bear- 
ing can be renewed more easily. The soft-metal 
bearing does not have sufficient strength, alone, to 
sustain the weight and impact of the rotating parts; 
consequently it is usually used as a liner in a bearing 
and bearing cap, and is thus termed a “bushing.” 


The soft-metal bushing, or babbitt, can be run in 
a molten state into the bearing shell or cap, which is 
composed of tougher and harder metals. 


White-metal bushings are usually die cast, and 
are placed into the bearings. 


The bearings which are most dealt with on an 
engine are the crank-shaft main bearings, the upper 
and lower connecting-rod bearings, and the piston- 
pin bearings. 


Crank-Shaft Main Bearings 


The main bearings of an engine in which the 
crank shaft revolves are usually constructed as 
shown in Fig. 1. : 


BUSHING 
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The upper part of the bearing is a circular depres- 
sion cast in the lower part of the crank case, into 
which is fitted an upper bearing bushing. 


The lower part of the bearing, which bears the 
weight of the crank shaft and the thrust of the im- 
pact of explosions, is in the form of a cap, termed a 
lower main bearing cap, which is fitted with a lower 
main bearing-cap bushing. This cap is held securely 
around the crank-shaft bearing by being bolted to 
the upper half of the bearing by cap screws. — It is 
made of steel or brass, or bronze. 


Bearing Bushings 


The upper bearing and lower bearing cap are 
lined, or bushed, with soft metal, such as babbitt 
or white metal. 


There are two kinds of bushings: the solid bush- 
ing which is not removable, and the die-cast 
bushing which is removable. 


The solid babbitt bushings are those where bab- 
bitt metal in a molten state, is poured, or run, into 
the upper bearing and the lower bearing cap, and 
thus they are lined with a stationary babbitt lining 
which cannot be readily removed. 


When bearings which are lined with babbitt metal 
become worn, the bearing cap can be drawn up by 
filing; or, if shims are used, they can be removed 
and the cap can be drawn up as the wear increases; 
or, if they are too badly worn, new babbitt bushings 
are run into the upper bearing and lower cap. 


The babbitt metal bushings as used on the Ford 
engine, for example, are of the solid type. In this 
case, the old babbitt is removed and the surface on 
which the babbitt is to be poured is tinned and the 
molten babbitt metal is run in around a mandril 
smaller than the shaft. A true bore slightly less 
than the shaft is then made with a boring tool and 
is reamed with a clearance for an oil film, after 
which the necessary oil channels are cut in the sur- 
face of the bushing. 


Die-cast bearing bushings are removable. They 
are cast in separate dies, with either steel, bronze, or 
brass backs lined with white metal or anti-frictional 
metal alloy, similar to babbitt. These bushings 
are fastened to the bearings and the bearing caps by 
means of rivets and pins, or screwed with counter- 
sunk screws—usually the latter. 


The split removable die-cast bushing just referred 
to is shown in Fig. 2. Another type of split 
removable bushing is shown in Fig. 3, known as the 
Ryerson reinforced bearing bushing, and consisting 
of a bronze or steel skeleton used in combination with 
babbitt or other bearing metals. 


Fig. 2. The die-cast split removable bushing. The part 
above fits into the upper bearing and the part ee fits ak 
the lower bearing cap. 


Die-cast bearings are usually constructed of a 
composition metal, die cast in a steel or bronze shell 
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Fig. 3. The Ryerson bearing bushing—a die-cast split 
removable bushing. 


under pressure, then soldered and locked at both 
ends, thus eliminating the possibility of the babbitt 
coming loose from the shells. The bushings are also 
sometimes all die-cast babbitt, without the bronze 
or steel back. 


When bearings which are fitted with die-cast 
bushings become worn, the bearing cap can be drawn 
up by removing the shims between the bearing and 
the bearing cap, or, if shims are not used, by dressing 
down the sides of the bearing caps. 


If badly worn or burned, the old bushings can be 
removed and new ones can be substituted, or old 
ones may be scraped without removing. Usually 
all that is necessary is to remove the shims and 
tighten up the lower bearing cap. 


Bearing Clearance 


The space between the bearing bushing and 
crank-shaft main bearing pin, when the bearing cap 
is drawn tight, is about .002”, this space being 
divided on both sides of the crank pin, making a 
clearance of .001” all around the circumference of 
the crank pin, which space is occupied by a film 
of oil. While this condition exists, and if the metal 
of the bushing remains hard without giving under 
the constant pounding of the power impulse and 
vibration, this oil film remains unbroken and the 
bearing remains in perfect condition. But the 
softer metal will, in time, give way to the pounding 
and vibration, with the result that the bushing will 
wear oval-shaped, because the weight of the crank 
shaft and the thrust of the power impulses will all 
concentrate on the lower bearing bushing. Most 
of the wear is thus at the bottom. In fact, practi- 
cally all of the weight and most of the wear is on 
the lower part of the bearing, called the lower bearing 
cap. For this reason there is not much wear on the 
top. The 1910 Ford engine did not have a bushing 
in the top of the crank-shaft bearing at all. 


If the bearing bushing is hard, or if a hard spot 
should develop in the bushing, the crank pin itself 
will wear flat on the pressure side. 


Whenever a bushing in the crank-shaft main 
bearing has become worn until the inner surface is 
no longer absolutely round, it makes itself known by 
a peculiar knock, perhaps more like a heavy rumble, 
or vibration, than a sharp distinct knock. This 
rumble is usually more noticeable at speeds of 35 to 
40 miles per hour. 


On examination it will be found that the fit is 
loose and that thé shaft has an excessive amount of 
“play” or lost motion; in the case of a main bearing, 
the shaft then is out of alignment. 
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The cause of bearing knocks: An article in the 
American Automobile Digest covers this point very 
clearly, and is as follows: 


“As soon as the clearance between the bearing 
and the shaft exceeds the natural thickness of the 
film, the rod will begin to knock. The oil film 
thickness varies with the grade of oil used and the 
pressure on the bearing. Common usage and 
design allow from one to two one-thousandths of an 
inch to be taken up by the thickness of the oil film. 
Bearings should not be allowed to run loose for any 
length of time; when the knocking or pounding is 


first noticed, time should be taken to make a proper 
job of bearing fitting and replacement or adjust- 
ment, as the case may be. If the bearing is allowed 
to pound, it will wear the crankpin oval, making 
it impossible to fit a new bearing perfectly without 
removing the crank shaft and having the pin 
reground to the proper size.”’ 


Oil grooves in bearing bushings are treated on 
page 171. Do not forget, when taking up on bear- 
ings, to examine the oil grooves. They may be 
worn thin, and should be opened up. 


MAIN BEARING ADJUSTMENT METHODS 


Where main crank-shaft bearing bushings are only 
slightly out of round, or worn, the bearing cap can 
be drawn tighter by adjusting the lower bearing cap. 


There are two methods for adjusting or taking up 
on a lower bearing cap so that it will be tighter on 
the shaft: (1) by removing the shims; (2) by dress- 
ing down the sides of the bearing cap. 


Usually, the rear main bearing, owing to the 
increased weight of the fly wheel, is the one which 
wears first, and usually the bushing in the lower 
bearing cap wears most. 


Adjusting a Bearing by Removing the Shims 


Taking up main bearings: First, take down the 
oil pan. To do this remove all the bolts under- 
neath, and all bolts at each end of pan. Then 
remove the lower oil pan. The bearings on most 
engines are fitted with brass or other forms of 
separators of a standard thickness, made up of thin 
shims in various gauges, .001’” to .005”’ thick. 


Shims: On modern bearings there are usually 
three shims of different thickness, under each side of 
the bearing cap, the thinnest shim being at bottom. 


Fig. 4. The laminum shim: Note the laminated layers of 
metal similar to thin brass. In the illustration, the top layer 
is being started with a knife blade, enough to get a hold, then 
it can be peeled off. (Laminated Shim Co., 533 Canal St., 
New York.) 


The type of shim generally used is the laminated 
shim shown in Fig. 4. It is made of thin layers 
(.001’” to .005” in thickness) of laminum, which 
can be peeled off as desired. This type of shim can 
be used in the main crank-shaft bearings and also in 
the connecting-rod lower bearings. 


To make proper adjustment, simply remove one 
or more thin shims from each side of the bearings. 


The bearing cap, usually referred to as the lower 
bearing, must be drawn up tight, not against the 
shaft, but against the shim or spacing sleeve. If 
drawn tight against the shaft, it will burn out, and 
if left loose, it will pound and perhaps strip nuts 
off the cap screws. A really good mechanical job 
cannot be made without shims or their equivalent. 


Adjustment of Reo Main Bearings; Removing 
Shims 
As an example of a main bearing adjustment, the 
main bearings on the Reo models ‘“T6” and ‘U6’ 
are shown in Fig. 5. 


The main bearings are adjusted as follows: 
Having removed the underpan from the chassis 
frame, unscrew the three small cap screws which 
fasten the cam-gear housing cover to the oil pan and 
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Fig. 5 


the 18 cap screws which fasten the oil pan to the 
crank case. If care is exercised, the oil pan may be 
dropped down without necessitating the draining 
of the oil or previous disconnecting of the oil pump. 


Now remove the locking wires which anchor the 
nuts. ‘Turning these nuts off their studs will permit 
the bearing cap to be taken off. 


Remove one lamination from each of the metal 
Spacing shims provided; replace the cap; tighten 
the nuts, and if the crank shaft still turns easily, , 
repeat the operation until a slight tightness can be 
detected. It is good practice to adjust each bearing 
separately. 


For example, let us suppose that with the spark 
plugs removed (thereby eliminating compression) 
the crank shaft can be turned over very easily. 
Commence with the first main bearing and adjust it 
properly, following the directions as given above. 
Were we to allow this bearing to remain properly 
adjusted, some difficulty would undoubtedly be 
experienced in detecting the exact tightness of the 
second bearing. ‘Therefore, in order to ascertain 
this point, slack off on the first bearing just a trifle. 


When the second bearing has been correctly 
adjusted, slack off on the nuts a trifle, and adjust 
the third bearing. 


After the fourth bearing has been adjusted, the 
other main bearings should be drawn up snugly 
and the locking wires replaced. 


Testing after adjusting: If the main bearings 
have been properly adjusted, no difficulty should be 
experienced in turning the engine over with the 
hand starting crank. 

When testing the bearing, keep in mind that while 
it should have no appreciable amount of looseness, 
this does not mean that the drag on the shaft should 
prevent its free rotation, or so that you can spin the 
crank shaft with the hand crank, with the spark 
plugs removed. . When all main bearings are prop- 
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erly adjusted and the caps are bolted in place, 
the crank shaft should be just loose enough in the 
bearing to permit revolving it by hand or turning 
it readily with the fly wheel, and without the assist- 
ance of a bar or pry. 


Remember, there is a possibility of getting the 
bearings too tight, and under sue conditions the 
babbitt alloy in the bushing is likely to cut out 
quickly unless precaution is taken to run the engine 
slowly for the first few days, with plenty of oil. 


When bearings have been taken up, replace the 
oil pan, being careful not to damage the gasket, and 
do not forget to see that all nuts are securely 
tightened and that the cotter pins are inserted. 


Note the Reo method of replacing the oil pan:, Care must be 
taken in replacing the oil pan, as there is danger of damaging 
the gasket for the cam-gear housing cover and causing oil to 
leak from the front end of the engine. A thin strip of tin placed 
over the gasket will serve as.a guide for the oil pan, and prevent 
damage to the gasket. Before fastening the pan in place, with- 
draw the tin strip. Best results can be obtained by fastening 
up the pan on the left side of the engine first. In this manner 
it is possible for one person to guide the pump plunger into its 
barrel while raising the right side of the pan in place. Before 
replacing the underpan, be sure that all cap screws are tightened 
securely. 


If the bearings of an engine are not fitted with 
shims, which is unusual, then it will be necessary 
to dress the sides of the bearing so that it will make 
a closer fit. 


Adjusting a Bearing by Dressing the Bearing 
Cap 


Where there are no shims between a bearing cap 
and the upper bearing by which adjustment can be 
made, as previously explained, the bearing cap must 
be dressed down so that it can be drawn tighter 
around the shaft pin. 


The bearing cap can be dressed off on the sides 
by filing (termed “draw filing’) or by dressing the 
sides down on a sheet of emery paper. This work 
requires careful and painstaking effort, and frequent 
inspection or checking while dressing down. 


When removing a bearing cap, always inspect the 
bushing to see if the babbitt is damaged to such an 
extent as to need scraping, or if the bushing is 
burned out or worn so thin that the bushings should 
be replaced. Usually the bushing in the lower cap 
wearsmost. Ifitisa solid babbitted bushing, a new 
cap with bushing in it can be used to replace the 
damaged one, or if it is a removable bushing, the 
bushings can be replaced. Usually, however, when 
this is the case, it will be found that all bearings 
must be replaced and properly lined up by scraping, 
or burning-in, or reaming, as will be explained 
farther on. 


If the engine is on the bench, it is also advisable 
to inspect the crank-shaft pins and see if they are 
smooth and are not scored or cut, or worn oval or 
flat, or out of round, for if they are, then the attempt 
at adjustment will be time lost. 


In this case, the crank shaft should be removed 
and tested (explained farther on), and bushings 
properly fitted. 


If the crank-shaft pins are in good condition, and 
the babbitt bushings have not been damaged, the 
cap can be dressed down by draw-filing with a large 
mill file, as shown in Fig. 6. The repairman must 
exercise great care to hold the file squarely on the 
cap (see Index under “Draw filing’). 


When the cap has been dressed down sufficiently, 
try the surface of the cap for high spots, by holding 
a scale across it at several points and angles, as 
shown in Fig. 7, or try it on a surface plate (a smooth 
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steel slab) by tapping the cap lightly with the fingers 
at several points to note any shght variation in the 
surface. Ifthe cap is rubbed lightly over the surface 
plate and dark spots appear on the surface, these 
are the high spots and they should be dressed off 
with the file until they are distributed evenly over 
the surface of the cap. 


Another method for dressing a bearing cap down 
on the sides, especially where one is not an expert 
with a file, is to cut the edges or sides of the cap 
down on a sheet of emery cloth glued to a perfectly 
flat hardwood block, a sheet of glass, or a steel 
surface plate. Any workman can perform the job 
successfully this way. 


Unless filing is carefully done, the edges of the 
work are practically certain to be filed out of line, 
resulting in twisting when the cap is pulled down. 


To test after adjusting: The bearings should not 
be fitted too tight or too loose. Follow the plan for 
testing the resistance of the crank shaft in the bear- 
ings after adjusting, as given on page 786. 


Note: When removing bearing caps, be sure to 
mark them so that they can be replaced, and always 
put oil on the bushings when replacing a cap. 


On most engines the main bearing caps, as well as 
the connecting-rod caps, can be taken up or adjusted 
by removing the oil pan and without removing the 
engine from the frame, or the crank shaft from the 
engine. On the Ford, the front and center main 
bearings can be adjusted without removing the 
engine; but in order to do any work on the rear 
main bearing, it is necessary to remove the engine. 


Renewing Damaged Bearing Bushings 


Where a bushing is damaged by being burned, 
scorea, or worn thin, it must be renewed either by 
fitting new bushings, if of the removable type, or by 
rebabbitting, if of the solid babbitted type. 


Crank-Shaft Alignment 


When doing this work, the important point to 
bear in mind is that the crank-shaft main bearing 
pins must be in perfect alignment with the bearings. 
If one bearing bushing surface is lower or higher 
than the others, this will cause great vibration as 
well as wear. Thus the purpose of fitting the bear- 
ings is to align the bearing surfaces to the crank- 
shaft main bearing pins. 


Inspect the crank-shaft bearing pins before fitting 
bearings: Before fitting the main bearings or con- 
necting-rod bearings to a crank shaft, it is necessary 
to test the crank shaft to find out if it is out of align- 
ment itself, by being bent or sprung, or if the bearing 
pins are worn flat or oval, or if they are scored, cut, 
or rough (explained farther on). 
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METHODS OF FITTING AND ALIGNING BEARINGS TO THE CRANK SHAFT 


There are several methods of fitting and aligning 
bearings to the crank-shaft main bearing pins: 


1. By “spotting-in” and scraping. 

2. By_boring, then reaming, then “spotting-in”’ 
and scraping, then “‘running-in” in oil. 

3. By boring, reaming, and burning-in, which might 
be termed ‘‘melting-in”; then “running-in”’ in oil. 

4, By boring, then reaming, then “running-in” in oil. 


Hither of these processes can be used, and all are 
intended to accomplish the same purpose, that is, 
to give a good bearing surface and to align the bear- 
ings with each other and to the crank-shaft main 
bearing pins. 


Spotting-in and Scraping a Main Bearing (1) 


Usually, for all ordinary wear, the adjustment of 
bearings is all that is necessary (for removing shims 
or dressing the sides of the bearing caps as the wear 
increases; more often by removing shims), and the 
removal of the oil pan is usually all that will be 
required. 


Where bearings are spotted-in and scraped, it is 
necessary to remove the engine from the frame of 
the car. 


To scrape and spot-in bearings: Remove the 
engine from the frame by means of a hoist or other- 
wise; remove the pistons; remove the oil pan and 
cylinders, or the cylinder head, if of a detachable 
type. 

Mark each part when removed: Before disas- 
sembling the bearing caps to remove the crank shaft, 
the timing gears should first be carefully marked, as 
also the pistons, etc., that were removed, so that 
they can be assembled later on in their proper place. 
Usually, the connecting rods and caps are marked 
as shown on page 800. 


Turn the crank case on its side, preparatory to 
removing the crank shaft. The crank case will 
then look something like that shown in the illustra- 
tion (Fig. 8). 
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Fig. 8. Crank case with crank shaft in place (Nash ‘six,’ 
series 681 engine): (1) front bearing cap; (2) oil ducts to carry 
oil back in crank case; (3) crank-shaft, front bearing screw; 
(4) connecting-rod lock nut; (5) connecting-rod bolt; (6) con- 
necting-rod cap; (7) cam; (8) ignition distributor (Delco) ; 
(9) and (10) set screws for distributor; (11) oil pipe from pump 
to distributing tube; (12) oil-pump screen; (13) center bearing 
cap; (14) center-bearing lock screw; (15) crank shaft; (16) 
connecting-rod shims; (17) rear-bearing cap; (18) rear-bearing 
lock screw; (19) crank-shaft fly-wheel flange. 


The oil-pump screen (12) is removed, as well as 
the fly wheel, by disconnecting it at the crank-shaft 
fly-wheel flange (19). Mark the fly-wheel bolt holes. 


The connecting-rod caps are then removed and 
marked, as are also the connecting rods themselves. 


The crank case is then turned up-side-down, and 
the main bearing caps (1, 13, and 17) are removed. 
Be sure to mark each one carefully. 


The crank shaft is then removed and the work of 
spotting-in and scraping will be done on all of the 
upper bearings first, in order to have the crank shaft 
align with them. 


Before proceeding further, the crank shaft should 
be inspected for alignment, etc., as outlined on page 
792, and as will be explained farther on. 


After determining that the crank shaft is in per- 
fect condition, the next procedure is to “spot-in” 
and scrape the upper bearings. 


Spotting-In and Scraping the Upper Main 
Bearings 


Clean the crank-shaft main bearing pins and 
upper bearings with a soft cloth and wipe perfectly 
ry. 


Then give the crank-shaft main bearing pins a 
very light coating of blue, or marking compound. 


The marking compound is Prussian blue which can be secured 
at any supply house, and comes ready mixed (lamp black is also 
sometimes used). A little dab on the fingers is sufficient to 
wipe on the shaft, as a very light coat is required. If too much 
is given, it will run all over the bearing, and spots will show 
which should not be scraped. 


Put the crank shaft in place, and revolve it several 
times in the upper bearings by hand. 


Remove the crank shaft and note in what manner 
the blue has spotted the upper main bearings. The 
“high spots” inside the bearing will be found marked 
in blue, showing that at these points the crank 
touched; but the part which is white was not 
touched by the crank. Therefore the problem is 
to get the high spots down until the bearing will 
mark, or have a blue surface, all over. 


This is accomplished by scraping the high spots 
down, as in Fig. 9, with the scraping tools shown in 
Fig. 10, which can be secured at any supply house 
or can be made of old files. This isa slow, tedious 
job, for if too much metal is removed it cannot be 
replaced. 
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This marking, or “‘spotting-in” and scraping pro- 
cess is repeated from time to time till the whole sur- 
face is marked, as shown in (D) (Fig. 11). In 
practice, it is not possible to get every white mark 
off the bearing; therefore continue the scraping and 
spotting-in until at least three-fourths of the total 
surface is blue, and the rest will wear in. 
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Fig. 11. Showing appearance of markings as the scraping 
proceeds. 


After the scraping is done, the burnisher shown in 
Fig. 10 may be run over the entire surface of the 
bearing to shine it up and smooth the surface. 
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If, when first placing the crank shaft in the upper 
bearings, it is noticed that the end bearings are 
colored and the center one is not, it is an indication 
that the center bearing has received more wear than 
the end ones, and that the end bearings must be 
reduced in height to bring them down to a perfect 
line with the center one. 


If the center bearing and only one of the end 
bearings is colored, it indicates that one of the end 
bearings has worn more than the other two, or that 
the center bearing has not received as much wear as 
both end bearings. 


Whichever may be the case, the remedy is to 
scrape the babbitt bearing metal at the required 
points until the three (or whatever number of bear- 
ings there may be) are in perfect alignment with 
the crank shaft. 


While marking or “spotting-in” these bearings, 
the weight of the crank shaft 1s sufficient. Do not 
put on the caps at all, as they would force or spring 
the shaft down and mark the low part of the bear- 
ings. 


Spotting-Im and Scraping the Lower Main 
Bearing Caps 


After the upper main bearings are completed, the 
lower main bearing caps are treated in a similar 
manner, being scraped down to a perfect marking. 


A very important point is to “‘spot-in” and fit the 
rear cap first and to test it for stiffness; then loosen 
it, then “spot-in” and test the next, and loosen it, 
and the other likewise. After doing this, tighten 
down onall. Otherwise, if each bearing is tightened 
as you proceed, the bearing being fitted could not 
be properly tested for clearance. 


Clearance: After spotting-in and scraping the 
main bearing caps, the caps are tightened down and 
“run-in” by belt power, using plenty of oil. The 
caps are then removed, the bearing surface is 
examined, then replaced, and proper clearance is 
given by removing a shim, if necessary. 


Adjusting and testing: When the lower caps are 
fitted and the nuts are drawn up tight, the shaft 
should turn with some resistance. Some repairmen 
judge the amount of resistance by being able to 
move the crank shaft with one hand as shown in 
Fig. 12. The bearings must not be so tight that 
they will overheat and seize. 


Fig. 12. Testing tightness of main bearings. 

_ Care should be taken in setting up a scraped bear- 
ing not to have it as tight as a new bearing, as the 
metal in the old bearing has been compressed and 
will not seat itself and wear down, as in the case of 
anew one. The bearings should not be set up so 
tight that the crank shaft cannot be readily turned 
by the hand. 


If the shaft turns too hard, do not think that 
loosening up the nuts is the remedy. In such a case 
an extra thickness of shim brass will have to be put 
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in, so that the nut can set down tight and still allow 
the shaft to turn. 


If the bushing or metal babbitt lining in a cap is 
worn badly or is very thin, then new bushings or a 
new babbitted cap will be necessary. The fitting 
process will be necessary just the same, however. 


Bearing Pointers 


After fitting the bearings, run the engine at 
moderate speed for the first 500 miles, using plenty 
of good oil to work the bearings in. 


Before marking and after scraping, dust all the 
metal chips out with a small paint brush. 


See that the oil grooves are not clogged, and are 
deep enough. 


Wash all parts off with gasoline or kerosene. 


Have the scrapers sharp, and never try to scrape 
with nicked scrapers. 


In renewing bearing bushings, care must be taken 
to see that they are of about the same thickness of 
metal as the original ones. _ If too thick, the pistons 
will be pushed higher into the cylinder and will alter 
the compression and cause vibration. On two-cycle 
engines it would change the port timing. 


If the crank shaft and timing gears do not mesh 
deep enough, after scraping the bearings, they will 
be noisy. Therefore this must be observed, and 
the upper half must be scraped more to permit a 
deeper mesh, if necessary. 


After fitting bearings, never turn the car over to 
the owner with the bearings so tight that it is diffi- 
cult to start the engine with the starting motor, 
otherwise he will run the battery down in cranking 
the engine. It is best to have them moderately tight, 
and then, after the car is driven for about 1,000 
miles with plenty of oil, to examine the bearings 
and see if the cap should be adjusted. 


End Play in Main Bearings 


End play in main bearings is caused by Wear, and 
the usual remedy is to put in new bearing bushings. 
Nevertheless, a fairly good repair can be made on 
the old bearings by building up babbitt at the ends 
with a soldering iron and some special solder. 


_ The solder is made in the proportions of pure block 
tin, 1 lb., to half-and-half solder, 34 Ib. ‘These are - 
melted together and poured into sticks. Muriatic 
acid with zine (see Index under “Soldering acid’’) is 
used to clean the surface, and the soldering is done 
with a well-tinned iron. After the end of the bear- 
ing has been built up, it is then scraped to fit. 


On some engines the crank-shaft gear can be 
removed, and a large washer is placed between the 
end of the bearing and the gear, 


Boring, Reaming, Spotting-in, and Scraping 
Main Bearings (2) 


This is another process for aligning the bearings 
with each other and with the crank-shaft main 
bearing pins, which is similar to the scraping process 
except that two other operations are added. ( 


The main bearing caps are fitted in place (the 
crank shaft removed), and then the Beets 
bored out on a boring machine designed for the 
purpose. They are then reamed with a special 
reamer, Similar to that shown in Fig. 21, page 790, to 
about .001” larger than the crank shaft, 
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_ The crank shaft is then put into place, and Prus- 
sian blue is used for spotting-in the high spots, 
which are scraped down as previously explained. 


After these processes are completed, the crank 
shaft is run-in by belt power, using plenty of oil, 
until the crank shaft can easily be turned by hand. 


Boring, Reaming, Burning-in, and Running-in 
Main Bearings (3) 


The burning-in process is supposed to take the 
place of scraping. By this process, the bearings are 
aligned with each other and to the crank-shaft pins. 


The theory underlying the process of burning-in 
bearings is that if a very thin skin of the bearing 
metal next to the shaft is heated almost to the melt- 
ing point while the shaft is revolving, it will form 
itself to a 100 per cent running fit. Such perfection 
is, of course, impossible of attainment. However, 
the process approaches it closely enough for all prac- 
tical purposes. 


_ There is some difference in the procedure, depend- 
ing upon whether the bearing is die cast or of the 
plain babbitt cast. 


In the first case, it is best to remove any gears 
meshing with the crank-shaft gear, for the reason 
that so much bearing metal may be shifted that the 
gears willnot bind. If, after burning-in, gears mesh 
too deeply, the trouble can be easily remedied by 
placing shims under the upper bearing bushings. 


If the bearing bushings are badly worn or thin or 
loose, then new bushings must first be fitted, either 
by installing removable bushings or casting the 
plain babbitt bushings. 


Tf only the lower bearing is worn and it is a babbitt 
bearing, as on the Ford, a new cap with a babbitt 
lining can be secured. Usually the upper bearing 
can be used without rebabbitting. 


The die-cast bearing bushings are of the removable 
type, with either brass or steel backs. They are 
fitted into the engine cylinder block bearing and cap. 
This type is most commonly used, as such bushings 
can be very easily replaced. 


The other type is the solid babbitted bearing, 
which is stationary, being babbitted into the cylin- 
der-block main bearing and cap. 


Main bearings may be burned-in instead of 
replaced if the bushings are not loose or worn too 
thin, as the burning-in operation removes the worn 
surface of the bearing and refinishes it as good as new. 


As an example, the process of fitting bearings to 
a Ford engine will be explained. 


Babbitting: The first process is to rebabbitt the 
bearings if necessary. Usually, it is not necessary. 


Boring: The main bearing caps are first fitted in 
place; then the bearings are bored out on a boring 
machine, as illustrated in Fig. 20, page 789. 


Reaming: After the bearings have been bored out, 
they are then align-reamed to 1.249’’ which is .001” 
larger than the crank shaft (the crank shaft is 1.250” 
in diameter). See also page 714, Fig. 76, for another 
type of an aligning reamer. 


Fitting and testing crank-shaft and bearing caps: 
After the main bearings have been properly reamed 
with a bearing-aligning reamer, or roughly hand 
scraped, as the case may be, the crank shaft is 
installed by removing the bearing caps. _ Before 
installing the crank shaft, test it, as explained on 
pages 791, 792, 793. 


Fit No. 1 bearing very tightly by shimming, 
leaving a “rock” of from .004’’ to .006”, that is, in 
such a manner that, with the shims in place, it will 
be impossible to push the bearing cap down to them 
by hand. The proper distance can be measured 
with a feeler gage. For instance, a distance of 
.005’” on one side with the cap pulled down to the 
shims on the opposite side is equal to .0025”’ on each 
side when the bearing is exactly centered on the 
shaft. Should it be impossible to fit closely enough 
by shimming, the bearings may be dressed off on 
the sides. 


After fitting No. 1 bearing, loosen it, and proceed 
with the remaining ones, loosening each as it is 
finished. 


Sometimes a small high spot in the bearing will 
deceive one into the belief that the hole is tight. 
This condition must be guarded against. If such a 
condition is suspected, the surfaces should be coated 
lightly with Prussian blue or lamp black and tried 
by installing the part, pulling it down lightly, and 
turning the shaft. 


High spots should, of course, be removed with the 
reamer or by hand scraping. Errors had best be 
made on the side of looseness until experience is 
gained, as with all bearings pulled down tight, the 
shaft is subjected to a tremendous strain, which may 
spring it. 

The bearing caps are then drawn down tight on 
the crank shaft, one at a time, and are then tested 
out with the turning bar or lever, approximately 


——————————————————————— 


three feet long, which has two pins in it and fits 
into the flange of the crank shaft. 


Burning-in the main bearings: Each bearing 
should be shimmed up to the same amount of tight- 
ness, and should then be put in the burning-in 
machine (Fig. 13), connected with coupling (D), 
then clamped tight with clamp rods (CC). 


Burning-in Crank Shaft(F) 


-Dri hi 
par rise Conpuns Bearings (G), 


188 r, p. m 
Clutch Handle C 
Clutch Wheel By 


ott jy atGe | 
———S 


Burning-in the 
A belt drives 
The power is then transmitted through a clutch 


Fairbanks burning-in machine. 
main crank-shaft bearings on a Ford engine. 


Fig. 13. 


the fly wheel. ( b r 
to the gearing, thence to coupling (D), which drives the crank 
shaft (F) at 188r.p.m, Thesame operation is used for burning- 
in the lower connecting rod bearings. The base (I) permits 
the pistons to pass the cylinder block slightly when burning-in 
the connecting-rod bearings. (Manufactured by the Fairbanks 
Co., Service Station Equipment Division, 3701 South Ashland 
Ave., Chicago, Ill.) 


The machine is then started by means of the 
hand lever (C) which operates the clutch, and the 
crank shaft is revolved at 188 r.p.m., by belt power, 
for about 30 to 40 seconds, until the bearings begin 
to burn and smoke. 


The hand wheel (B) (Fig. 13) is for the purpose 
of testing the bearings to see if the burning-in opera- 
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tion is completed. When this wheel can easily be 
turned by hand, the bearings are finished. 


Usually, the main bearings are burned-in for 
about 30 or 40 seconds, then oil is poured on the 
bearings, and after about 30 seconds more, oil is 
again poured on the bearings. After about 2 to 5 
minutes the clutch lever (C) is thrown out, and the 
bearings are then tested by means of the hand 
wheel (B). If the crank shaft cannot be turned by 
one hand, then the operation of burning-in is 
repeated for a few seconds. 


If one bearing should not get as hot as the others, 
the operation should be stopped and either shims 
should be removed or the cap should be draw-filed 
to tighten on the bearing, thus insuring its being 
burned-in the same as the others. 


After the burning-in of the main bearings, the 
engine 1s removed from the machine, all surplus 
metal is scraped out of the oil grooves of the bearings, 
and the caps are replaced and lubricated. 


Burning-In Connecting-Rod Lower Bearings 


The main and connecting-rod bearings had best 
be burned-in separately, the former first. 


In order that no time need be wasted, the con- 
necting rods should have been fitted to and aligned 
with the pistons and the whole assembly prepared 
in advance of the foregoing operation. 


After the main bearings have been burned-in and 
lubricated, the pistons and connecting rods are 
assembled to the engine, after the pistons and 
connecting rods have been tested on the alignment 
device, as will be explained farther on. The engine 
is then returned to the machine; mounted on the 
same base (I) (Fig. 13), which permits the pistons 
to pass cylinder head block slightly. The operation 
is then the same as the burning-in operation on the 
main bearings just explained. 


It is well to relieve the tension on the main bearing 
caps slightly while burning-in the connecting-rod 
bearings. When burning-in the connecting rods, it 
is important that, though the pistons and cylinders 
and main bearings are flooded with oil, the connect- 
ing-rod bearings should be kept dry until the run- 
ning-in in oil process is reached. Should they get 
even a few drops of oil, they will remain tight and 
not burn. 


Test with the hand wheel (B) to see if the work is 
completed, and when the hand wheel (B) can be 
turned over freely by hand, the connecting-rod cap 
is removed, the oil groove is scraped out, and the 
job is reassembled. 


The engine is now ready for running-in in oil, or 
burnishing. The main bearing caps are tightened. 


Running-in in Oil or Burnishing, Main and 
Connecting-Rod Bearings 


The engine is returned to the machine in an up- 
right position, and instead of base (I) being used, 
the upper half of the crank case is bolted to the oil 
sump on the machine at (M). The oil sump is filled 
with oil to the oil level (Mig. 14). 


The engine is run at 550 r.p.m. until it is limbered 
up to the extent that it is possible to turn over the 
crank shaft by the hand wheel. 


After this operation is completed, the engine is 
ready for complete assembly and for adjusting, test- 
ing, and inspection, before installing it in the car, 
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Cyl. Block (H) Up-Right 


tch Handle C4] 
as For Running-in Oi! 


Clutch Hand 


Wheel——_, 


Fly Wheel 1 


4 J-Drive Coupling 
Speed 550 r. p. m. 


Fig. 14. Fairbanks burning-in machine being used for 
running-in the engine bearings in oil, The main and connect- 
ing-rod bearings, and the piston and piston rings are also run-in. 
Note that the lower coupling (J), which turns the crank shaft at 
550 r.p.m. is used in this instance. 


Testing, Adjusting, and Inspecting Engine ou 
Machine 


The next operation is to test the engine under its 
own power on the machine, as illustrated in Fig. 15. 


aot es = 


Gasoline Ignition py Testing, 
k Coil" }}\ Adjusting Engine 
Ss. Tt 


te 


Fig. 15. Fairbanks machine being used for testing, adjust- 
ing and inspecting engine under its own power, before installing 
in car. Note that the stand (SS) has been attached to the 
machine for this purpose. 


After the engine has been completely assembled, 
it is then connected to the machine with the fixture 
(SS), as shown in Fig. 15; it is then connected with 
the gasoline tank, which is furnished with the stand. 
The ignition system is then connected with the bat- 
tery, and hose connections may be made for running 
water through the cylinder blocks for cooling. The 
ery should be piped out-of-doors to eliminate 

umes. 


After the engine is ready for this operation on the 
machine, the clutch (C) is thrown in and the engine 
is run until it starts under its own power. The 
machine is then shut off and the transmission of the 
engine is set at neutral point and the engine is run 
until freed up to the point of being able to crank 
easily by hand. : 


After all adjustments for oil leaks, ignition, valves, 
etc., are made, the engine is ready to be placed in tlr 
car. It is far better to exercise the several test: 
described, rather than to have to tear it out again 
for some trivial reason which could not be detected 
until the engine had been replaced. 


_ As previously stated, the Ford crank-shaft bear- 
ing pins are 1,250’ in diameter. When the aligning 
reamer 1s run through the bearings, they are reamed 
to 1.249’ in diameter. When the burning-in opera- 


- tion is completed, the final clearance will be changed 


from 1.249” in diameter to about 1.252’ in diameter, | 
thus giving a clearance between the bearings and. 
crank-shaft pins of about .002’’, or approximately 
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the amount which was melted down in the burning- 
in process. Thus a clearance is gained for the film 
of oil which is necessary to lubricate the bearings. 


A Home-Made Running-in Machine 


A very good home-made outfit can be made by 
using an old transmission to take the place of the 
clutch. The three forward speeds can be used to 
give different ratios of speed. 


EXHAUST 


WATER 
OUTLETS 


FLEX\BLE 
TUBING 


UNIVERS, 
JOINTS 


Fig. 16. Home-made running-in machine. 


The outfit is shown in Fig. 16. The frame is con- 
structed of heavy structural steel, riveted and 
welded together as shown. Universal joints of the 
flexible type are used. ‘Two line-shaft hangers are 
bolted to the floor to serve as bearings for the 
driven pulley and shaft. The shop line-shaft is 
used to drive the device, and pulleys can be fitted to 
give the necessary speed of about 400 r.p.m. 


’ The engine can be tested on the same stand, and 
if there is not too much line-shafting connected to 
the drive pulley, the engine can drive the, shop 
machinery so as to assist further in testing it out 
under load. 


Another simple method for running-in an engine 
after it is overhauled is to connect the front end of 
the crank shaft to a shaft driven by belt from the 
line-shafting. This coupling may be of the starter- 
crank type. 


Fig. 17. Simpie method for running-in an engine. 

The engine should be supported on a low stand 
and the driving shaft should be provided with a 
universal joint. The shaft is mounted by bolting 


it to the legs of a lathe or planer, as illustrated (Fig. 


17), and the shaft is driven directly from a pulley on 
the line-shafting. 
‘LAG SCREW WITH SHANK THREADED 


e neers $f) PULLEYIN == REGULAR FRONT 
Nem 4 i | £ OF FRAME BEARING 


Fig. 18. Home-made Ford engine Sipael 


Another method for running-in a Ford engine is 
to construct an engine stand of heavy wood (Fig. 
18). A regular front bearing-bracket of the Ford is 
attached to the stand to form the support for the 
front end. 


Boring, Reaming, and Running-in Main 
Bearings (4) 


In order to fit main bearings properly on a Ford 
without using the burning-in process, the K. R. 
Wilson method may be used to advantage. 


Mr. Wilson has spent considerable time in 
research on this particular subject, and in doing so, 
has developed a combination machine that is well 
adapted for shops doing Ford work. 


If we expect the same results from a rebuilt 
engine as we do from a new one, the following are 
essential: (1) new bearings and wearing surfaces; 
(2) perfect mechanical alignment. To make it 
possible to do this work quickly and accurately the 
appropriate machine tool equipment is necessary. 


The K. R. Wilson process consists of boring out 
and then align-reaming the bearings to .001” larger 
than the diameter of the crank shaft. 


The fallacy of tight bearings: The common mis- 
take of most mechanics is their desire to see a bear- 
ing “spot-in” all over even though it shall be so 
tight that it cannot be turned without a long lever. 
That idea is wrong owing to two considerations: 
1. Expansion which results from the heating up of 

the motor after it is started. 


2. Clearance must be allowed for the oil film. 


A tight bearing means metal-to-metal contact. 
This, in turn, means that there is no room for oil, 
and the resulting friction will cause the bearing to 
wear until a .00214” to .003” clearance is created. 


To prove this, fit up a set of bearings tightly by 
any known process, whether hand scraping, burning- 
in, orreaming. Put the motor in a car and run 200 
miles. Pull the motor down for inspection; remove 
any bearing cap; lay a .003” feeler-gauge on the crank 
shaft; replace the bearing cap, and tighten it down 
to its original position. Then see how easily you 
can turn the shaft by hand by grasping at the crank 
pins, without any increased leverage. The result 
proves that the time spent in trying to get a tight, 
perfect fit. was wasted. 


Procedure: We will first consider the method of 
fitting bearings to a,new crank shaft. The case of 
a worn crank shaft will be taken up later. 


Re-babbitting: The old babbitt is impregnated 
with grit and metal particles—so-called abrasives— 
and if “just tightened up,” as in ordinary practice, 
will soon cut themselves out again ahd become loose. 
Therefore the bearings should be ruffed up with 
emery cloth and re-babbitted as shown in Fig. 19. 
The same treatment should be applied to the bear- 
ing caps if old ones are used. However, it is better 
always to buy new caps. 


Fig. 20 


Fig. 19 
Fig.°19. The Wilson combination machine being used to 
babbitt the upper main bearings on a Ford engine. 
Fig. 20. The same machine boring out the babbitted main 
bearings, with caps in position. 
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Babbitt contains 86 per cent tin, 7 per cent copper, 
and 7 per cent antimony. The metal is usually 
heated to at least 800°, while the tin melts at a very 
low temperature of 450°. It will start to oxidize 
and to form a dross on top of the metal: a great 
many repair men think this is dirt, but it igs tin. 
Consequently, each time you skim it, you are reduc- 
ing the percentage of tin, and the babbitt becomes 
harder and harder. 


Boring the bearings: After babbitting, place your 
bearing caps in position, bolt down tight, and bore 
them out together with the upper half of the bear- 
ings. This operation insures perfect alignment and 
correct cam-shaft gear centers. The boring is done 
with three fly cutters, as shown in Fig. 20. 


The object of this operation is to prepare the 
bearings for align-reaming. To do this, the fly 
cutters are adjusted to bore the bearings so that they 
will fit the pilots of the reamer. 


The main thing to remember in this operation is 
that thebearings should be bored so that with the 
pilots of the main bearing reamer in the bearings, 
and the caps on and pulled down, you should be 
able to turn the reamer by hand. It is also impor- 
tant that they be not too loose. The correct size 
is 1.244”, 


Align-reaming: The boring of the fly cutters is 
dependent on the hardness of the babbitt. We 
have already seen that we change this hardness by 
skimming; therefore we cannot depend on fly cut- 
ters for accuracy. 


It is therefore necessary to provide some other 
means for properly finishing the bearings and bear- 
ing caps after they have been rough bored. To do 
this a power-operated aligning reamer .001’ larger 
than the crank-shaft bearings is used (Fig. 21). The 
Ford crank shaft is 1.248’; the reamer is 1.249’. 
It is equipped with pilots ahead of each cutter. 


Fig. 21 


Fig. 22 
Fig. 21. Alignment of bearings by reaming the bearings 
with caps in position. 


ae 22. Running-in the bearings with the crank shaft in 
place, 


Place the reamer in position; replace the bearing 
caps that automatically line themselves up; then 
align-ream, 


When the reamer is removed and the fillets on all 
three bearings are touched up with a hand scraper, 
and the crank shaft is placed in osition, draw 
down the caps tight, and you will Ree a perfect 
mechanical fit, .001” larger than the crank shaft. 
One reason for running in the extra .001 14” required 
for an oil film, instead of reaming it, is to permit the 
bearing to conform to the shape and alignment of 
the crank shaft. The fit is snug, but not tight. 
You should be able to turn the crank shaft with 
your two hands without the aid of increased leverage. 


In connection with the use of this reamer, it is 
well to remember that it should be kept well oiled 
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because it will produce much better jobs and the 
life of the reamer will be increased. 


Another point to bear in mind is that the maxi- 
mum cut which can be made with a reamer is 
approximately .007’’. 

Running-in: The reaming process gave us a 
clearance of .001’; this is not sufficient. Oil the 
crank shaft (castor oil is preferable). Then the 
engine should be “run-in” with the Wilson machine 
(Fig. 22). 

A half hour’s running-in at normal speed creates 
the proper oil clearance, but does not destroy the 
babbitt or spring the crank shaft. With 20 to 1 
worm gear and 31% to 1 belt reduction, the total 
ratio is 70, and the machine may be driven with a 
1 h.p. motor or a line shaft. 

Worn crank shaft: In the case of a worn crank 
shaft, the very first thing to do is to take your mi- 
crometer to determine the exact size of the front 
crank-pin bearing. If you find it worn more than 
-006"" under size (or 1.242”), it is a good plan to 
measure at points 90° apart, and if you find it out 
of round more than .00214”, you might just as well 
discard it and save any possible trouble. 

If it is not worn more than .006” on the ecrank- 
pin bearing, it will never be worn more than .001” 
to .003’” on the main bearing, and usually only 
around .001’’ to .00114” at the most, as the main 
bearings do not interfere in proportion to the crank- 
pin bearings. ; 

Therefore bore out main bearings with your fly- 
cutter boring bar and jig, and, previous to reaming, 
place shims underneath the bearing caps to raise 
them up equivalent to the amount of undersize of 
that particular bearing. Proceed with placing the: 
caps in position and draw them tight, then ream. 
After they have been reamed, remove the shims, 
replace the crank shaft, and draw the bearing caps 
down tight. You will then have a mechanical fit 
similar to that described for a new crank shaft. 


Conclusion: Use plenty of good oil on the bear- 
ings while they are limbering up. Following this 
process, after the car is run for 300 to 500 miles, 
instead of a recurrence of the familiar thump, you 
will have a quiet motor and can be positive of 
having perfect, long-lasting bearings. 


This operation of boring out the bearings and 
bearing caps simultaneously (Fig. 20) and then 
align-reaming (Fig. 21), as stated by Mr. Wilson, 
is the same method used by the Ford Motor Co. 
and many other manufacturers of automobile 
engines in the United States. The fact that their 
motors built by this process stand up is proof that 
the process is right in principle. It saves two to 
three hours over the common practice of boring out 
the upper half of the main bearing and then “‘hand- 
scraping” the caps into position. 


Fig. 23. A machine used by the Ford Co. for bori 

4 , ; l i ng and 
align-reaming bearings with caps in position. The top yoo is 
the boring bar for the front bearing; the center tool is for 
the center bearing, and the lower tool for the rear bearing, 
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A LAPPING COMPOUND FOR BEARINGS 


Lapping the main and connecting-rod bearings instead of 
scraping or burning-in has not been the general practice, owing 
to the tendency of the hard abrasive to stick to the bearing 
material and thus to continue to cut the bearing or shaft after 
the lapping process has been completed. 


A compound, known as ‘‘Timesaver,”’ can, it is claimed by its 
manufacturer, be used with perfect safety as it breaks down 
after it has been in use for a short time. It is composed of 
large and small crystals, the cutting surface being the large 
crystal and the small crystal being a neutralizing substance. 
When the large crystal has been worn down so that the short 
crystals are in contact with the rubbing surfaces, these are 
broken up and, owing to their neutralizing action, destroy the 
cutting qualities of the entire compound. This action generally 
requires about 10 min. 


This product does not contain any form of emery, carborun- 
dum, or glass. It is stated that an 80 or 90 per cent bearing 
can be secured with it in about one-fourth of the time required 
to scrape the usual bearing. “‘Timesaver”’ is soluble in oil, or 
it can be removed with gasoline or distillate after the lapping 
operation is completed. It cannot be used for grinding valves, 
o lapping in pistons and rings, as it does not work on iron or 
steel. 


The method of using this compound is to bore or cast the 
solid bearings or bushings to a light driving fit on the shaft and 
grind in with ‘‘Timesaver.” This is applied very thinly and 
with plenty of oil. It is ground or lapped with a twisting and 
turning motion as of a coarse screw or thread. After a few 
twists have been given, the shaft is cleaned and fresh compound 
is applied. 


A number of other methods can be utilized. Fig. 24 shows 
the car with the engine in place and the bottom half of the 
crank case removed. The connecting rods being fitted to the 
crank shaft are in the reverse position, that is, hanging down. 


One shim is removed and the connecting rod is bolted up, 
just snug, with bearing compound and oil in the bearing, and 
is rocked back and forth a few minutes, tightening the nuts as 
the babbitt grinds out. If one application does not produce the 
desired surface, eee the operation. A few minutes will 
generally produce the desired results. 


All connecting-rod bearings can be fitted with the engine ih 
one place, at one time, by removing the caps, taking out one 
shim, applying the bearing compound. Then assemble snug but 
not tight, rotate the engine by hand, by outside applied power, 
or by its own power at low speed for about two or three minutes. 
This will usually finish a set of old bearings, but possibly two or 
three applications will be necessary on new bearings. 


Fig. 24. Showing how the connecting-rod bearings of an 
engine can be lapped with the ‘“‘Timesaver’’ compound. 


The main bearings can be treated in a similar manner, and 
the engine crank case can be inverted and placed on a stand or 
block. A very good makeshift to turn the crank shaft over in 
its bearings is to drop the cone belt from the drill press and 
to use it to drive the crank shaft, using the foot clutch to start 
and stop the power. 


It is claimed that bearings produced in this manner do not 
have to be assembled as tightly as a scraped bearing, as there 
are no high spots to wear off and the bearing, if properly done, 
is a finished job. This product is being marketed by the 
M. T. K. Products Co., of Seattle, Wash. 


Another lapping compound is known as ‘“‘Kwik-ak-Shun,” 
sold by Edward A. Cassidy Co., 23 W. 43 St., New York. 
It will eliminate scraping and works with bronze, babbitt, or 
brass. 


The Clover Mfg. Co., Norwalk, Conn., also manufactures 
grinding compounds. 


CRANK-SHAFT INSPECTION AND REPAIR 


Before the main bearings, or the connecting-rod 
bearings are fitted, the crank shaft should be in- 
spected. Some of the disalignments of crank shafts 
can be enumerated as follows: 


1. Crank-pin bearings scored or cut. 

2. Crank-pin bearings worn oval or flat. 

83. Crank shaft bent. 

4. Crank-shaft throws out of line with each other; 
that is, those throws which are supposed to be 
in line. 

Scored Crank Pin 


If the crank-pin bearing is scored or cut by ridges 
or rings on it (Fig. 25), it will cut the bearing, causing 
it to run hot and thus ruin the bearing. Fitting of 
bearings under such conditions will be a waste of 
time. 


Note the ridges. 


Scored crank-shaft bearing pin. 
This is only a slight score. 


Fig. 25. 


Where the crank pin is only slightly scored, the 
deep ridges or high spots can be removed with a 
fine Swiss file, and the rough surfaces can be polished 
off by encircling the shaft with fine emery cloth 
saturated in oil and making a steady, even motion 
up and down, as shown in Fig. 26, before lapping. 


The strips of emery cloth should be about 114” 
wide and well oiled. Emery tape is better, if 
obtainable. Unless the method shown in Fig. 26 
is used, there would be a tendency to make the shaft 
oval. 


Fig. 26. Cleaning roughened surfaces of crank-shaft bearing 
pins with emery strips. 


Another method is to lap the crank-shaft bearing 
pin, using a lapping compound and specially made 
clamps. 

Lapping a Crank-shaft Pin 


Lapping: Figs. 27, 28 show a form of hand lapper. 
This consists of a pair of hinged members with a 


HAND POLISHER 


Fig. 27 Fig. 28 


Figs. 27,28. Form of hand-lapping device for crank-shaft pins, 
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central hole large enough to admit various-sized 
bushings to conform to the various sizes of shafts. 
A bolt is provided to hold the two halves together, 
and the flanges on the bushing prevent the bushing 
from slipping out the side of the frame. 


The lapping is done by applying a fine emery 
grinding compound! and oil to the pin, and clamping 
the lapping tool to the work. The long handles 
serve as a lever for the work. 


The pins are polished in practically the same way 
by a pair of long wooden clamps (Fig. 28) con- 
structed on somewhat the same principle as the 
lapping tool. 


The throws on the crank shaft can be lapped in 
the lathe by setting up the shaft between two centers 
for the main bearings, and with the use of a special 
flange for the connecting rod pins. It consists of a 
special fixture made from a large casting with a base 
to fasten to the face plate and a long extension arm 
having @ split end for attaching and detaching to 
encircle the throw to be lapped. (Motor Age, by 
Mr. T. P. Bowman.) 


If a crank shaft is badly scored, it will be necessary 
to put it in a lathe and true it up, or send it to a 
concern that has special crank-shaft grinding 
machines, 


Crank Pin Worn Oval or Flat 


If a crank pin is found out of true, that is, is not 
circular, by testing with micrometer calipers, and 
is more than .0015’ out of round, the best plan is 
to have it trued up on a lathe or ground true on a 
special grinding machine by a concern that special- 
izes on this work. 


If a crank shaft is worn more than 010”, it is 
usually discarded. 


Where a crank pin is only slightly worn out of 
true and a grinding machine is not available, then 
file up the untrue part with a fine Swiss file to as 
accurately a circular shape as possible, testing fre- 
quently with the micrometer calipers. The crank 
pin is then lapped, as previously explained. 


The cause of a crank-pin being out of true (where 
the lower part of the connecting rod fits) is often 
attributable to a flat spot, due to explosion pressure 
occurring constantly at one point. The result of 
this is that the connecting-rod bearing will not fit 
true and will bind, even though properly fitted. 
The only remedy is to have the erank shaft, ground on 
a special crank-shaft grinding machine. (A. & H. 
Machine Co., St. Louis, Mo., grinds crank shafts.) 


If a crank shaft (or a cam shaft) is out of true, it 
will cause the bearings to wear out of round in a 
very short time and create 2 knock; therefore, before 
assembling the crank shaft (or eam shaft) in an 
engine, they should be tested for concentricity, A 
machine especially adapted for this purpose is shown 
in Fig. 29, 


To test a crank shaft (or any other shaft) for 
concentricity, the shaft is placed in the adjustable 
center posts (CP). The needle of the dial indicator 
is permitted to touch the crank shaft lightly (as at 
B) at various points, while the crank shaft is slowly 
turned by hand. 


1The Clover Mfg, Co., Norwalk, Conn., supplies lapping 
compound for this purpose, 
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Press Hone Used 
to Replace Differential 


Gear on Axle Shaft 


Adjustable V-Blocks for 
Straightening Shafts 


cator With Right and 
Left Center Posts (CP) 
and Shaft (S) attached 
to Base of Press 


Fig. 29. Fairbanks Universal shaft-testing and straighten- 
ing device and arbor press in one unit. (A) shows the dial 
indicator on shaft (S); (B) gives an idea how the needle point 
of the dial indicator is used to test the concentricity of a shaft. 
The arbor press is shown in use. 


The dial indicator will measure from zero to one quarter of 
an inch, and will indicate it in half-thousandths. 


The centers (CP), may also be used for testing the concen- 
tricity of armature shafts on starting motors, generators, etc. 


This device is also used for pressing bushings and shafts out 
of gears, for straightening axles and propeller shafts, etc. 


The concentricity of the crank-shaft main bearing 
pins could be tested as shown in (B) on the machine 
shown in Fig. 29, but the test of the connecting-rod 
bearing pins on the crank shaft, which are eccentric 
to the main bearing pins, would necessitate special 
dogs or jigs for holding it. 


If a shaft is found out of true, it is put in the “V” 
blocks (V) (Fig. 29), under the press screw and 
straightened, then tested again in centers (CP) with 
the dial indicator. 


Crank Shaft Bent; Alignment of 


A crank shaft may be as much as .020” out of 
alignment, yet, notwithstanding, if the three main 
bearings are perfectly true and straight, after a few 
revolutions of the crank shaft in the bearings, they 
will pull the crank shaft within .002”. But of 
course, this is hard on the bearings. Where a crank 
shaft is bent, it should be straightened on a straight- 
ening press. For instance, it may be placed in 
the centers (CP) (Fig. 29) and the press used on 
it. Another shaft-straightening press is shown in 
Fig. 80. 
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ON THE FLOOR 


Fig. 31. When storing crank shafts it is advisable ei 
to suspend them as shown, or to set the flange on the Mates 
that the crank willbe straight. It is not generally known that 
a crank shaft will sag out of line when allowed to lean against 
the wall, but such is the case. Crank shafts have sagged as 
much as .002” or more in this way. 


Simple Method of Testing Crank Pin 


The crank case may be used with little difficulty as a fixture 
for testing the alignment of the main bearings of the crank shaft. 
The case is placed on the bench in the position shown; a strip of 
pasteboard about 1 in. wide and 1/64 in. thick is placed beneath 
the front and rear bearings of the crank shaft. By these the 
shaft is raised from the center bearing and side play is prevented. 


Fig. 32 


A pointer is then clamped on to the side of the case at the 
center bearing, and by turning the shaft the amount it is out 
of true is determined. This method is not only better but 
quicker than testing in a lathe. 


One Method of Testing for a Loose Bearing 


Run the car over a pit, if possible, although the bare floor 
will do. : 


Raise the car by means of a jack to suit the conditions for 
testing. If the rod bearings are to be tried, run a jack head 
against the lower half of the connecting-rod bearing and work 
the jack handle up and down. The smallest amount of play 
can be detected in this way, especially on the main bearings, 
where the pressure of the jack is applied on the crank shaft 
against the weight of the car and “play.’”? This method is not 
exactly according to engineering practice, but with a sensitive 
jack and a sense of “feel,” the amount of looseness can be 


determined to a certain extent. 


To test for a bent crank shaft, place it in center 
blocks, as shown in Fig. 34, A gauge is used or 
indicator to locate the direction of the bend, if there 
is any; that is, in relation to the main bearing pins 
(MP), but as the connecting rod pins (CP) are out 
of line with the main bearing pins, this would 
require special jigs. 

If the shaft is bent, there will be one point of the 
main bearing pin which will make a contact with 
the gauge, and as it is revolved the shaft will leave 
the gauge. This point which makes a contact 
should be marked with chalk, so that you will know i 
where to apply the pressure to straighten It, 


[ ] {NDICATOR 


Fig. 34. Method of testing a crank shaft for a bent place. 
(MP) are crank-shaft main bearing pins; (CP) are crank-shaft 
connecting-rod pins. 


In testing for a bent crank shaft, one should not be misled by 
a bearing surface of the shaft that is probably worn out of 
round; the test should be made at the side of the bearing where 
little or no wear is liable to take place. 


There are few repair men who will undertake to straighten a 
bent crank shaft, and by many it is claimed to be impossible to 
make a lasting repair to a shaft which is out of true. However, 
as the repair man is occasionally called upon to “‘fix it up,’”’ and 
B sttaie esa iae press is not at hand, one means employed is 
shown. 


One method of straightening a slightly bent 
crank shaftisshown. ‘Thisshaft is bent as indicated 
by the dotted ine (A) (Fig. 36), only to a very much 
less extent, the bend not being visible to the naked 
eye except when the shaft is revolving in a lathe with 
a tool or other object held stationary, close to the 
centet bearing surface or crank pin. 


Fig. 35 


The shaft (K) (Fig. 35) is fixed between the centers 
(C) of the lathe, blocks (B) are placed upon the lathe- 
bed for a fulerum, and a bar of iron (R) or preferably 
of wood, isusedasalever. Ifaniron baris employed, 
a piece of brass, wood, or lead should be placed 
between it and the bearing surface of the shaft for 
protection. 


Bent crank shaft. 


‘Fig. 36. 


Assuming that the shaft is bent as indicated by 
the dotted line (A) (Fig. 36), it is pried up with the 
bar till it assumes the position indicated by the 
dotted line (B), and while held in this position, an 
assistant holding a piece of brass (M) on the bearing 
surface with one hand, and with a hammer in the 


other, strikes the shaft a sharp light blow. 


The bar and blocks are then removed, the lathe 
started, and the shaft tested again for results. This 
treatment is repeated again and again until the shaft 
is straight as indicated by the line (C). It is gener- 
ally a long and tedious job, depending greatly upon 
chance and the ability of the operator of the bar to 
guess the proper amount of pressure to apply and 
the proper place at which to apply it. 


Crank-Shaft Throws Out of Line 


The crank-shaft “throws” are the parts (CP) to 
(MP). On a four-cylinder engine, the four throws 
(CP) should be in exactly the same plane or line. 
When out of line the crank shaft is sprung or twisted. 


‘Such a condition will cause vibration, and may 
also throw the timing and the firing impulses out of 
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line. In such a case, the valve events and spark 
would not occur in the correct relation to the piston 
positions. 

One method of checking would be to learn the 
position in inches in which the piston is supposed to 
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be from the top of the cylinder at the time of the 
opening and closing points of the valves and to see 
if it checks properly. On the Ford, these positions 
are shown on an illustration referring to valve timing. 


See Index. 


CAM SHAFT ADJUSTMENTS 


The cam shaft on some engines is a case-hardened 
drop forging of low carbon steel. It is usually 
mounted in die-cast bearing bushings. 


The usual troubles are worn bushings which pro- 
duce knocks and end play, and it thus often becomes 
necessary to replace the bushings. 


If the front cam-shaft bearing has worked loose 
in its bearing, or is worn, the timing gears would 
be noisy. 


If the wear is not too great, the bearing can be 


tightened by means of an adjustment screw which: 


is provided on some engines, or by removing and 
copper plating the bearing to compensate for the 
wear, or by replacing the bearing bushings. 


On the Continental engine (see Index) the end 
thrust, or end play is taken up by regulating an 
adjusting screw in the timing-gear case cover. 


To replace cam-shaft bushings: First, it will be 
necessary to remove the radiator, then the gear- 
case cover. Besure to note the marks on the gears, 
and if they are not marked, be sure to mark them. 
Remove the cam gear; remove oil pan ; remove the 
springs and valves; remove the cam shaft, and 
also remove the carburetor assembly. Put in new 
bushings and ream them to a fit. 


EA) Seles divi nor a 1 
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Fig. 37. A cam-shaft aligning reamer, 


To prevent cam-shaft knocking, the rear cam- 
shaft bearings should be reamed in perfect alignment 
with the front and center bearings. An ordinary 
reamer is useless because the bushing is driven in 
and usually battered. A good form of cam-shaft 
reamer is shown in Fig. 37. It is manufactured by 
K.R. Wilson, Buffalo, N.Y. After the cam shaft isin 
place and the gearsin position, check the valve timing. 


If a cam shaft is sprung, it is necessary to remove 
and straighten it or to replace it with a new shaft. 


On the Ford, the front and center cam-shaft 
bearings are held in place by set screws located in 
the right hand side of the eylinder-block in line with 
the cam shaft. The set screws should be removed 
from the cylinder in order to insure clearance for 
the cam shaft. The cam shaft is then withdrawn 
by means of a cam-shaft puller. 


The front and center bearings are of the split- 
bearing type. They are held to the shaft by 
means of circular springs. 


These springs are re- 


moved by inserting a screwdriver under them, and 
forcing them off. The cam shaft may then be tried 
on the centers as shown in Fig. 29 at. (B), page 792. 


The cam shaft should not run out any more than 
0015”. If bent, straighten it on the straightening 
press. 


It is not good practice to remove cam-shaft gear 
from the cam shaft unless absolutely necessary. If 
it must be removed, the best plan is to remove the 
cam shaft and gear to an arbor press and to press 
the gear off. 


Removing a Cam Shaft 
(Dodge as an Example) 


To remove the cam shaft, the radiator must be 
taken off and then the front gear-case cover. The 
cam shaft may then be pulled out after the valve 
push-rods are tied up, so as not to catch the cams 
as they slide by, and after the cam-shaft retaining 
pin (which will be found on the right side of the motor 
directly back of the ignition unit) has been removed. 
This pin fits in a deep groove in the center journal. 
In the first 40,000 or 50,000 cars the pin was held in 
place by a set screw, but the newer cars have a 
spring. 


Oldsmobile (Model 45B) Cam-Shaft Bearings 
and Cam Shaft 


_ Cam-shaft bearings: Several thousandths of an inch is left 
in the bearings which must be removed from the bore of cam- 
shaft bearings. It is advisable to leave a few thousandths for 
final reaming. They should be line-reamed when in place. 


Cam-shaft bearing adjustments: It is rarely the case that 
the cam-shaft bearings require attention, because they are 
exceptionally large. The following is a method to determine 
whether this attention is necessary. 


At idling speeds, play in the front bearing, or end play i 
cam shaft, causes a dull rumbling noise ‘which, ray Becee 
by pressing against the vertical distributor-drive shaft with a 
screwdriver. This transmits pressure to the distributor-shaft 
drive gear and cam shaft, and temporarily removes the loose- 
ness causing the noise. ; 


To replace the front cam-shaft bearings proceed as follows: 


1. Remove the radiator, fan belt, and hose con i 
the water pump to the cylinder blocks. prises 


2. Loosen the retaining clip on the lower ed # thea 
tributor-drive shaft and withdraw the splined sPofee ue Us 
from mesh with the cam shaft. © splined shaft and gear 


3. Remove the two frony engine bolts and Jack up the front 
3 z 


” of the engine about 3 inches. 


4. Remove the cap screws from the gear housi 
: 
the housing complete. 3 ees Gare 


. 
5, The cam-shaft gear may be removed by means of a special 


gear puller attached to two ta. i 
penis pped holes in the face of the cam- 


6. The cam-shaft bearing is thereby ex O i i 
: reby sed to 5 
held in place by an offset lug and retaining asrewhce cen of 
which will allow the entire bearing to be extracted, 


are not adjustable, and when looseness oce i 
" ’ U. y 
should be installed and fitted in the manner Puen ae 


If it is desired to remove the cam shaft fo inati 
1 tr exa i 
may be done very easily. To do this proceed eetiee ee 


3 
4 


ENGINE BEARINGS 795 


1. Remove the push-rod assemblies carrying the push rods 
that rest on the cam shaft. These assemblies are located by 
dowels and bolted in position, hence are easily removable. 

2. Draw the cam shaft out through the front, complete with 
the front bearing. 

_ In assembling, one point is to be observed to obtain correct 
timing, and that is to crank the engine over until No. 1 piston 
is at the top of the compression stroke. In this position the 
fly-wheel marking will be 1-4 U-D-C, and the prick-punch 
mark on the crank-shaft gear will be at the top. Then if the 
cam-shaft gear markings be made to coincide with the crank- 
shaft markings, the valve timing will be correct. 

_ Timing gears-45-B: These gears are matched up in sets to 
give a clearance of .008’ between the cam and crank gear 
when fitted, and will have slightly less clearance than this after 
some use. 

These gears are marked ‘‘O”’ for standard, ‘‘1-L”’ for .001” 
large, and ‘‘1-U’’ for .001” undersize. The letters ‘‘L’’ and 
“U” always appear, but the figure will depend on the number of 
thousandths of an inch that the gear is over or undersize. 


Questions and Answers on Crank- and 
Cam Shafts 


The following questions pertain to the Continental 
engine (see Index), but are applicable to many other 
engines: 

Question 1: How can the end thrust or end play 
be taken up on the crank shaft? 


Answer: The end thrust of the crank shaft is 
taken against the front bearing. To adjust this 


end thrust shims are provided between the crank- 
shaft gear and the thrust surface of the crank-shaft 
front bearing. End play is taken up by removing 
one or more of these shims. 


Question 2: How can the end thrust or end play 
be taken up on the cam shaft and timing gears? 


Answer: End thrust is taken up by regulating 
the adjusting screws in the timing-gear case cover. 
These adjustments should not be disturbed unless 
it is plainly evident that they demand attention. 
To check the end thrust, release the lock nut and 
turn the screw in until it touches against the end 
of the shaft. When this contact is felt, the screw 
should be backed off one turn and the lock nut 
re-tightened. 


Question 3. Can the piston and connecting rod be 
taken out from below without removing the crank 
shaft, and is that the best plan? 


Answer: Piston and connecting rod assemblies 
can be removed from below without disturbing the 
crank shaft. This is decidedly the best arrange- 
ment. Not only can the pistons be pulled, but 
every bearing of a Continental engine can be got 
at readily by removing the oil pan. Engines are 
assembled and inspected in this manner during the 
process of manufacture in the Continental factories. 


CONNECTING-ROD AND PISTON-PIN BEARINGS 


There are two types of connecting rods in general 
use, as follows: (1) the connecting rod using a 
stationary piston pin (Fig. 38); (2) the connecting 
rod using an oscillating piston pin (Fig. 39). 


REMOVABLE | 
BUSHING 4 


Fig. 38 Fig. 39 


Connecting rods are usually made of I-section 
drop forgings of nickel steel. Bearings are usually 
die cast of special metal. Bearing-cap studs are 
nickel steel. 


Connecting-Rod Upper End 


The piston pin or wrist pin is the pin on which the 
upper part of the connecting rod swings. It is 
sometimes made of solid steel, but usually of hollow 
case-hardened steel tubing. It is also called a 
“gudgeon” pin. Itis non-adjustable, and therefore, 
when worn, the piston pin or bushings must be 


renewed. 


Fig. 40. Piston pin showing hole (H) where the lock screw 
(Fig. 38) holds the pin stationary. 


Fig. 41. Piston pin showing groove (G) where clamping 
bolt (C) (Fig. 39) is clamped tight to the piston pin. 


IRE SCREW 
-CON.ROD 


Fig. 42. Showing clamping screw which clamps the con- 
necting rod to the piston pin. Oil holes are provided in the 
pins to lubricate the pin and bushing. 


The stationary piston pin (Figs. 38 and 40) is 
used where there is one bronze bushing in the end 
of the connecting rod, which oscillates on the piston 
pin. The pin is held tight by a set screw at hole 
(H) (Fig. 40). 


The oscillating piston pin (Figs. 39 and 41) is 
where the piston pin is clamped to the upper end 
of the connecting rod, as shown in (C) (Fig. 39) and 
more clearly shown in Fig. 42. The bronze bush- 
ings in this instance are pressed into bosses in the 
piston, and the piston pin oscillates in the bronze 
bushings. 

The first bearings of an engine to manifest the 
effect of wear, in normal service, are the connecting- 
rod bearings. They are next to the piston and rings 
in importance. 
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Connecting-Rod Bearing Knocks 


A method for determining a loose connecting rod 
is explained and illustrated in the American Auto- 
mobile Digest as follows: 


“After continued use they become worn, produ- 
cing a dull thud or pound, especially noticeable when 
the engine is suddenly accelerated or speeded up. 
This is due to the fact that the bearing becomes 
elongated, as shown in Fig. 43, since the pressure is 
in one direction only. For this reason the knock 
is dull and is usually worse when the engine is idling. 


SOOTY 
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Fig. 43. This illustrates how the crank-pin bearing wears. 
At (X) is shown natural wear, while at (Z) is shown the wear 
caused by a bent or twisted rod. 


“The best method of locating a worn connecting- 
rod bearing which has started to knock is by short- 
circuiting the spark plug, when two knocks will be 
noticeable, since the explosion pressure is eliminated. 
In addition to being caused by a worn bearing, the 
knock can also be caused by a twisted connecting 
rod, scored bearing, burned out bearing, or end play. 
In the case of a seized bearing or one that has been 
burned out, due to a lack of oil, the motor will also 
groan when starting cold. 


“A worn piston-pin bearing can easily be distin- 
guished by a sharp metallic knock occurring twice 
when the spark plug is short circuited. The knock 
will appear regularly, and is very sharp when the 
engine is pulling hard.” 


Remoying Pistons and Connecting Rods from 
Engine 


It is necessary to remove the pistons when workin g 
on the wrist pin. 


The method of removing the piston (Overland, 
for example) is to take off the bottom half of the 
crank case and then remove the connecting-rod bear- 
ing cap from the rod attached to the cylinder which 
it 1s desired to remove. The bearing cap is held by 
two bolts fastened by castellated nuts. When these 
are removed the rod can be swung to one side out of 
the way of the crank shaft and the entire assembly 
can be withdrawn from the cylinder in the manner 
illustrated (Fig. 44). The piston pin can then be 
driven out with a punch, after which the bushing 
can be removed. 


This method cannot be applied to all engines. 
Such work as this is usually done by removing the 
engine from the frame, and when engine is dis- 
assembled, 
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Be sure to mark all parts when removing them, 
so that they can be assembled in their respective 
locations, as before disassembling. 


Fig. 44. Method of withdrawing piston and connecting-rod 
assembly after the bottom half of the crank case has been 
removed. 


Removing Piston Pins and Bushings 


To remove the piston pin of the stationary type, 
the cotter pin and lock screw (Fig. 38) is removed 
with a cotter-pin puller and a special socket wrench 
which will fit into the space. 


The piston pin is then pressed out, which is not 
always an easy task. One method of removing a 
piston pin is shown in Fig. 45, and can be resorted 
to if the piston pin is hollow, s6 that the shaft can 
be run through it. 
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Fig. 45. For removing piston pin or bushings, a rod is 
turned to slide freely through the bushing and is then threaded 
S.A.E. standard. The pulling bushing is made slightly smaller 
than the hole in the piston. 
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To remove a piston pin of the oscillating type, 
loosen the lock screw (C) (Fig. 42) with a special 
wrench; then press the piston pin out of piston 
bushings. 


Sometimes a tight piston pin can be more readily removed by 
plunging the piston in boiling water. This will tend to loosen 
the grip of the piston on the pin and will then permit it to slide 
out, 


PLSTON PIN 
BUSHING 


_Fig. 46. Method of removing the two bushings from the 
piston bosses where the piston pin oscillates, 


For removing the two bushings from the piston 


where an oscillating piston pin is used, refer to 
Fig. 46. 


For removing the one bushing from a connecting 
rod (upper end), where the stationary piston pin is 
used, see Figs. 47, 48, 49. 
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Fig. 48 (upper) 
Fig. 49 (lower) 


Fig. 47. One common way to remove an upper connecting- 
rod bushing. Jaws (J) of the vise are opened far enough so 
that the end of rod (R) rests upon them and at the same time 
gives sufficient clearance for the bushing to pass between, as it 
is driven out. To drive out bushing (B), a drift (D) (usually 
a bar of steel) and a hammer are required. ; 


Fig. 48. A better way: Jaws (J) of the vise are opened 
wide; a piece of pipe (P), large enough to clear the bushing, is 
placed against the inner surface of one jaw; therod is carefully 
adjusted and pressed against it to hold it in place until the drift 
or solid pin (N) is adjusted into place. Then draw the vise 
together to squeeze the bushing out of rod (R) into pipe (P). 
If no vise is at hand with a large enough opening, recourse can 
be had to the method shown in Fig. 49. 


: Fig. 49. Another plan: A bolt (B), some washers (W), a 
piece of pipe (P), a nut end, anda wrench (H) may be employed 
asshown. By this method, a bushing may be removed without 
danger of springing or burring up the connecting-rod end. 


Fig. 50. A piston-pin remover. (A) is flat iron tapped to 
take screw (C). Flat iron bands are attached so that they can 
be placed around the piston, then the screw is forced against 
the wrist pin (piston pin). 


Pressing Reaining 
in Piston Pin Piston Pin 
Bushing Bushing (B) 


Fig. 51. Fairbanks Universal piston vise and press, de- 


signed especially for removing piston pins and bushings. 


Tf oversize reaming is necessary for bushings, the same device 
can be used to hold the piston for the operation, This device 
will also hold the piston while fitting rings to the piston, or for 
scraping carbon from the piston, or while the top, or upper part 
of the connecting rod is being clamped to the piston pin. 


This vertical vise can be used for many other jobs, as the 
“VY jaws have a babbitted lined surface which will not injure 


the finish of the piston. 


Fitting Piston-Pin Bushing! 


Where the oscillating type of piston pin is used, 
the bushings are fitted in the piston bosses after the 
old ones have been driven out. Very often, instead 
of pressing out the old bushings, they are reamed 
oversize, and an oversize piston pin, usually .0025”’ 
or .005” oversize, is substituted. ws 


To check the play between the piston pin and 
the piston bushings (Ford piston, as an example), 
hold the piston with the piston pin perpendicular 
to the bench with the left hand (Fig. 52), while with 
the right hand the connecting rod is forced up and 
down in such a way as to cause the pin to be forced 
against one side of the bushing and then the other. 
If there is any play, a new pin should be fitted and, 
if necessary, the piston bushings should be replaced. 


Fig. 52 Fig. 53 


The pin is removed by running out the connect- 
ing-rod clamp screw, after which the pin may be 
pushed out. Every repair shop should be equipped 
with a piston clamp, or vise. 


If no clamp is available, the piston may be held 
by means of a rod (Fig. 53) through the piston pin 
while loosening or tightening the rod. The practice 
of holding the rod in a vise invariably results in a 
twisted rod and a scored cylinder. 


The piston pin, when properly fitted, will wear 
very slowly, but when carelessly fitted, it will wear 
the bushing in a very short time, causing a noisy 
engine and excessive wear on the crank-shaft bear- 
ing. 


The piston pins are usually fitted in the bushings 
by selective fit. A pin is tried in the bushing. If 
it turns freely, another pin is selected until one is 
found which requires a fair amount of effort to force 
it in and turn it. Since the piston pin is harder 
than the bushings, it is usually necessary to renew 
the bushings to insure a properly fitted pin. 


The bushing is removed through the inside of the 
piston. The piston is then turned over, and the 
other bushing is forced out in the same manner. 
When pressing in the new bushings, it is important 
to have them line up properly with the hole in the 
piston, as a cocked bushing requires considerably 
more pressure to force it in, throwing the piston out 
of round. 


The bushing should be pressed in until about 
1/16” of the bushing shows on the inside of the 
piston, or until it is 1/32’ inside the oustide diam- 
eter of the piston. When«the bushings are in 
place, they should be line-reamed to size with a 
Ford pilot-type reamer “987-20,” which may be 
purchased from the nearest branch. 


Reaming the piston-pin bushings: Tf a reamer 1s 
used which has no pilot, only one of the bushings 
should be removed at a time, and the reamer should 


1 Piston pins, bushings, etc., oversize and standard, can be 
secured of the H. & H. Machine Co., St. Louis, Mo. 
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Fig. 55 


Fig. 54 


Fig, 54, Bushings for the upper end of the connecting rod 
to go in the piston bosses, or in the upper end of the connecting 
rod if the piston pin is of the stationary type. 


Fig. 55. Die-cast removable bushings for the lower end of 
the connecting rod and cap. Where the bushings are babbitted 
in the lower end of the connecting rod and in the cap, they are 
not removable, 


Fig. 56. A self-aligning piston-bushing reamer with pilots 
on each end to insure perfect alignment and a perfect fit the first 
time through. The spiral is fluted with steel blades. 
type of reamer is furnished by K. R. Wilson, Buffalo, N.Y., for 
Ford, Chevrolet, Oakland, Oldsmobile, or Scripps-Booth cars. 


be inserted through the old bushing to act as a 
guide in reaming the new one. The old bushing is 
then replaced and the reamer is inserted through 
the reamed bushing as a guide in reaming this one. 


If there is no piston clamp (shown on page 797) 
available, the reamer should be held in a vise and 
the piston turned by hand, as shown in Fig. 58. 


When the new pin has been fitted, as described, 
it is removed and oiled. It is well to rub a little oil 
in the bushings as well. Hold the rod in the piston 
and force the pin into place. Turn the pin until 
the groove (G) (Fig. 41) lines up with the connecting- 
rod ¢lamp-screw hole, and insert the clamp screw. 


Run the clamp screw down with a socket wrench; 
remove the piston from the clamp, and press the 
rod from one side of the piston to the other to see 
that the pin does not extend outside the diameter 
of the piston. If it does, remove the rod and pin 
and press the bushing on that side in a little farther. 
If it does not, set the piston in the clamp and tighten 
down the cap screw with a “3-Z647” Ford wrench, 
and insert the cotter pin. 


To test: The assembly may now be tried by 
holding the piston as shown in Fig. 57. The rod 
should hardly be able to turn of its own weight, but 
should drop gradually as the piston is jarred. 


Where the stationary type of piston pin is used, 
the bushings are not fitted in the piston. The one 
piston pin bushing is fitted in the upper end of the 


This: 
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ecting rod, as shown in Fig. 38, page 795, and 
thee pin (Fig. 40, page 795) is held tight in 
the piston bosses by a set screw. 

The same principle of removing, reaming, fitting, 
etc., to fit the piston pin is employed, as explained 
in the preceding paragraphs. 

The piston pin may also be worn: therefore 
examine and replace it when renewing the bushings, 
ifworn. Asa rule, the wrist pin and connecting-rod 
bearings are prone to wear sooner than the main 
bearings. 


Fig. 59 


Another reamer: The reamer is placed at one end of the tool 
there being a pilot at the other which slips into the opposite 
piston boss and thus guides the tool. When one boss is reamed 
the tool is reversed and the other one is done. Since the pilot is 
smaller than the finished hole, a bushing must be used to guide 
the pilot in the second half of the job. 


Piston Pins 


While the standard pins can usually be secured 
from stock in .003”, 005”, or .010” oversize, it 
sometimes is necessary to order special ones. That 
there may be no confusion in orderingspecial sizes, be 
sure to give the oversize above standard, the make of 
car, model, motor, diameter and length, slot or set- 
screw hole,.width and depth of slot, diameter of 
set-screw hole, distance from center of set-screw 
hole to end of pin; and also state if the pin has oil 
holes or oil grooves. 


WIDTH OF 


- J. OF SLOT 


SLOT 
---- Cy eres Sr 


DEPTH 


Out Biamerens} 


le 2 Ser Screw HOLES Give 
CENTER To CENTER 


LENGTH OVER ALL 


Fig. 60. _ A handy diagram to copy and fill in what is needed 
when ordering special piston pins. By courtesy Heald Ma- 
chine Co., manufacturer of cylinder grinding machines, Wor- 
cester, Mass. Copyrighted. ) 


Oversize Identifications 


The practice of painting the ends different colors 
has been generally adopted by oversize piston-pin 
manufacturers, in order to identify them, so that 
they can be readily distinguished from one another. 
For instance, standard, no color; .003’ oversize, 
medi OO ita Oversize, yellow; .008” Oversize, white. 


Fitting Piston Pins 


Use an accurate reamer, and be very careful not 
to remove too much metal. Remember that the 
clearance between the pin and the bearing should 
be .0005”’ to 001”. A loose-fitting piston-pin with 
too much clearance will cause a piston-pin knock 
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which will eventually mean that the whole motor 
will have to be pulled down and new pins inserted. 


On the other hand, if it is a ringing fit, it will also 
cause trouble, because there must be room for a 
film of oil on the pin. A well-fitted pin will last for 
years. 


Fitting Connecting-Rod Lower End 


As in the case of the main bearings, there are 
caps fitted to the lower part of the crank-shaft bear- 
ing pins (see Fig. 388, page 795), which in, this in- 
stance have removable die-cast split bushings in 
both the connecting-rod bearing above the crank 
shaft and in the cap below the crank shaft. This 
is the type generally used, with shims placed 
between. 


On some connecting rods, the lower part of the 
connecting rod and the bearing cap are babbitted, 
and when the lower part of the rod is worn or 
burned, a new connecting rod is necessary (on the 
Ford); a new bearing cap also can be secured. 


What has been said concerning the main engine 
bearings also holds good for the connecting-rod 
bearings. The two bearing halves may be brought 
closer together by the removal of some of the 
“shims” between them, or-dressed down with a 
file, if shims are not provided. It is policy to take 
off enough metal to allow for a few shims, so that 
when taking up is again required, it will only be 
necessary to take out one or two shims. 


In the majority of engines the removal of the 
lower half of the crank case gives access to the 
connecting rods. 


Adjusting Connecting-Rod Lower Bearings 


Loose connecting-rod bearings are detected by a 
kind of metallic sound or knock when the engine 1s 
running at idling speed. 


To test, in order to determine which rod is loose, 
a good method is to run the engine at idling speed 
and to disconnect one spark plug after another. 
The knock will either cease or will sound as if there 
are two knocks, when the cylinder is found in which 
the rod is loose. 


After determining that a connecting rod is loose, 
remove the oil pan. Turn the crank shaft (first 
remove the spark plugs to relieve the compression) 
so as to place the rod bearing in a convenient posi- 
tion for inspection. Take hold of the rod and, by 
a vigorous push up and down, ascertain whether 
there is end play. If so, the looseness can be felt. 


Do not, however, mistake the side play for loose- 
ness, 4s there should be an appreciable amount of 
side play. At the same time, too much, or an excess 
of side play indicates wear on the sides. 


If the bearings are found to be loose, pull the two 
cotter pins out and remove the nuts. The cap can 
then be removed. 


Next, examine the bearing bushing and see if it 
is cracked, worn thin, or scored. If so, it will 
require new bushings and refitting by scraping or 
burning-in. 

Note. It is not always necessary to scrape or burn-in on 
replacing die-cast bushings. Some repairmen shim them u 
and then run-in by not tightening too tight, and later on read- 


just again. It is best, however, to scrape them in toafit. If 
new babbitted bearings are fitted, it is necessary. 


At the same time that the bushing is being 
examined, examine also the crank-shaft bearing pin 


to see if it is scored or cut. If so, it will cut the 
bearings, and the crank shaft should be removed and 
the pin dressed down. 


If the bearings are only worn and have a clean 
polished surface otherwise, then remove one layer 
of shims on each side and try the cap for tightness. 


Replace the cap and tighten the nuts and then 
crank the engine by hand with the spark plugs 
removed (to relieve the compression), and test for 
tightness. 


FiL7 
SHIMS- SOLID TYPE 
LAMINATED TYPE GENERALLY USED 


Fig. 61. Connecting-rod lower bearing end with cap 
removed to show shims placed between the upper bearing and 
cap. By removing a shim the cap is drawn closer to the upper 
bearing, and hence it would be tighter on the crank pin, The 
shims shown above are not the laminated type. The laminated 
type of shims is universally used, however. 


When testing the bearing, keep in mind that while 
it should have no appreciable amount of looseness, 
this does not mean that the drag on the shaft should 
prevent its free rotation. Follow the same rule as 
given for the main bearing adjustment. 


After adjusting and testing one rod, loosen up 
slightly on the nuts of the bearing adjusted, so that 
it will have no binding effect on the next one to be 
adjusted. 


Adjust and test each rod accordingly, and after 
all are adjusted, tighten up on all nuts and replace 
cotter pins and spread the points. 


It is a good plan, after about 1,200 miles of run- 
ning, to inspect and readjust the bearings again, as 
they will then be set. 


When replacing the oil pan, be sure the gasket is 
not damaged, and that the cap screws holding the 
oil pan to the crank case are tight, otherwise oil will 
leak. 


If the connecting-rod bearings are not fitted with 
shims, then the bearing cap must be dressed down, 
as explained on page 784. 

Note. When removing caps and connecting rods, mark 
them. Also be sure that the connecting-rod bearing caps are 
placed with the oil holes facing the direction in which the engine 
runs, This is important, especially with an engine using splash 
lubrication, because oil is forced into these holes when the 
engine is running. 


Fitting Connecting-Rod Lower Bearings! 


When the bushings in the lower end of the con- 
necting rod and cap are badly worn, or cracked, or 
are loose, it will be necessary to install new bearing 
bushings if they are of the removable die-cast type. 


If of the plain solid babbitted type, a new con- 
necting rod and cap will be necessary, or they will 
have to be re-babbitted. 


In either case, it is necessary to fit the bushings 
to the crank-shaft connecting-rod bearing pins. 


1 See also Index under “Fitting bearings on a truck engine.” 
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In many instances, this work can be done under 
the car, by removing the oil pan, disconnecting 
the connecting-rod caps, and removing the rod and 
pistons from the engine. 


The new bushings are then installed in the cap, 
and if it projects above the cap, it is dressed down. 


There are various methods for fitting the con- 
necting rod to the crank pin, which is similar to the 
main bearings: (1) by spotting-in and scraping; (2) 
by burning-in; (3) by lapping with a grinding 
compound. These methods were explained under 
“Fitting main bearings,” and the process here is 
the same. 


Where the work is done under the car, the con- 
necting rod can be worked as shown in Fig. 62. It 


CRANKSHAFT 


CONNECTING ROD 


Fig. 62 


is best, however, to do this work with the crank shaft 
removed, because at that time the crank shaft can 
be tested for alignment and the crank pins can be 
examined more freely and the work will be done 
better. 


Two methods are shown (Figs. 64, 65), for sup- 
porting crank shaft while fitting the connecting rods. 
The crank case can also be turned upside down and 
the work can be done while working on the main 
bearings and while the engine is on the bench and 
after the main bearings have been fitted, 


MARKS ON 
CON, ROO IN- 
DICA’ 


iCATING 
ITIS FOR CYL, 
NO.3 


Fig. 63. Rod and cap should be marked. 


When removing a connecting rod or cap, remem- 
ber the position of the cap and examine it immedi- 
ately for file marks. If the rod and cap are not 
marked, they should be, before the positions are for- 
gotten. See also page 801. 


Spotting-In Connecting-Rod Bearings 


After sufficient shims have been removed from 
between the cap and rod, so that the bearing fits tight: 
on the shaft, the rod nuts are taken off and the shaft 
bearing surface is given a very light coating of 
“marking” compound (Prussian blue or lamp black). 


Put the connecting rod in place, and put on the 
cap and draw it up tight. Be sure that caps are 
fitted on according to the punch marks on the cap, 
and that the rod is on the right side forward. Then 
rock back and forth, or if the engine is removed, 
swing it around the shaft twice. 


Fig. 65 


Fig. 64. A wooden crank-shaft support for fitting connect- 
ing-rod bearings to the crank shaft when removed from the 
engine. 

Fig. 65. Another method. 

Next remove the nuts and bearing. The “high 
spots” inside the bearing will be found marked in 
blue, showing that at these points the crank touched : 
the part which is white the crank did not touch. 
The problem is, therefore, to get the high spots 
down by scraping, until the bearing will mark for 
about three-fourths over its surface. 


This marking or “spotting-in’’ process is repeated 
from time to time till the whole surface is marked 
as shown at (D) (Fig. 11, page 785). The upper 
part of the rod is seraped first, then the lower bearing 
cap. 


Adjustment: When scraping is completed and all 
nuts are down, the connecting rod should be just 
stiff enough to turn by hand, and if placed in a 
horizontal position it should not fall by its own 
weight, but should move when pushed by hand. 
If fitted too tight, seizure will result. 


After scraping is done, the burnisher shown in 
Fig. 10, page 785, may be run over the entire sur- 
face of the bearing to shine it up and smooth the 
surface. 


Another method: When the rod shows a good 
bearing of about 30 per cent, tighten it to the shaft 
So that it will be hard to turn. When the engine 
is assembled (leave the oil pan off), run it for about 30 
seconds; then remove it and examine the bearing. 
If it shows a good bearing, replace the cap. If not, 
remove the cap and repeat the operation. 


When fitting a new connecting rod to an old shaft, 
the crank pin is usually undersize and it is not only 
hecessary to remove the shims, but also to file off 
the sides (face) of the cap. 


If a crank-pin bearing is badly under size, it is 
necessary to file the face of both the cap and the rod. 


_If, as already Suggested, the shaft is badly under- 
size, and all connecting rods require replacing, it is 
usually less expensive to install a new crank shaft 
(on a Ford), 


Oil grooves: Do not overlook the oil grooves 
when fitting the connecting-rod bearings. Remem- 
ber that oil grooves wear thin in a worn bearing. 
See page 171: “Oil grooves in bearings.” 
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How a Connecting-Rod Is Babbitted 


Connecting-rod bearings are, as a rule, made 
from babbitt metal die-cast to size and shape, and 
in some cases these are backed by bronze shells, 
while in other designs the babbitt is cast directly 
into the rod and cap, the object of this being to 
reduce the weight of the reciprocating parts. 


_ Babbitt as a bearing metal is very desirable, as it 
is soft and will not score the shaft in case the bearing 
should seize. It wears more rapidly than bronze, 
and consequently needs to be adjusted oftener. In 
order to prevent overheating and to allow for slight 
irregularities in connecting-rod alignment, these 
bearings must have a slight amount of end play. 
Re-babbitting: In some of the older models and 
on some of the modern popular-priced cars, the 
bearing metal is cast in place, and is not in the form 
of removable bushings. In cases of this kind it is 
always best to have the rods re-babbitted at the 
factory or service station. Some makers even 
exchange the rods in order to facilitate service. 


To pour and bore these bearings requires some 
skill, and it is a difficult job to set up. A simple 
method is depicted in Fig. 66, in which a machine 
table, such as that of a shaper or milling machine, 
is used, as these have T-slots to fasten the work to. 
To get the new bearing in line with the piston-pin 
bearing is not easy, but if the ends of the piston-pin 
hub are in good shape, one of these can be blocked 
up and bolted down on the machine table. Then 
with the babbitting mandril held vertically and 
located from the center of the piston pin, the bearing 
will line up within scraping distance, the setting be- 
ing obtained by measurements. 


MANDRIL 
«CONNECTING ROD 


oes Pn aa eee MI 
SMOOTH SURFACE MACHINE TABLE 
Fig. 66. A simple method of holding the connecting rod 

for re-babbitting the large end. 


The babbitting mandril can be made of wood, 
which will leave a fairly smooth babbitt surface. It 
must be bolted down to prevent shifting when pour- 
ing the babbitt. 

To form the two halves, a liner is inserted on each 
side that touches the mandril, both halves being 
run at the same pouring. 

The babbitt can be heated in a ladle, using a slow 
heat and stirring frequently. For best results the 
babbitt should be poured at the proper temperature, 
which is that at which it will char a pine chip, but 
will not ignite it. When the metal has reached the 
pouring temperature, the rod should be heated 
somewhat. This prevents sponginess and blisters 
in the babbitt. Pour it slowly, and avoid the scum 
which forms in the ladle, or remove it before pouring. 

After the bearing has cooled, the oil holes can be 
drilled, and then the final operation of scraping and 


Ur. \ 


Fig. 67. Method of grooving re-babbitted bearings. 


» fitting can proceed. 


t It will be necessary to cut new 
oil grooves, which can be accomplished with a 
hammer and cape chisel, as shown in Fig. 67. 
(American Automobile Digest.) 


Pointers on Connecting-Rod Bearings as 
Usually Found on Tractor Engines! 


_ Rods and caps should be marked: Before remov- 
ing any of the connecting rods they should be 
examined for identification marks (Fig. 68). The 
marks referred to are placed on the connecting rod 
and cap, so that they may be reassembled in their 
original positions. 


a MARK ROO 
AND CAP 
N 


NOTE ON 

WHICH SIDE 
OF ENGINE 
MARKINGS 
ARE PLACED 


Fig. 68 


Vig. 68A 


Fig. 68. The marks are put on the rod and cap when the 
engine is assembled. Note that there are three marks on the 
cap and three on the rod; thus they are for cylinder No, 3. 


Fig.68A. Dressing down a crank-shaft connecting rod bear- 
ing pin which is slightly scored without removing crank shaft. 


If there are no marks on these parts it is a simple 
matter for the operator to put some there with a 
cold chisel or a file. The rod and cap should be 
marked with the same mark, but a different mark 
should be used for each rod so that they will be put 
back on the same cranks. A common and conven- 
ient way of doing this is to mark them 1, 11, 111, 
1111—starting at the front end of the engine. With 
the rods properly marked and a note made on the 
side of the engine on which the marking was done, 
all parts should go back in place without any trouble. 


Bearings must be fitted to a perfectly round bear- 
ing pin: When the connecting rods have been re- 
moved, the shaft should be tried for roundness. 
This is easily done with a pair of calipers carefully 
handled. If the shaft is found to be out of round or 
scored, there is no use fitting new bearings without 
first dressing down the shaft. 


LINER OR 
BUSHING 


FILE LINER 


ANCHOR RIVETS 
OR SCREWS KE 
. HOLES ROUND 


Fig. 70 (upper) 


Fig. 69 (upper) Fig. 71 

Fig, 69. When bushing or liner flanges are too thick dress 
with a file and use a half-round block. 

Fig. 70. Connecting-rod bearing cap, with liner or bushing. 


Fig. 71. A type of connecting rod of heavy construction, 
usually found on tractor engines. 


1 Canadian Power Farmer, by D. R. A. Drummond. 
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This work may be done at the time, without - 


removing the shaft if the shaft is not in very bad 
shape. Wrapping around the journal a piece of 
emery cloth which will cover it for the full length; 
around the emery cloth a strap is wrapped once, and 
the operator pulls back and forth on the ends of the 
strap (Fig. 68A). 


Fit backs of liners or bushings first: If there is 
any difference between the two half-liners (bushings), 
they should be fitted to the rod and cap in such a 
way that the oil holes will match. When the liners 
are placed in their seats, it will sometimes be found 
that the flanges are a little too thick to allow them 
to seat properly (Fig. 69). 


The sides of these flanges should be dressed down 
carefully with a fine file until the shell will almost 
seat. Itis driven the rest of the way with a hammer 
and a round block of wood. 


Liner riveted to prevent turning in shells: With 
the liner or bushing in place, the anchor rivets or 
screws should be put in and drawn up to place. 


If screws are used, they should be screwed in tight 
and then riveted, to keep them from turning back 
and scratching the journal. 


In some bearings neither screws nor rivets are 
provided, and the operator occasionally has trouble 
with the liners seizing on the shaft and turning in 
their seats. In this case it is just as well to drill the 
rod, cap, and liners, and to put in either rivets or 
brass screws (Fig. 70). 


With the liners anchored in place, they should be 
filed flush with the top surface of the shells, and if 
they cover part of the bolt holes they should be 
filed to make the holes round. 


Fitting the bearing to the shaft: To fit the bearing 
to the shaft each half should be fitted separately. 
It will probably be found that the bearing is a little 
too long to go down in place properly, and a little 
metal should be filed from each end of the bearing 
until it goes into position with the end play about 
equal to the thickness of a piece of ordinary writing 
paper. In doing this work, the edges of the shell 
should be rounded off with a bearing scraper to 
correspond with the rounded fillet on the crank-case 
journal. The shaft is coated with a very thin layer 
of Prussian blue, and the half-bearing is placed in 
position and worked back and forth on the shaft. 
The blue on the shaft will mark the high spots on 


. time. 
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the bearing, and these should be removed with a 
bearing scraper as previously explained under 
“Spotting-in and scraping bearings.” 


While scraping a bearing, care should be taken to 
scrape a very little at a time, as making deep cuts 
only moves the high spots from one place to another, 
and the job might go on indefinitely. The marking 
and scraping operations should be continued until 
the blue marks the full surface of the bearing. 


Assembling the bearing: When both halves of 
the bearing have been fitted to the shaft, the whole 
may be assembled and this is where a great many 
operators fall down. There should be the same 
shimming in each side of the bearing, and there 
should be just enough shimming used so that when 
the bolts are drawn up tight the shaft can be turned 
by hand. This means that the rod, cap, shims, 
bolts, and nuts will form one solid piece. 


If, when the bolts are tightened, the shaft cannot 
be turned, shims should be added until the proper 
fit is obtained. Under no circumstances should the 
nuts be slackened to obtain the proper fit, as this 
leaves a certain amount of play on the bolts, which 
soon causes the shims to wear out and the bearings 
to be badly damaged. 


When the nuts have been drawn up tight, it may 
be found that the slots in the nut do not match the 
holes in the bolts. In this case, the nuts should be 
removed and enough metal filed from the bottom so 
that they can be turned up to match. The nuts 
should not be turned back even part of the whole 
width to get the pinsin. New pins should always be 
used in reassembling these bearings, as old ones are 
liable to break, causing serious damage to the engine. 


Main bearings:! The main crank-shaft bearings 
are fitted in much the same way, except that all the 
upper liners or bushings must be fitted at the same 
Fitting one bearing at a time would be 
pretty sure to result in getting one lower than the 
other, which would cause the shaft to bind when 
the caps were put on. The caps, on the other hand, 
may be fitted one at a time, the usual practice being 
to start at the center. 


The job of fitting bearings is not a hard one, but 
calls for care, precision, and a certain amount of 
mechanical ability. The work outlined above 
may easily be adapted to almost any kind of tractor 
motor bearing. 


ALIGNMENT OF PISTON AND CONNECTING ROD 


What follows is not a part of the tractor engine 
bearing subject just treated, but refers to pistons 
and connecting rods in general. 


After having fitted the bearings, as previously 
explained, the rod bearings should now be tested for 
parallelism. The piston pin and the crank-throw 
must be parallel, and the bearings that they move in 
must also be parallel, or binding and rapid wear will 
take place. This should be done before and after 
scraping the bearings. 


If the connecting rod is distorted or bent, to even 
the slightest extent, it will cause a knock or ‘piston 
slap” and wear on one side of the cylinder wall, and 
will also cause the rings to stick and leak; therefore 
before assembling, some means must be found o 
determining if the piston is in perfect alignment with 
the connecting rod, crank shaft, and cylinder. ~ 


Very often, knocks that develop in engines (after 
they have apparently been thoroughly overhauled), 
will be found to be due to the fact that the connect- 


ing rods are slightly bent sidewise, or got out of 
true when fitting the cylinders down over the piston, 
or when removing and replacing them. One 
cylinder will get a slight lead, or one ring does not 
properly enter, the cylinders are twisted, and in an 
effort to align them, the rods are bent. When the 
engine is finally assembled, it is very noisy, due 
entirely to the fact that one or more of the rods 
have been bent sidewise, and when the force of the 
explosion is exerted on the piston head, the wrist- 
pin end of the connecting rod is driven sidewise 
against the piston boss. 


_There are three disalignments possible in the 
piston and connecting rod: An offset in the direction 
of the crank shaft; the rods may be bent to right 
or left in the direction of the crank shaft; a twist 
in the connecting rod may exist. 


Before replacing these parts, great care should be 
taken to have them in perfect condition before they 


1See also Index under “Adjusting truck engine bearings.” 


2 


ENGINE BEARINGS 


are assembled. To make sure, they should be 
tested on a device as shown in Figs. 72 and 73. 


Face Plate 


Testing Con- 
necting Rod To See 
If Bent. {f So, Str- 
aighten With Tool 
M 56 


Piston 


Piston 
Should 
Touch tee 
Points X 


Connecting 
Rod 


Bushing 


Fig. 72. A connecting-rod aligning jig. Note that the 
test is for the purpose of ascertaining if the connecting rod is 
pent sidewise. [If all of the side of piston comes flush with the 
face plate and if they touch at points (X), then the piston and 
connecting rod are in alignment. If, however, the piston 
touches at the bottom at (X) but not at the top, then the con- 
necting rod is bent to the left. If it touches at the top and not 
at the bottom, it is bent to the right. Note that the test is 
made on a mandril. If bent, it can be straightened with a 
straightening bar, as shown at (M56).'_ This device is used for 


straightening the connecting rod if bent or twisted. 


Should Touch on 
Each Side 
At Points X : 
Fig. 73. The same device as shown in Fig. 72 is being used 
to test the connecting rod to see if it is twisted. It is clear 
that if the piston pin (PP) should not touch the surface blocks 
at both points (X), the connecting rod is twisted and should be 
bent back with the tool (M56) (Fig. 72).1 
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Fie. 74. Another method of lining up connecting rods of 
block-type engines with the base of the engine. (S) represents 
a square placed alongside the connecting rod (C) to determine 
whether it is true or not. If the rod is true and the piston is 
square, the space at (A) and (B) should be the same. 


1These devices are sold by the Service Station Equipment 
Co., Chicago, Ill. The Continental Auto Parts Co., Columbus, 
Ind,, also manufactures devices for aligning purposes. 
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Another example which will illustrate to what 
lengths makers are going in order to insure the 
pistons working absolutely parallel with the bores 
is the method of checking the alignment of the 
piston and rod in the Rice enbackor engine. If a 
connecting rod is found to be slightly bent, instead 
of its pene bent to shape while cold, it is faced off in 
a special fixture by grinding. This will insure no 
stresses being set up in the rod when it is heated 
while the engine is operating. Thus there is 
assurance that the pistons will at all times work 
correctly in the bores. 


Fig. 75, A ground arbor and a square can be used to check 
up the alignment of the connecting rod and piston assembly. 
This should be done both before and after scraping the bearings. 


ile 


Zz 


Fig. 76, The illustration is exaggerated in order to show 
how a piston that is cocked as a result either of the connecting 
rod being out of alignment with the piston or too great a piston 
clearance will scrape oil up on one side and down on the other 
side of the cylinder walls. 


The connecting rod has come in for a good deal of 
attention during the last yearorso. In nearly every 
case makers are now finishing their rods much better. 
Some go so far as to machine the rods all over, and 
take great care in balancing them. Heretofore some 
makers have weighed their rods, and if they were 
within 14 oz. of each other, they passed inspection. 
These same makers now carefully balance the rotat- 
ing ends of the rods and the reciprocating ends, be- 
cause it is of prime importance to get the rotating 
weights alike as well as the reciprocating weights. 


In order to get a better distribution of the load on 
the connecting-rod bearings, many engine makers 
now are flaring the ends of the connecting rods. 
This naturally results in such a bearing wearing 
less, because the load imposed upon it by the 
explosion stroke is taken over a greater spread, 
than where the I-beam part of the rod is brought 
to the cap end in approximately a right angle, or a 
small fillet. 
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Fig. 77. The spade type of flared-end connecting rod now 
being introduced. 


The Universal Crank-Shaft Support and 
Aligning Fixture 


A device (Fig. 78) for aligning connecting rods and supporting 
any make or size of automobile engine crank shaft, so that the 


Fig. 78 
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i i i ds and 
connecting-rod bearings can be fitted, and connecting ro 
pistons Ba be tested for alignment at the same time, is shown 
in the illustrations. 


te that in Fig. 78 the crank shaft is clamped to the face of 
ihe ae the other end of the shaft being supported by the 
floor stand. The connecting rods can be fitted in this position; 
one advantage in fitting connecting rods in this manner being 
that the bearings are “spotted” to the shaft. _The connecting 
rod can be turned a complete circle, thus insuring a more 
perfect marking, or, in other words, the entire circumference 
can be “‘spotted.”’ 


Fig. 79 


After the connecting rods are fitted to the shaft, the connect- 
ing rods and pistons are both tested for alignment with the 
square. Thus each piston is squared on its own bearing. 


When a shaft is not taken out of the engine, mandrels (see 
Fig. 78) are supplied to be used instead. The outfit shown 
above sells for $60 and is manufactured by the H. & H. Machine 
Co., St. Louis, Mo. 


IMPORTANCE OF OIL PRESSURE IN RELATION TO CRANK-SHAFT BEARINGS 


As an example, we will use the Oldsmobile eight- 
cylinder V-type engine, model “‘45-B.” 


Oil-pressure regulation: 
shown in Fig. 80. Note the position of the oil-pres- 
sure adjusting screw and the ball-check valve. Dirt 
beneath this valve will cause a drop in pressure, and 
may be removed by snapping the ball up and down 
a few times with a piece of wire inserted through the 
oil passage. 


The oil regulator is 
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Fig. 80 
Fig. 80. Oldsmobile (eight-cylinder, V-type engine)  oil- 
pressure regulator. 
Fig. 81. The main bearings are bolted to the left cylinder 


block. Note the return oil groove, 


e This should be free to 
permit the oil return, 


The oil-pressure regulator is on the front left-hand 
side of the engine, as shown in Fig. 80. If the oil- 
pressure gauge on the dash registers below 5 lbs. at 
10 m.p.h., it is necessary to regulate the oil pressure. 
The following is the method: 


_ 1. Serewing the oil-pressure adjustment screw 
inwards should raise the pressure, and remedy the 


conditions. When the engine is steadily raced, a 
maximum pressure of 25 lbs. should be shown on 
the gauge. 


2. If this is not the case, remove the oil line from 
the pump to the regulator, and also the elbow at- 
tached to the regulator. Then with a 3/16” wire 
or rod, bent at right angles for 34’, reach into the oil 
passage and depress the ball valve afew times. This 
will release any dirt beneath the seat which has 


caused low pressure. 


After replacing the parts, it will be necessary to 
adjust the oil-pressure screw as directed. It is also 
advisable to drain the crank case and flush it out 
with kerosene, when conditions are as described. 


A medium-weight oil should be used, and, as is 
common with the present-day low-grade gasoline, it, 
will be best to drain the oil, flush out the base, and 
replace new oil every 500 miles. Five quarts of oil 
are needed to completely replenish the oil supply. 


Should a crank-shaft bearing ever burn out, it 
will be necessary to see that all oil passages are 
tested for clearness before replacement is made. 


If any of the oil passages in the crank shaft are 


stopped, a 1” twist drill may be used to remove 
the babbitt. 


Testing should not be done with an air hose. The 
best method is to clean the end of the oil passage 
and blow by means of the mouth; the mechanic can 
thereby feel exactly the condition of the oil passage. 

Cleaning oil lines: Usually a short-length twist drill is used 
for clearing babbitt out of the crank shaft after a bearing is 


urned out. Most tool stores carry long-shank twist dri 
with which this work can be carried out better. sa 


_ This precaution applies equally well if a connect- 
ing rod bearing burns out. Before the new bearing 
1s Installed, all oil passages should be cleaned with 
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compressed air. Very probably one will find a 
thick, black, pasty substance in the oil pipes con- 
necting the crank cheeks, and also in the drilled 
passages in the crank shaft. This is carbon, road- 
dirt, and oil emulsion formed by the mixture of oil 
and water—the water being one of the products of 
combustion or having entered the crank case through 
a leaky head gasket. 


Fig. 82 Fig. 83 


_ Fig. 82. A piston clamp, as shown, facilitates piston and 
ring replacement through the crank case. 


Fig. 83. These are the running clearances that should be 
observed when refitting the connecting-rod bearings. 


_ _ Ifairis not available, use a tire pump by removing 
_ the connection and applying the end of the hose to 
_ the mouth of oil holes. 


_ _ Connecting-rod bearing clearances: In fitting 
_ the connecting-rod bearings, it is essential that the 
= correct clearance be observed in order to give proper 
-action. If the mechanic uses those methods com- 
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1. Fit the babbitted bushing to the crank-shaft 
bearing, and bolt the fork rod tightly in place. 


2. Procure a strip of shim brass 34’’ wide and .001” 
to .0015” thick, just long enough to lap around 
the plain rod bearing on the bronze bushing (see 
Fig. 84). 


3. Bolt the plain rod in position and adjust until, 
when the bolts are tight, the plain rod may be 
turned, but not loosely. Then if the brass shim be 
removed, the plain rod will have the proper clear- 
ance. 


The side clearances may be checked up by means 
of a thickness gauge. It is essential that the clear- 
ance shown be followed. An absolute check on the 
bearing fits may be determined by using an inside 
and outside micrometer, and the careful mechanic 
will use this method instead of rule-of-thumb 
methods. 


Adjustment of main bearings on the Oldsmobile 
model ‘'45B” is described below and serves as an 
example of how bearings are adjusted on the average 
eight-cylinder V-type engine: 


1. Remove the oil pan, place a jack under the 
flywheel “‘take the strain’”—noting carefully if the 
crank shaft has any motion in the bearing. If such 
motion exists, remove the main bearing cap and take 
an equal number of shims from each side of the bolts, 
usually about two. 


2. Examine the cap carefully to see that the crank 
shaft has a good bearing. In some cases the lining 
of the bronze bearing has been partially ruined, from 
lack of oil, which later causes leakage from the rear 
end of the engine. 


_ mon in fitting the connecting-rod bearings on four- 
- cylinder engines, the bearings will be drawn too tight 
- and will cause future trouble. 


_ The plain, or blade rod shown in Fig. 83 bears on 
"a bronze bushing, which in turn runs on the crank 
-shaft. If this bearing does not have from .002- 
~ 003” clearance, the bushing will expand faster 
- than the plain rod and cause binding. This condi- 
~ tion will be indicated by a burning out of the babbitt 
around the center of the bearing proper. 

The following is the proper method of fitting the 
plain or blade-rod bearing to obtain the proper 
- clearance. 


3. Use air hose or a tire pump to blow through 
the drain hole which brings back the oil from the 
rear of the rear main bearing into the oil pan; this 
is a “cored” passage beneath the bearing, and con- 
nects with a groove in which a collar formed on the 
crank shaft revolves, throwing off the oil. There 
may be dirt or a stoppage at this point, preventing a 
proper return of the oil to oil pan. 


4. When all of these points have been taken care 
of, replace the bearing cap and tighten up firmly. 
Crank the engine by hand. If it is not stiff, but has 
more “feel” to it than existed before you made the 
adjustment, this will indicate that the bearing is a 
close and proper fit. If it is still quite free, it would 
be advisable to check the bearing again, and see 
that it is not loose. 


Note. Inremoying shims, be sure to take the same thickness 
from each side. 


CAD REMOVED 


Fig. 85. Method of oiling the main bearings on the Mitchell. 
The space back of the bearing forms a reservoir, the oil being 
forced through holes (D) and (E) under pressure. 


_ Fig. 84. A strip of shim brass applied in the manner shown 
above enables the mechanic to obtain the proper clearance 
between the blade rod and the bearing proper. 


RELATION OF VIBRATION TO BALANCE 


Periodic Vibration 


A vibration is said to be periodic when it recurs at 
equal intervals. Thus, during two revolutions of 
the crank shaft (one cycle), certain vibrations occur; 
if, during the next two revolutions (cycle), these 


The detailed consideration of vibrations is very 
complex and is only of interest to specialized engi- 
neers. However, some of the factors that affect 
vibration are of interest to the mechanic and car 
owner and will be taken up in an elementary way. 
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same vibrations are repeated, they are said to be 
periodic, that is, they occur at every two revolutions 
of the crank shaft. 


Balancing 


Balancing may be considered as the effort to 
reduce the effects of vibration. It resolves itself 
into two main classifications: (1) balance of rotating 
parts; (2) balance of reciprocating (up-and-down 
motion) parts. 

A part or combination of parts may be perfectly 
balanced when at rest, but may not be balanced 
when the engine is running at a high rate of speed. 
This leads to a further classification of balance as: 
(1) statie balance, which means balance when at 
rest; (2) dynamic balance, which means balance 
when in motion. 

Therefore we may say we have four classes of 
balance: : 

1. Static balance of rotating parts. 

2. Dynamic balance of rotating parts. 

3. Static balance of reciprocating parts. 

4, Dynamic balance of reciprocating parts. 


Balance of Rotating Parts 


The rotating parts include the crank shaft and the 
flywheel. 

It is obvious that in order to obtain static balance 
of rotating parts, it is only necessary to machine 
them so that the weights are equal in all directions 
from the center. 
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The dynamic balance of rotating parts is affected 
by a number of factors, the most important being 
distribution of weight along the length of the crank 
shaft. 


One method of aiding dynamic balance is by 
placing counterweights on the crank throws. 
Another method is the divided flywheel (one in front 
and one in the rear), as used on the Rickenbacker 
engine. Here the flywheel strains are taken up, 
both at the front and rear ends of the crank shaft. 


Whip 


Suppose we made a crank shaft out of rubber. 
It is evident that during a power stroke the connect- 
ing rod would bend the crank shaft out of shape and 
cause it to ‘‘whip” around. While the steel crank 
shaft will not bend like rubber, nevertheless it has 
some elasticity, and it is this deflection (bending) 
that causes “whip.” If the main bearings are out 
of line, the tendency will be to increase the whip. 
Some methods of decreasing whip are: (1) using a 
stiffer crank shaft; (2) placing the main bearings 
closer together; (8) placing counterweights on the 
crank throws. 


Balancing of Reciprocating Parts 


_The reciprocating parts comprise: pistons and 
rings, wrist pins and connecting rods. 


To produce static balance of the reciprocating 
parts, 1t 1s necessary only to have the parts equal in 
weight, that is, all pistons with rings and wrist pins 
equal in weight, and all connecting rods equal in 
weight. 
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PISTONS: Types, Construction, and Fitting; Piston Clearance; Standard 
and Oversize Pistons; Piston Repairing; Lapping Piston and Rings in 
Cylinders; ENLARGING CYLINDERS: Different Methods of Finishing 


Bores of Cylinders 


PISTONS 


The piston acts as a seal for compressing the gases 
and for transmitting their energy to the crank shaft; 
it functions also as a guide for the piston pin. It 
should, therefore, fit the cylinder as closely as pos- 
sible, and should be as long as possible. 


Pistons are usually made of cast iron, and this 
type is the one in general use. When heated, cast- 
iron pistons expand, but not as much as aluminum- 
alloy pistons. 


Aluminum-Alloy Pistons 


Aluminum-alloy pistons are used in some engines. 
They expand more than cast-iron pistons, but since 
they cool more rapidly than cast iron, they permit a 
higher compression pressure. (Higher compression 
increases heat.) By reducing the weight of recipro- 
cating parts, quicker acceleration is also made pos- 
sible. They give longer life to the bearings by 
reducing the bearing pressure, especially at high 
speeds. The inertia of the reciprocating piston is 
reduced approximately 67 per cent. This cuts 
down side pressure, or thrust, on the walls of the 
cylinders and reduces friction and the consumption 
of lubricating oil. _The great heat conductivity of 
aluminum alloy lessens the carbon deposit on the 
piston head, and the deposit is more easily removed. 
It is claimed that in cases of extreme heat the lynite 
piston will not “score” or cut the cylinder walls. 
It is a proved fact that the lighter the piston, the 
quicker it will operate. Therefore greater speed 


and flexibility are the result. 


The main drawback, however, is the “slap” 
which often occurs, as explained on page 779. Un- 
less the pistons fit or the clearance is exact (and it 
will be observed that if the aluminum-alloy piston 
expands twice as much as a cast-iron piston when 
heated, it would be necessary to give twice the 
clearance), the clearance of an aluminum piston 
when cold is considerably more than cast iron. 
Thus, until the engine is warmed up, there is more 
or less slapping noise. As the heat increases, 
however, the piston expands and the noise disap- 
pears. But during this expansion period raw gaso- 
line is drawn into the cylinder, past the pistons, into 
the crank case, thinning the oil. Many methods 
have been devised to overcome this objection. 


Gray-iron pistons or semi-steel pistons still are 


- used by the majority of engine makers. With all 


their other advantages, aluminum-alloy pistons, as 
just explained, still have the disadvantage of having 
a rate of expansion different from that of cast iron, 
of which the cylinder is made. The rate of expan- 
sion is considerably greater, and therefore with alloy 
pistons it has been necessary to allow two or three 
times the piston clearance that is allowed with cast- 
iron pistons. 

A long step in advance is the constant-clearance 


type of aluminum piston. Briefly, this is a piston 
which does not expand in the same way as we think 


of when speaking of piston expansion in an iron 
piston. Usually there is a cut in the piston, so that 
when the piston does expand it simply closes this 
cut and does not, therefore, change its diameter. 
Hence the clearance substantially remains the same 
in all cases. _Where the constant-clearance type of 
piston is used, it is generally made with an opening 
extending circumferentially around the piston 
excepting for a small portion where the piston pin 
bosses are located. The object of this slot is to 
separate the upper portion of the piston, or heat 
portion, from the skirt. 


A very good example of the constant-clearance 
type of piston is that used in the Cole Hight (Fig. 
1). The pistons are cast of aluminum alloy in a 
metal mold and are slotted circumferentially below 
the lowest of the three piston rings. 


Fig. 1. Sectional view of the Cole aluminum-alloy piston. 
The slot is cut by a 1/16” saw and extends over 
an are of 83° on each of the two pressure sides of 
the piston. By means of central ribs the load 
resulting from the gas pressure is transferred directly 


from the piston head to the piston bosses. The 


pistons are a snug fit in the cylinder, even when cold. 
There is, therefore, no undue noise in the engine 
when first starting up. When heated, the sides 
expand circumferentially and along the diagonal 
slot without increasing the outside diameter. 


A piston adopted by the Essex is also of the con- 
stant-clearance type. In order to use small clear- 
ances and still avoid any trouble due to expansion 
of the metal, the piston skirt is slotted and split and 
joined to the head only above the piston pin bosses. 
Interior ribbing makes for an exceptionally strong 
piston in which binding of the piston pin has been 
eliminated. Besides eliminating the effects of 
expansion of the piston, the slots act as oil drains. 
There are three rings above the piston pin and two 
oil grooves below. (Motor Age.) 


The layout for the making of this piston (Fig. 2) 
has been arranged in the belief that piston wear, oil 
pumping, and failure of the piston rings to make 
proper contact with the cylinder walls are due 
largely to misalignment. This misalignment causes 
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the piston to cock in the cylinder so that one side of 
it becomes a scraper, giving unequal lubrication 
around the walls, as shown in Fig. 76, page 803. 


THREE PISTON RINGS 
PISTON ALUMINUM. 


SLOT CUT AFAN ANGLE 
UN PISTON SKIRT 


TWO OIL GROO 


EXHAUST VALVE 
COMBUSTION. CHA 


PISTON 
ALUMINUM 


Fig. 2. Essex aluminum-alloy piston and section of 
cylinder head. The Hssex engine is the type which has intake 
valves in the cylinder head and exhausts in the side. The gas 

assage is arranged so that the carburetor is placed above the 
inlet port and valve. Thus the flow of gas to the inlet valve is 
downward, the exhaust being at the side. The inlet valves 
are 174” in the clear, with a lift of .3125/’, The exhaust valves 
are 13”, with a lift of .325”. With this arrangement, and by 
the use of aluminum pistons which cool readily, the use of 
the large valves and high compression is permissible. 


The spark plugs are located on the right side and the ends of 
the plugs fire in a depression in the head. There are four such 
depressions or cups. This design is used so that the plugs are 
constantly fanned by flame, with the result that oil is quickly 
burned away, if any should work its way up. 


The skirt of the piston is split with a slot cut at an 
angle; so that it does not work vertically in the 
cylinder, but with a sliding motion. Part of the 
piston and rod assembly operation is such that a 
final check is made on the alignment of the piston 
and makes it certain that the latter will operate 
on a true axis. 


Light [ron or Semi-Steel Pistons 


Where iron or semi-steel pistons are used, there 
has been a tendency to get them very light. In 
fact, some of the semi-steel pistons weigh little more 
than aluminum-alloy pistons. Flexible pistons of 
this type have the advantage that they will shape 
themselves into the cylinder bores in which they 
are working. In other words, the pistons will con- 
form much better to the shape of the cylinder, should 
the latter wear oval. 


One of the things in favor of the semi-steel piston 
is that owing to the nature of the metal it can be 
machined to much closer limits than is the case with 
castiron. There is, therefore, a reduction in weight— 
and a desirable feature in any of the reciprocating 
parts of an engine. 


Hiss 3.) The Marmon piston is a combination piston, The 
head and body are aluminum, and the skirt is cast iron. 
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Most makers of engines are now polishing the 
heads of the pistons. It is well known that carbon 
or soot will not so readily adhere to a polished sur- 
face, and while it is somewhat more expensive to 
finish pistons in this manner, it is worth it in the 
better appearance and in results. 


The Deluxe Light-Weight Gray-Iron Piston 


Attention is called to the design or construction 
of the Deluxe light-weight gray-iron piston, and to 
the system of ribs or webbing extending across the 
head and down the skirt of the piston. These ribs 
or braces give the piston extraordinary strength and 
permit of the walls between the ribs or braces being 
made very thin. 


The strength of the piston depends almost entirely 
on the ribs or braces extending across the head and 
down the skirt, and very little on the walls between 
these ribs. Actual tests show Deluxe pistons to 
be three times as strong as necessary to hold up in 
the cylinders under all conditions, but they are in 
no case strong enough to withstand abuse or rough 
treatment, nor being handled in the way in which 
ordinary heavy cast-iron pistons are handled. 


Ss 


Fig. 4. The Deluxe light-weight gray-iron piston. 


The manufacturers of the Deluxe piston (Clark- 
Turner Piston Co., Los Angeles, Cal.) claim that 
this piston expands and contracts equally and 
evenly; that it never warps, and that it is always 
round and true and can be fitted to a closer clearance 
than any other piston. Thus, with a close clearance, 
compression leaks and piston slap on starting are 
eliminated, and the other advantages of the alumi- 
num-alloy piston are likewise obtained. 


The clearances recommended by the manufactur- 
ers of this piston are as follows: 


Diameter of Piston Clearance 
Pte to 213/16” allow .0015” 
27" to 3 1/16” allow .002” 
3%” to 311/16” allow .0025” 
3%" to 44” allow  .003” 
45/16” to 415/16” allow .0035” 
Last’ to 514” allow .004/ on skirt 
5 9/16” to 6” allow .0045” 
6%” to 674” allow .005/ 

a to 7%" allow .006” 
8” to 8%” allow .007” 
ye! tomo” allow  .008/” 


Exceptions: Allow .003” on Essex engines and Ford engines. 


% Deluxe pistons are supplied “semi-finished,” finished to 
standard,”’ finished | “exact,’”’ and finished to an. “oversize.’’ 
he semi-finished pistons are from 1/16” to 3/16” oversize, 

according to diameter, and can be finished down to standard, 

or to any oversize up to within .010” of the semi-finished size. 


On orders for “standard” size pistons, clearance is allowed for. 
When ordering oversize pistons, allow for clearance. For 
Instance, if you order a 314” piston finished to .010” oversize 
the finished piston will be .010’ over 314”. If you have a 
regrind job ground to .010” over 334”, then you should order 
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the piston finished to .007” or .0075” oversize, allowing for 

clearance.” In other words, when ordering oversizes you 
receive exactly that size, whereas, when ordering finished to 
standard, a size equal to the diameter of bore, less proper 
clearance, is supplied. 


When ordering pistons always state the name of the car or 
engine, the diameter, and the number of cylinders. 


Cast-Iron Pistons 


_ We shall now confine our attention to the piston 
in general use, which is the plain cast-iron piston. 


The cast-iron piston expands under heat, as do 
all other types—some more or less than others—and 
the extent of this is, of course, governed by the 
amount of heat generated in the engine. On the 
Ford piston, the top is .010’’ smaller than the skirt, 
because the piston is subjected to greater heat at 
the top; consequently there is greater expansion at 
this point. The clearance of a piston is measured 
at the skirt. 


The piston proper is made with grooves for rings 
(R), which are placed as shown in illustration (Fig. 
5), which is of the Ford piston. Note that there 


are two rings above the piston pin and one oil-ring 
below. Sometimes an oil groove takes the place of 
the oil-ring. (B) is the bushing for the piston pin. 


The average automobile engine piston is fitted 
with three rings above the piston pin and one below. 
Pistons are usually ground to fit the cylinders, but 
not to a tight fit. 


Questions and Answers on Pistons 


Q. 1: What troubles result from too loose a piston? 


Ans.: In addition to a “slap” and the wear of the 
cylinder wall, there is a third trouble resulting 
from the gasoline passing into the crank case 
and thinning the oil, thus injuring the bear- 
ings. The piston will also pump oil, causing 
carbon and smoke. 

Q. 2: What is meant by “squaring” the piston? 

Ans.: When fitting pistons in the cylinder, if the 
cylinder blocks are not lowered carefully, the 
connecting rods will be slightly bent; or, if in 
scraping a bearing, one side is higher than the 
other, the piston will set at an angle. It is 
very important that pistons be in perfect 
alignment. See Index under “Alignment of 
pistons.” 

Q. 3: What are pistons usually made of, and what 
is meant by “‘seasoning”’ and “‘heat-treating”’? 


Ans.: Pistons are usually made of cast iron, and are 
not machined for a long time, to allow them 
to set. so that they will not change their shape. 
The result of this is that they do not contract 
so greatly when cold or expand so much when 
heated, thus permitting maximum clearance, 
and reducing ‘‘slapping’”’ when cold. Heat- 
treating is supposed to have the same effect 

- as long seasoning. 
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Q. 4: How are pistons machined ? 


Ans.: They are turned down to within .005” of size, 
then ground to exact size on a special grinding 
machine. On high-grade engines the pistons 
are seasoned or heat-treated, then turned and 
ground to fit each cylinder individually. On 
some of the cheaper grades of engines they are 
not always heat-treated or seasoned, and are 
made in quantities, and the assembler fits the 
pistons to the cylinders as they come, termed 
a Selective fit. 


Piston Clearance 


_ A piston does not fit the cylinder wall tightly. If 
it did, it would seize and stick when it was heated, as 
it expands with heat. 


The piston rings fit tight, however, but, being 
spht and of spring tension, they fit the cylinder at 
all points—or at least they should. For this reason 
clearance must be allowed between the wall of the 
cylinder and the piston. 


Cast-iron pistons require about one-half the clear- 
ance that those made of aluminum alloy require, 
because they do not expand so much under the same 
degree of heat. 


More clearance is required at the top of a piston, 
because here the heat is greatest, and there is there- 
fore greater expansion at the top. 


If pistons are fitted very close to the cylinder they 
will run very quietly but may heat and stick and 
cause the engine to slow down or stop if it is driven at 
a high speed. Jn fact, all new engines should be 
driven at moderate speed for the first 1,000 miles in 
order to work or run-in the pistons, bearings, etc., 
without cutting. 


If pistons are fitted moderately loose, they may 
“slap” until heated up. The practice is to give 
greater clearance for higher speed. 


If pistons fit too loose, a “piston slap” and oil 
leakage will result. 


The amount of clearance depends upon the speed 
of the engine, the efficiency of the cooling system, 
the type of water circulation, and the length of the 
water jacket. If the engine is “hot-running” or 
heats quickly, clearance is increased proportionately. 
If it is “cool-running,”’ give less clearance. The 
clearance needed will vary, depending on the con- 
ditions mentioned. Air-cooled cylinders usually 
expand outwards, which equalizes with the expan- 
sion of the piston. Therefore the same ratio applies. 


How to Determine Piston Clearance! 


The clearance of cast-iron pistons is usually grad- 
uated. For example, refer to Fig. 6. The piston 
is ground straight, or one size from the bottom of 
the skirt up to the lower part of the piston-pin hole. 
From the lower ring groove to the head of the piston, 
the piston is slightly tapered, so that it is from .006” 
to .010’’, or more, smaller at the top than at the skirt. 


The clearance of a piston is allowed at the skirt, 
and, as a rule, this part is ground so as to allow 
approximately .001”’ clearance for each inch in the 
diameter of the piston.” 


For example: If a piston is to be fitted to a 
cylinder of 3” bore, the skirt of the piston should be 


1 The S. A. E. has never adopted any standards for piston 
clearance because the difference in materials, in cooling, and 
in design both of pistons and cylinders, affects the amount of 
clearance necessary. 

2A clearance of .00075/’ (three-quarters of one-thousandth) 
of an inch for each inch diameter of piston is now more generally 
used. 
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Fig. 6 


measured as .003” less in diameter than the bore. 
Thus, in the case supposed, when the cylinder bore 
is 3’’ in diameter the piston should be .003’’ less, 
or 3” — .003’’=2.997” (two inches and nine hun- 
dred and ninety-seven one-thousandths), measured 
at the skirt. 


This rule is not always adhered to. One manu- 
facturer states that they give .002’’ to .003” clear- 
ance to passenger-car engines and on racing cars; 
.003"” to .004” to truck engines, and .004” to fire- 
apparatus engines, regardless of diameter. Where 
engines run for long periods under full power they 
require more clearance than others, and, of course, 
the heating of the engine, the cooling surface, etc., 
as previously stated, are factors governing the clear- 
ance to a certain extent. For example, in fire- 
apparatus engines, where they are run at times for 
long periods, pumping water at full power, it is 
clear that greater heat will be generated; there will 
consequently be greater expansion. Thus in such 
cases 1t is necessary to allow more clearance. 


Tt is also clear that a close-fitting piston is desir- 
able—and the idea is not to give any more clearance 
than necessary. 


No hard-and-fast rule can be given as to the 
amount of clearance which should be allowed 
between the pistons and cylinder walls. There 
are many conditions to be taken into consideration, 
including the construction and speed of the engine, 
the style and material of the pistons, the service 
given the engine, after grinding, and even the char- 
acteristics of the driver himself. 


Even the manufacturers themselves are divided 
on this point, each having his own pet theory as to 
what the clearance should be. Some idea of how 
manufacturers vary can be gathered from the table 
showing the clearances allowed by a few of the 
makers of cars, shown on this page. 


As a general rule, it is safe to allow .00075” to 
-001” to each inch diameter of the bore on cast-iron 
pistons. ‘The majority of the regrinding concerns— 
and, as can be seen from the table above—the manu- 
facturers themselves, shade this a little. This can 
be done, provided that the fitting of the piston rings 
and pins is an A-1 job, and provided that, when 
assembling the engine, every precaution is taken in 
regard to squaring up the pistons and rods, to giv- 
ing the engine plenty of oil, In addition, the driver 
should operate the car at moderate speed the first 
few hundred miles. 
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Manufacturers’ Clearance of Pistons in Cylin- 
ders when Regrinding Cylinders! 


Maker Finish Diameter Clearance toy 7 
Tr: 
Chalmers Grind 314” 0.005” Lynite 
Cheyrolet Ream 3.686” 0.003 Cir 
Continental Grind 34” 001" C.I. 
Continental Grind 3%” 0.002” Car 
Continental Grind 334” 0.002” Cl 
Continental Grind 41%” 0.002 C.I 
Continental Grind 41%” Ci 
Dodge Ream 33%” 0.003” C.1 
(Taper 
Franklin Grind 314” 0.80 Magnalite 
0.001’ 
Hudson Grind 314” 00035 Beir 
Hupmobile Grind 3.248” 0.001” (Oui 
- Real Grind 3.7460” 0.0037" Cr 
Kelly-Springfie rin 4.4970” 0 003” CI 
Locomobile Grind 4%” {o.008” \ C.I 
ar 
Lycoming Grind 3%” OCF 5/7 C.1 
Maxwell Grind 3.622’ plus 0.013” xls 
Mitchell Gund 3 ‘ae c apace ee 
Oakland eam dé f é um. 
Oldsmobile Ream 27%” 0.004” Lynite 
Packard Grind 2.998” 0.002" CoE 
Pierce Grind 414” {6:003”"} Cap 


“Lynite” is aluminum alloy; C.I., cast iron. 


In many cases, piston manufacturers themselves 
can tell best what clearance should be left for their 
particular style of piston, especially on patented 
construction, or on alloy material. 


A prominent piston manufacturer gives the follow- 
ing clearances for different cylinders of different 
diameters, between the finished piston and cylinder: 


Diameter of Piston Clearance 
213/16" or anderin.aaen cee eereeee nr allow .0015” 
NGI (NC MAO BEA SARA Deia ob ob e & allow .002 ” 
DEMS SHAME SEE eo SA aca anbodo ds me allow .0025’” 
BBY $0414. 0 Sic cla ae a ene allow .003 ” 
4 5/16Y tod Vee oe eis ae ee a allow .0035” 
AE Ny eRe a ara Raye so SARE” i ear Ie allow .004 ” 
DOG tO; Of A Ra. ea ne ee ne NE, allow .0045’’ 
O34 tO OSA is Sao tne eRe eimai allow .005 ” 
CEO BRS «lah se Ae ee Oreo ta heel ey hg Oe ae allow .006 ” 
Ford... allow .003 ” 


Piston Clearance; How Measured 


Method of measuring piston clearance: Place 
the inside micrometer caliper (IM) in the cylinder, 
as indicated in Fig. 7, and determine the inside 
diameter of the cylinder (see also page 703). 


ay 


OUTSIDE 
MICROMETERS 


Fig. 7 Fig. 8 


Fig. 9 


Then place an outside micrometer (OM) over 
the piston, as shown in Fig. 8, to determine the 
outside diameter of the piston. 


Then place the inside micrometer (IM) (Fig. 9), 
as shown, in between the outside micrometer, and 
note the clearance, 


1This table is given through the courtes 
i y of the Heald 
Machine Co., Worcester, Mass., manufacturers of cylinder 
Tregrinding machines. (Copyrighted.) 
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In the absence of suitable micrometers, and if 
the pistons are to be ordered, cut a 3/16” bar of 
steel, filing both ends smooth so as to fit the cylinder 
at its smallest point, and number each bar for each 
cylinder. Send these bars to the piston manu- 
facturer and state the clearance desired. 


+ CYLINDER 


INDICATING 
DIAL GAGE 


Fig. 10. A device, termed a dial cylinder gauge, for com- 
paring the diameter of cylinders, to see if they vary, is called 
an Indicator Dial Gauge. Manufactured by B. C. Ames Co., 
Waltham, Mass. 


Note. Ifa piston is fitted to a worn cylinder, it 
will be found that the wear is where the rings travel 
(Fig. 24, page 822), and not at the bottom or top of the 
cylinder. Thus, if the piston is fitted with proper 
clearance at these points, it may have considerably 
more clearance when up into the cylinder, and this 
is One reason why worn cylinders should be enlarged 
and oversize pistons fitted, if worn more than .003”. 
When worn, cylinders are usually out of round, 


Free-Fit and Tight-Fit Piston Clearance 


Frequently instructions advise fitting a piston, 
say .003” “free” or “loose-fit,” and .004” “tight-fit.” 


This means that the piston is placed in the 
cylinder and a thickness gauge (also called a 
“feeler’”’) is placed alongside the piston, between it 
and the cylinder wall (Fig. 11). 


The piston should fit free, or loose, or fairly snug 
with a .003” gauge, and tight with a .004” gauge. 


Yo 
LS 
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Fig. 11. Method of testing piston clearance between 
piston and cylinder wall. The “feeler,”’ or thickness gauge, 
should be tried at several points between the piston and cylinder 
bore. The piston should then be turned a quarter turn and 
checked again. If the piston shows out of round, tap it with a 
rawhide mallet on the greatest diameter of the skirt to trueit up. 


Note. A 1” strip of heavy tough wrapping paper can be 
“miked,” that is, its thickness can be measured with a microm- 
eter and then the paper can be used to test the clearance 
when fitting pistons, by laying it in the cylinder between the 
piston and cylinder wall. 


How Pistons Are Marked 


Pistons are usually stamped on the head, and 
this stamp indicates the diameter at the skirt. For 
example, a standard size piston for, say, a 4}4’’ bore 
cylinder with a .003” clearance’ may be stamped 
4.497”, meaning that 414” in decimals is expressed 
as 4.500” and 4.500’”—.003’”"=4.497”. This method 
of marking, however, does not hold true in all 
instances, as manufacturers have different methods. 


_ When an oversize piston is ordered from the 
manufacturer of a car, the probabilities are that it 
will be stamped for the oversize only. For example, 
suppose the cylinder diameter was 4”, and the 
standard clearance was .003”’, the standard piston 
would then measure 4”—.003’”=3.997”. 
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Suppose the cylinder was worn and the piston was 
loose, and you ordered a piston .002’’ oversize. 
This would mean that the piston would measure at 
the skirt .002’ more than the standard size. It 
may be marked simply .002’’ OS (‘O.8.” stands for 
oversize), or it may be marked the actual measure- 
ment, as 3.999”. The 3.999” is arrived at by add- 
ing .002” to the standard size of 3.997”. 


Standard and Oversize Pistons 


Pistons can be purchased in “standard”? and 
“oversize” diameters. 


A standard size piston is the original diameter of 
the engine cylinder, less the standard clearance. 


The oversize piston is fitted to a cylinder when 
the cylinder is worn, or is enlarged, by re-boring, 
re-grinding, or reaming, as explained farther on. 
In many instances, when a cylinder is worn and the 
piston is loose, an oversize piston of .002”’ or .002 4%” 
is ordered, and it is then “lapped” in. 


Oversize pistons can be secured in sizes .005”, 
010”, .015’’, .020’, .031”, .046”, .062”, larger than 
the original or standard size of the piston. Cylin- 
ders are seldom ground less than .010’ oversize. 

A concern that makes a specialty of oversize pistons, rings 


and wrist pins and that specializes on grinding cylinders is the 
H. & H. Machine Co., St. Louis, Mo. ‘ 


Finished pistons are furnished complete, minus 
rings and pins. 


The Continental Motors Corporation, manu- 
facturer of the Continental Red Seal engine, and 
its parts-distribution depots, carry in stock replace- 
ment or oversize pistons from .002’” to .045” over- 
size. These figures represent the actual oversize of 
the piston, as, for instance, if the standard piston 
is 3.248” diameter, then a .002’’ oversize piston 
would be .002” larger than the standard, or 3.248’”++ 


.002’’=3.250”. 


Miscellaneous Oversize Engine Parts 


Oversize piston pins, are cheaper to use than it is to re-bush 
a piston. Simply ream the bushing when a piston pin is loose, 
and fit an oversize pin. (These can be secured of the H. & H. 
Machine Co., St. Louis, Mo.) 


Oversize valve stems, such as are used on the Ford, where 
there is no provision made to put in cast-iron bushings, are 
necessary when valves become noisy and air leaks into the 
cylinder through the inlet valve, causing missing at low speeds. 
The guide is reamed 1/64” oversize, and a 1/64” oversize valve 
stem is fitted with .002” or .003” clearance. 


Oversize piston rings can be obtained of any supply house 
or piston-ring manufacturer. See page 834. 


Oversize valve tappets and also oversize cylinder head bolts 
can be secured of the Stevens Co., 375 Broadway, New York. 


Questions and Answers on the Standard Bore 
of Cylinder, Standard Size of Piston, 
Standard Clearance of Piston, Oversize 
Pistons, and How a Piston is Measured 


The Ford Piston as an Example 


Q.1: What is meant by a “standard bore” of a 
cylinder? 

Ans.: The bore or diameter of the inside of a cylin- 
der as it comes from the factory. On the 
Ford it is 334” or 3.750”, expressed in 
decimals (three inches and seven hundred 
and fifty one-thousandths of an inch).+ 


1QOn all engines the bore may vary even as much as 002%, 
We shall aes that it varies one one-thousandth on the Ford; 
thus the cylinder bore may be 3.750” or 3.751”. Therefore in 
working out the answers to these questions, we shall assume 
that the bore is 3.750”, which is what it is intended to be, 
although, as stated, almost all cylinders vary at least .002”, 
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Q. 2: 


Ans.: 


Q. 3: 
Ans.: 


Q. 4: 
Ans.: 


Q. 5: 
Ans.: 


Q. 6: 


Ans.: 


Onis 
Ans.: 


Q. 8: 


Ans.:> 


Q. 9: 


Ans.: 
Q. 10: 


Ans.: 
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What is meant by a “‘standard size” piston? 


The diameter of a piston to fit this standard 
size bore, less the clearance. The actual di- 
ameter of a Ford “standard” piston is sup- 
rt) to be approximately 3.748” (it may vary 
LOO); 


What is meant by a “standard clearance’’ of 
a piston? 

The clearance adopted by the manufacturers. 
On the Ford, the standard clearance of the 
piston in the cylinder is as follows: On a 
repair job, a Ford piston should fit to the bore 
of the cylinder so that a .004” thickness gauge, 
placed between the piston and the cylinder 
wall is tight, and at .003”’ is loose. On com- 
mercial jobs pistons may be fitted so that at 
a .006” gauge they will be tight, but in such 
a case the pistons are liable to slap and be 
noisy until warmedup. Therefore if the cylin- 
der is 3.750” in diameter and the clearance is 
to be .003”’, the piston should measure at skirt, 
BOM —nO03 = saree 


Where is a piston measured ? 
At the skirt. 


How much smaller is a piston at the top than 
at the skirt, and why? 


On a Ford, the piston is .010” smaller across 
the head, and .005’” smaller at the second 
ring. The reason for the piston being smaller 
at the top is the fact that cast iron expands 
when heated, and the heat is greater at the 
top where the combustion takes place. 


What is meant by an “oversize piston’? and 
when is it used? 


A piston which is larger than the ‘‘standard 
size” is called an oversize piston. It is used 
when the cylinder is worn, by lapping the 
piston to a fit, and also when a cylinder is 
enlarged, by re-boring, grinding, or reaming. 


Do some of the manufacturers adopt a “‘stand- 
ard oversize piston’’? 


Yes. The Ford has adopted three: a .0025’ 
(two and one-half one-thousandths); a 
.03125” (thirty-one and one-quarter one- 
thousandths), and a .038’’ (thirty-three one- 
thousandths of an inch). 


When is the ‘.0025” oversize piston” used? 


When the cylinder block becomes slightly 
worn, the .0025” oversize can be lapped into 
the cylinder without enlarging the cylinder. 
After running a new car 4,000 miles with 
standard-size pistons, the cylinders usually 
wear enough to be able to fit this .0025”’ over- 
size-piston without much trouble, and it is 
“vun-in.”” 

What is the diameter of a ‘.0025” oversize 
piston”? 

The standard size plus .0025”. 


What is the standard size of a Ford piston 
expressed in “decimals” ? 


If the bore of the Ford cylinder is 334”, or 
38.750” (expressed in decimals), and the 
standard clearance is .003’’, the piston should 
have a diameter of 3.750’—.003” =3.747”, 
which would be standard size. Owing to 
the fact, however, that the cylinders vary 
slightly, the standard diameter will vary 
accordingly. Therefore the fit of the piston 
to the cylinder should be a selective fit. 


Q. 11: 


Ans.: 


Q. 13: 


Q. 14: 


Ans.: 


Would a .0025” (two and one-half one- 
thousandths) oversize piston fit this cylinder? 


If the cylinder was exactly 3.750” in diameter 
and the standard piston was 3.747”, a .0025”” 
oversize piston would mesaure 3.747’+ 
0025” =3.7495” (3 and 74914 one-thou- 
sandths); therefore, if the oversize piston 
measuring 3.7495” was put into the cylinder 
measuring 3.750”, there would be .0005’, or 
only one-half of one one-thousandth of an 
inch clearance, and the piston would seize 
when heated. 


: Then if the .0025” piston is only one-half of 


one one-thousandth of an inch (.0005’) 
smaller than the cylinder bore, this would be 
too tight, would it not? 


Yes, but it is assumed that the cylinder is 
worn somewhat, and the piston can be lapped 
to a proper clearance, if not worn sufficiently. 


Would .002” clearance answer? 


Yes. Infact, many Ford mechanics take out 
the standard-clearance pistons (.003” size), 
even in new engines, and lap in the .0025” 
oversize pistons with a .002” clearance. An 
experienced Ford mechanic states that this 
is his remedy for a piston pumping oil. He 
states that he fits the piston until he can 
easily push it through the cylinders without 
binding anywhere, and then runs the engine 
idle for an hour or so, slowly, and with 
plenty of oil. A .002” or .0025” clearance is 
plenty, as Ford pistons are not polished. 


When is the “.03125”’ oversize piston’’ used, 
and how is it marked? 


The cylinder must be enlarged 1/32” or 
.03125”, by boring, reaming, or grinding, to 
take this piston. The piston can then be 
lapped in enough to polish it. It is marked 
“(03125""—O.8.” (O.S. means oversize.) 
What is the diameter of an “.03125’” over- 
size piston” ? 
The standard size plus .03125”, or 3.747/-++ 
03125” =3.77825”. 
How much would the cylinder be enlarged to 
take this ‘.03125” oversize piston” ? 
If the standard bore of the cylinder is 3.750”, 
then, if we take a .03125”’ oversize piston, it 
oe be enlarged 3.750’ +.03125”= 
OlzorR 


Q. 17. Would this leave ‘.003’’ clearance”? 


Ans.: 


Q. 18: 
Ans.: 


Q. 19: 
Ans.: 


Q. 20: 
Ans.: 


Yes. If the cylinder was enlarged to 
3.78125” and the diameter of an .03125” 
oversize piston was 3.77825”, this would 
leave .003”’ clearance. 

Would you advise enlarging a cylinder to 
to 3.78125”? 

Enlarge to give a .002” free-fit clearance after 
measuring the exact diameter of your piston, 
providing the engine is not used for long 
periods of time at full power, otherwise give 
.003”" free fit. 

When is the “.033” oversize piston” used? 


When the cylinder becomes worn after it has 
been enlarged for the .03125” oversize piston, 
.033” oversize piston is used by lapping 
it in. 
What is the diameter of an “033” oversize 
piston” ? . 

The standard size plus .033”, or 3.747’ 
033=3.780", meen a 
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Q. 21: What clearance would this “.033” oversize” 
require to fit the cylinder? 


Ans.: If the cylinder had been enlarged to 3.78125”, 
then it is assumed that there is wear; hence 
the reason for fitting the .033’’ oversize 
piston. It is thus lapped in for a .002” 
clearance. 


Q. 22: Is it advisable to fit pistons of the same size 
to all cylinders? 


Ans.: Yes, otherwise the engine will be out of 
balance. 


Q. 23: What is meant by a “balanced engine’’? 


Ans.: This is a broad subject, but if all pistons are 
the same size, and all cylinder bores are uni- 
form, then the eylinders will come nearer 
getting a uniform charge of gas; and this is 
still more true if all connecting rods weigh 
the same, and the crank shaft and flywheel 
are perfectly balanced. All reciprocating 
parts should be as light as possible. 


‘Q. 24: What about ‘oversize piston rings” when 


fitting oversize pistons? 

Ans.: Oversize piston rings should also be fitted. 
For instance, if a .0025” oversize piston is 
fitted, fit .0025’’ oversize piston rings; in like 
manner the fitting of rings should be corre- 
spondingly the same for .031’’ and .033” over- 
size pistons. 

Q. 25. How much ‘‘clearance’’ should be allowed at 
the “gap of the ring’’? 

Ans.: The top ring should be given not less than 
.004’” nor more than .008”; the center ring 
may go as high as .012”’, while the bottom 
or oil ring may have as high as .016’, since it 
is necessary that a small amount of oil work 
up between the piston and the cylinder walls. 

Q. 26: How is the clearance measured at the gap 
of a ring? 

Ans.: Place the ring in the cylinder and measure the 
gap with a thickness gauge. If the gap is too 
small, file. 


Q. 27: How are the rings installed? 

Ans.: Ford rings are cut .002” taper, and should be 
installed with a file or punch mark-up. 

Q. 28: Should a ring have equal pressure or tension 
at all points of its circumference? 

Ans.: Byallmeans. See the discussion on the sub- 
ject of “Piston Rings.” 

Q. 29: Is “lapping” by hand advisable? 

Ans.: No. The compound is liable to get into the 

. bearings unless thoroughly cleaned out. 

After running a new Ford engine for 4,000 
miles, it will be found that the cylinder will 
be worn sufficiently to take the .0025”’ over- 
size piston, aud the process would be to fit 
it so that the piston can be pushed through 
the cylinder without binding anywhere, and 
‘then to run-in with plenty of oil, slowly, for 
about two hours. This will take the place 
of lapping. If pistons are out of round, they 
will require reboring. 


Q. 30: How would you “fit” a piston if you did not 
lap it? 

Ans.: Place the piston in the cylinder and work it 
around. ‘Take it out, and you will notice 
bright spots at different points where it binds. 
This is usually around the piston-pin hole. 
Then dress these high places down with a 
mill file and fine emery cloth, being careful 
to wipe off well with gasoline. Then follow 
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Q. 31: What is meant by “running-in’’? 

Ans.: When pistons are fitted so that they can be 
pushed through the cylinder without binding, 
then connect up the engine and run it slowly 
for two hours, using plenty of oil. Then run 
the car for the first 200 miles not to exceed 
15 m.p.h., using plenty of oil. 

Q. 32: Suppose the piston fits too loose? 


Ans.: Then try others, as Ford pistons vary. If 
these are still too loose, and the .031” over- 
size will not go in, then you must enlarge 
the cylinder. When enlarging, however, do 
not make the clearance over .002”, and “run- 
in” the piston in oil. Pistons are not all 
exactly the same size, and are not polished. 
The high spots are dressed down with a mill 
file and fine emery cloth held around the 
piston in the hand while rotating it. The 
piston is then thoroughly cleaned with gaso- 
line to remove all particles of emery and 
filings which would cut the cylinder if left on, 
and is then fitted to the cylinder and is run in. 


Measurements of Ford Pistons 


The diameter”of pistons and the diameter of the 
bore of a cylinder may vary as much as .002” from 
the following measurements: 

Length: 3.808’ to 3.817”. 

Diameter at skirt: 3.748” to 3.749”. 

Diameter at second ring: 3.743” to 3.745’. 

Diameter at top: 3.738” to 3.740”. 

Ring groove: 14” x 13/64” deep. 

Diameter of piston-pin bushing: .740’’ to .741” (15/16” dia. 

_ 17/32” long), phosphor bronze in pairs. 

Diameter of piston pin: .740” to .741” (47/64”). 
Length of piston pin: 314”. 


Piston Replacement 


The three following conditions make it necessary 
to replace a piston: (1) scored pistons; (2) leaky 
pistons; (3) undersize pistons. 


The scored piston, if it is not too badly scored, 
may be dressed off with a mill file. However, this 
practice is not recommended unless the mechanic is 
skilled in the use of a file. Again, a scored piston 
usually means a scored cylinder, which requires 
enlarging the cylinder, and fitting an oversize piston. 


Leaky pistons are found by setting the piston 
bottom side up in a pan of gasoline, or by pouring 
about 1” of gasoline into the interior of the piston. 
The gasoline will seep through any leak. 


Undersize pistons cause excessive wear on the 
walls of the cylinder and cause the engine to knock. 
A cylinder may be made to hold compression by 
fitting new rings on a badly undersize piston, but 
because of the wear on the block, such practice is 
false economy. 


On the Ford car the piston is fitted to the cylinder 
bore so that it is tight on .004’’ and loose on .003”. 
Commercial repair jobs may be fitted tight on .006”, 
but this high limit may result in a piston slap. 


Owing to the jar and rough handling in shipping, 
and the various methods used in storing the pistons, 
they become out of round. In fitting a piston it is 
therefore necessary to watch for this condition. 


Where speed is desired, the lower part of the 
piston is frequently drilled with holes, and the piston 
is made of aluminum alloy, or of light construction, 
to lighten it as much as possible (see Index under 
“Tuning engine for speed’’). 

Note. When replacing a piston, always replace it on the 


same cylinder from which it was removed, as each cylinder 
usually varies in bore to a slight extent. 


814 


DYKE’S INSTRUCTION No. 70 


CYLINDER REPAIRING 


When an engine runs without oil, the cylinder 
wall may become scratched or “‘scored.” In fact, 
cases have been known where the cylinder was get- 
ting plenty of oil, yet, if the rings were loose, the 
flame from the combustion would work past the 
loose ring and prevent it from receiving proper 
lubrication, causing it to heat and cut the cylinder. 


The cause of a scored cylinder is lack of oil, and is 
frequently the result of a loose piston pin, which 
scores or cuts the cylinder wall, thereby permitting 
a leak between the wall of the cylinder and the ring. 


A scored cylinder can be repaired only by re-bor- 
ing, reaming, or grinding. This is a job that ought 
to be done where a special re-boring or re-grinding 
machine is installed. When a cylinder is enlarged, 
oversize pistons and rings must be fitted. 


If the cylinders are not scored too deep, they can 
be lapped in with an old piston covered with oil and 
emery, 28 stated on page 816, or scores can be filled, 
if the cylinders are not out of round. 


Repairing scored cylinders: One method is hy 
fusing silver nickel alloy into the scores and regrind- 
ing the bores. This is called the Lawrence process, 
and is controlled by the L. Lawrence Co., 292 
Halsey St., Newark, N.J. 


Another method is known as the Eagle process, 
controlled by the Eagle Machine Co., Indianapolis, 
Ind. Copper alloy is inlaid and rolled into the 
scores which have been dovetailed, thereby making 
the alloy a part of the cylinder. 


The third process is known as the Bull-Dog pro- 
cess, controlled by the Metal Repair & Supply Co.., 
Washington, D.C. In a way, it is a combination of 
the two methods mentioned above, since the score 
is dovetailed and a metallic filler of high melting 
point is fused into it. 


Seized pistons also cut the cylinder walls and the 
piston itself, 


A “seized” piston is where the piston is stuck to 
the cylinder wall, and this, in turn, is caused by 
excessive heat which can be due to lack of water or 
lubricating oil, or running a new engine at too high a 
speed. 


Remedy for a seized piston: Occasionally the repairman 
receives a call to start an engine that has the symptoms of a 
seized piston, and that has resisted the best efforts of owner of 
the car to start it. At such times the repairman must exercise 
the utmost ingenuity, for the owner has generally tried all the 
easy methods before he arrived. 


In such cases, the first thing to do is to make sure that it is 
the engine and not some other part of the transmission or the 
rear axle that is at fault. The rear wheels should be jacked up, 
the emergency brake released, and the gear-shift lever placed 
in neutral. The wheels should turn freely, and there should 
be no binding in the rear axle system. 


The spark plugs should be removed, or the compression cocks 
opened, to relieve the compression, Then if the crank cannot 
be turned over by hand or by means of the starter, or by the 
two working together, the car may be towed with the gears in 
high and the clutch disengaged. As soon as the car has at- 
tained some momentum, the clutch may be allowed to engage 
gently, care being taken not to allow a sudden motion which 
might strip the gears in the rear axle, or even break a shaft, 


If this does not free the engine, kerosene can be poured into 
the cylinders and allowed to remain for a couple of hours. 
This will have a tendency to dissolve any old oil which may 
have gummed the pistons to the cylinder walls. Then the car 
may be towed again, and an attempt made to turn over the 
engine by engaging high gear. The engine can be turned over 
more easily in high than in low gear because it does not have 
to revolve so rapidly. 


After one has succeeded in turning over the engine, one 
should open the drain cock in the bottom of the crank case and 
drain out the mixture of kerosene and old oil thoroughly. Then 
the new oil should be added, the radiator should be filled with 


hot water in order to expand the cylinders, and the spark plugs 
should be replaced. After starting, the engine should be run 
slowly under its own power for some little time, in order that 


the new oil may work to all parts. 


The first troubles caused by worn or scored - 
cylinders are fouled spark plugs and excessive carbon 
deposits resulting from oul leaking past the piston 
and rings. Compression also escapes by the worn 
parts, causing loss of power and wasting gas and oil. 
A very annoying knock or clatter, known as “piston 
slap,’’ soon develops. The longer the engine runs, 
the worse this condition becomes. An engine in 
this condition is not only wasteful, but also very 
noisy. 


When a cylinder is cut or scored, but not worn, 
and is not out of round, then the score or cut can be 
“filled,” as stated on this page. In this instance 
the original or standard-size piston can be refitted, 
if of the correct clearance. 


If the cylinder is worn out of round (and it is 
usually out of round when worn), then it will be 
necessary to enlarge the cylinder bore and fit over- 
size pistons and oversize piston rings. 


Usually, when a cylinder wears, it wears where 
the rings travel, which is the upper part of the 
cylinder. The lower part of the cylinder may 
measure true, but when measuring the upper part, 
where the rings travel, it will more than likely be 
found to be out of true. If, on observing the rings, 
a black spot is found on the ring and it is not smooth, 
either the ring has lost its tension at this point or 
the cylinder is out of round. The result is that 
the cylinder leaks compression, pumps oil, fouls the 
spark plugs with oil, and consumes oil and gasoline 
all out of proportion to the power delivered. 


When a piston is too loose or the cylinder is worn, 
then a “piston slap” develops, which not only causes 
a knock, as explained on page 779; but in all proba- 
bility the cylinder will be worn at the upper point, 
on one side, owing to the explosion pressure forcing 
the piston, at an angle, constantly against the wall 
of the cylinder. This permits gasoline to pass into 
the crank case and to thin the oil, and also permits 
oil to pass into the combustion chamber. A bent 
connecting rod will also cause a piston slap. See 
also page 802. 


_ To test a cylinder to see if it is out of round, an 
inside micrometer caliper (page 810) is necessary. 
The cylinder should be tested from top to bottom 
carefully and thoroughly. If out of round .003” or 
more at any one point, then the only safe remedy is 
to have it re-ground and new pistons ground to fit. 
After an engine is run 20,000 to 30,000 miles, it most 
likely needs re-grinding. 


To test a piston, an outside micrometer is used. 
The piston, of course, will measure less at the top 
than at the skirt, but it should be true. If it is not 
true, or if the clearance between piston and cylinder 

vall is greater than normal, then a new piston should 
be ground to fit the cylinder. Pistons out of round 
cause oil pockets, which results in an excess of oil 
entering the combustion chamber, 


When and How Much to Enlarge a Cylinder 


The following will determine the necessity of 
enlarging a cylinder: (1) the cylinder condition ; 
(2) the piston condition. 


To determine how much to enlarge a cylinder, 
depends upon how much out of round, how badly 


PISTONS; ENLARGING CYLINDERS 


worn, or how deep the cut is. Usually, one of the 
dimensions stated, or the 8. A. E. standard oversize 
for pistons (below), will meet all conditions. One 
must be careful, in enlarging a cylinder, to see that 
the wall of the cylinder is thick enough to stand the 
enlargement. 


No uniform practice has hitherto existed as to 
the amount of metal to be removed in re-grinding 
worn cylinders, with the result that difficulty is 
experienced in securing new pistons of correct size 
from the manufacturers. 


Oversize Cylinders (S.A.E. Standard) 


With a view to eliminating all unnecessary ex- 
pense and delay, the following standards have been 
adopted by the Society of Automotive Engineers, 
and pistons to correspond can be obtained from most 
engine manufacturers. 

10 one-thousandths of an inch (.010”) large for 1st 
20 = cs - ie (.020’’) large for 2d 


.030’’) large for 3d 
40 ‘ vt cee .040’") large for 4th 


The meaning of Ist, 2d, 3d, and 4th is this: If the 
cylinder is scored or cut, say, .009’ deep, then bore it 
to fit a .010” oversize piston. (Or enlarge the bore 
to the original diameter, + .010’.) If cut .011”, 
then bore it for a piston .020’’ oversize—but not 
between the two. In other words, a number of 
automobile manufacturers furnish pistons larger 
than their standard product by increments of .010”, 
thus making it possible to re-grind scored or worn 
cylinders to these S. A. E. standards and to procure 
pistons from stock. 


Cylinder and Piston Information 


What constitutes a perfect cylinder? A cylinder 
block, before it is machined ready for use, has holes 
in it which represent the cylinders, but are consider- 
ably smaller than the size required. For instance, if 
the cylinder is to be 4” in diameter, when machined 
and ready for use, the original hole will be about 4” 
smaller. This is because it is impossible to cast a 
perfectly smooth and true surface, and the holes, or 
cylinders, must be bored out by machinery to arrive 
at this result. A cylinder-boring machine is used 
for this, and generally two cuts are made in the 
cylinder, a cut which removes ali the material 
except just enough to be taken off in the finishing cut, 
which is a very fine cut. Sometimes a third cut is 
necessary to obtain the exact size, and when this is 
completed the cylinder walls are perfectly straight 
from top to bottom. The cylinder is perfectly 
round and the surface of the wall is nearly as smooth 
as polished glass. A cylinder in this condition is 
said to be in perfect condition. 


Examine the condition of the cylinders in a job. 
First, see if the cylinder walls are perfectly smooth 
and free from scores or scratches. Second, see if 
the diameter of the cylinder is the same throughout, 
that is, beginning at the top and measuring the 
diameter about every inch of the depth of the 
cylinder. Having done this determine whether the 
cylinders need repairing. If the scores or scratches 
are very slight, they may be remedied by lapping, 
but if they are too prominent they must be re-bored. 
The lapping process may be done without any special 
equipment, but the re-boring requires a boring 
machine, or at least a special boring tool which can 
be operated by the lathe by hand. 


When a cylinder requires lapping or re-boring, 
it is understood immediately that the old pistons are 
useless, so far as this particular job is concerned. 
Lapping or re-boring increases the size of the 
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cylinder, and the pistons which undoubtedly are 
worn considerably will be too small. 


_There are several methods of lapping cylinders. 
Since the old piston will be of no further use, it 
probably will be the handiest to use. Remove the 
connecting rod and attach the piston to a shop- 
made lapping bar. Apply a moderate quantity of 
fine valve-grinding compound, thinned with engine 
oil, to the outside wall of the piston and insert it in 
the cylinder. Work the piston up and down in 
the cylinder with the same motion as that described 
for valve grinding. Keep this operation up for a 
few minutes and withdraw the piston. Wash the 
cylinder thoroughly with gasoline, and wipe it dry 
with a soft cloth. Examine it now to see how nearly 
it presents a fine, smooth surface. When sufficient 
lapping has been done to restore the prefect condi- 
tion of the cylinder, it is ready to be measured for 
diameter. This measurement is noted, and when 
making or ordering a new piston, it is made about 
0.003” smaller than the new bore. About 0.003” 
is the proper clearance between the piston and cylin- 
der wall of 4” bore. 


There are cases when the scoring of a cylinder is 
so bad that lapping would be useless, and the 
cylinder must be re-bored or reground. In this 
case the most satisfactory results are obtained 
by turning this part of the job over to a machine 
shop that is specially equipped for this class of work. 


Remarks on Piston and Rings 


Next in order are the pistons and rings. Very 
much the same can be said of the pistons as has been 
said of the cylinders. ‘Their wearing surfaces should 
be perfectly smooth, the same as the cylinder wall, 
but if their surface is badly scored or scratched there 
is no repair for them. 


When a piston is perfect except for a small amount 
of even wear, for instance, 0.002’ or 0.003” too 
small, the trouble can be remedied by heating and 
expanding the old piston. The heating is done in 
charcoal, and should be done very slowly and care- 
fully. After the piston reaches a red heat, permit 
the charcoal fire to die out slowly so that the piston 
is cooled in its charcoal bed. Pistons can be ex- 
panded to as much as 0.004” in this manner, if the 
work is done properly. 


Piston rings loose their tension after long use, and 
cease to have enough strength to press against the 
cylinder wallallaround. Asa result oil is permitted 
to pass by them and to enter the combustion cham~ 
ber. Besides, compression sometimes is lost, be- 
cause the gas is permitted to escape past the rings. 
Excessive oil coming up into the combustion cham- 
ber is one of the first indications of poorly fitting 
rings. If plain rings are to be fitted, care must be 
taken to fit them properly. The gap between the 
ends should not be less than 1/64” nor more 
than 0.020’. In the case of fitting patented rings, 
the manufacturer has a specially machined ring for 
each type of engine, and it would be well to, specify 
the make and model of engine when ordering. If 
the engine has been rebored, the amount of oversize 
should be stated. (Motor Age.) 


Lapping Piston and Rings to a Cylinder 


Lapping piston and rings: When a new set of 
pistons and rings is installed in a cylinder which has 
been worn slightly out of round, the practice is 
to “wear in” or “lap in” each piston asembly for a 
few moments by moving the piston assembly 
slowly up and down in its proper cylinder after 
carefully coating the cylinder wall and the piston 
assembly with a fine “lapping compound.” 
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When this practice is employed, care must be 
used to remove all particles of grit from the cylinder 
wall or the piston assembly by a liberal washing in 
kerosene of all parts to which the “lapping com- 
pound” has been applied. Thorough workmanship 
also demands that the rings be removed from the 
pistons before washing, in order that no particles 
may find lodging behind the piston rings. These 
particles of grit might later find their way out and 
perhaps severely score the cylinder wall or ruin the 
bearings in the engine. Replace each ring in the 
groove from which it was removed. 


Lapping Slightly Scored Cylinders 


if the cylinders are slightly scored, they can be 
lapped with an old piston. It is not desirable to 
use a new piston, because it willbe worn away. For 
the same reason new rings should not be used in 
the piston during the lapping process. 


if the cylinders are badly scored, an old piston 
with old rings should be used, and after all marks 
are removed the new rings should be lapped in 
place, using an old piston. 


When the cylinders are badly scored, an expand- 
ing lapper may be used instead of the old pistons. 


Aluminum pistons cannot be treated in the same 
way as cast-iron pistons, because they are too soft. 
High spots on the pistons may be removed by means 
of a semi-cylindrical brass lap into which the 
piston fits. 


Lapping Rings to Cylinder 


If the cylinder surfaces are in good condition, 
only the rings need be lapped. The purpose in lap- 
ping the rings is to make them fit tightly against the 
cylinder surfaces at all points. 


The lapping process consists in moving the rings 
back and forth in the cylinders in connection with 
a mixture of ground glass and cylinder oil, or car- 
borundum and cylinder oil. The abrasives should 
be the finest obtainable. 


When the rings bear all around, the work is 
finished. This can be seen with the naked eye. See 
also paragraphs above, under “Lapping Piston and 
Rings.” 


Another lapping compound for piston, rings, etc., 
is engine oil or coal oil and flour of emery. Fora 
very fine finish use valve-grinding compound secured 
at supply stores. It is often made of crocus, which 
is finer than emery and is usually used on razor 
strops. A compound for this purpose is the Clover 
Lapping Compound. Write for a free pamphlet on 
this to the Clover Mfg. Co., Norwalk, Conn. This 
» concern supplies compound for grinding or lapping 
pistons, rings, and crank shaft bearings, and for 
grinding valves, etc. 


_ Note. It is advisable not to use any compound 
in which there is emery, as it tends to imbed itself 
in the parts and is difficult to clean out. A mixture 
of rotten stone ground to a paste with oil and ap- 
plied to the rings serves very well for lapping and 


can be cleaned off more readily. 


Lapping Methods and Devices 


_ Lapping new pistons into cylinder for clearance 
is done when the new piston will go into the cylinder 
but with not quite enough clearance, 


Lapping the cylinder for a new piston is done 
when the piston is slightly too large to go into the 
cylinder. An old piston is split so that it will 
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expand and the cylinder walls are lapped down with 
it so the new piston will fit with proper clearance. 

Lapping the cylinder for a slight score is done 
with an old piston split, and oversize piston must 
then be used. 

Lapping rings into the cylinder can be done with 
new or old piston. 

The following illustrations give an idea as to the 
different devices used for lapping a cylinder. 
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Fig. 13 


Fig. 12 


Fig. 12. A simple design of an expanding lapper. Such a 
tool as this may be used in the drill press, an up-and-down and 
rotary motion being supplied at the same time. 


Fig. 13 shows another tool of this type. Its construction 


will be readily understood. 


Fig. 14 Fig. 15 

Fig. 14. An expanding piston lapper which may be used 
for lapping rings or cylinders, The two operations should 
not be simultaneous, however. When the cylinders are slightly 
scored, the marks should be removed first, and then the new 
rings should be lapped in. 


Fig. 15. When no piston is available the rings may be 
lapped between two blocks of wood as shown, . a 


_Fig. 16. Rings may be placed in an old piston 
piston, peowd aot we ered peruse it will een aa ree 
xtent, an 8 1s objectionable. The ill i 
methods of accomplishing this. pre SiG RES 
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Fig. 18 


Fig. 17. Another method is to cut off the head of the piston 
and to use the wristpin for a handle, as shown in Fig. 16. 


Fig. 18. An expanding cylinder lap, made from a worn- 
out piston. The head of the piston is removed. One wristpin 
bearing is tapped; the piston is then split, as shown in the right- 
hand cut, so that a plug screwed into the tap hole will cause 
the piston to expand. An old connecting rod and handle is 
then provided as shown in the left-hand cut. Ground glass 
and oil are used for a lapping compound. (Motor World.) 


yee WRIST PIN 


Fig. 19. Piston lapping handle. When it is desirable to 
lap a piston of a detachable-head engine without removing the 
cylinder casting, the tool shown is a time-saver. It is made 
of ordinary 14” pipe, a T at the lower end slipping over the 
wristpin of the piston. The wristpin used in lapping should be 
made of fiber, as a metal one is likely to score the cylinders. 
Ground glass and crocus mixed in equal parts are used at the 
finish, and ordinary valve-grinding compound at the start. 


Questions and Answers on Enlarging 
Cylinders 


When should a cylinder be enlarged? 

When it is badly scored, worn, or out of round 
more than .003”. See pages 811, 814, 818, 
How can you tell if it is out of round? 

By measuring with an “inside micrometer,” 
as described on page 810. 

Suppose it is not out of round but cut, 
should it then be enlarged? 

No; it can then be “filled,” as described on 
page 814. 

How much should it be enlarged if out of 
round? 

Enough to have it perfectly true. 


(Oh 288 
Ans.: 


Q. 2: 
Ans.: 


Q. 3: 
Ans.: 


Q. 5: How is a cylinder enlarged? 

Ans.: By grinding, boring, reaming, or lapping. 
Q. 6: Which is the best? 

Ans.: Grinding. Boring, on a special boring 


Reaming is third best. 


machine is next best. 
See pages 821, 


Lapping would come fourth. 
815 relative to lapping. 
How is a grinding machine operated? 
Grinding is done on a special grinding ma- 
chine, employing a wheel made of abrasive 
material revolving at a high rate of speed on 
the end of a rigid spindle. The spindle at 
the same time moves in a circular path, so 
that the revolving wheel travels around the 
hole. The path of the spindle is adjustable 
to the diameter of the hole. The cylinder is 
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held stationary, and a multiple cylinder block 
can be ground without moving it, thus insur- 
ing all cylinders being perfectly round, 
smooth, straight, and square with the base 
of the cylinder casting. Grinding gives a 
true, smooth surface and no matter how 
hard or soft the material, the grinding wheel 
will grind it just the same. A lathe tool can- 
Boe ee a cylinder as smooth as a grinding 
wheel. 


Q. 8: 

Ans.: By placing them in a lathe; by placing them 
in a drill press; by placing them in a special 
boring machine. 
When placing a cylinder on the face plate of a 
lathe, a long boring bar is used. The cylin- 
der, unless clamped securely, will move and 
ruin the job. Other disadvantages are that 
the long boring bar is likely to vibrate or 
jump and slide over a hard spot without cut- 
ting. Furthermore, the cylinder must be 
moved and reset on the face plate, if a multi- 
ple cylinder block, thus requiring skill to bore 
each cylinder straight with its base. A lathe 
tool cannot leave a cylinder as smooth as a 
grinding wheel. When placed in a drill 
press, this is better than on a lathe, as the 
cylinder does not revolve, and can be held 
more securely, but otherwise there are the 
same disadvantages. When placed in a 
special boring machine, the work can be 
done better than on a lathe or drill press, 
as the cylinder is held securely in place and 
the boring-bar spindle is heavy and rigid. 


How are cylinders reamed? 


Cylinders can be reamed.on a drill press (see 
page 694), or by a reaming outfit which can 
be attached to cylinder block (page 714). 
The disadvantage of reaming, to enlarge a 
cylinder, is the tendency of the reamer to 
follow the course of the old hole, thus pre- 
venting it from making a new and perfect 
hole. It is also necessary to take a deeper 
cut than would be necessary if grinding. 
Reaming can be done without removing 
engine, and thus costs less. 


Q. 10: Is it necessary to fit larger pistons when a 
cylinder is enlarged? 


Ans.: Yes; oversize pistons must be fitted as 
directed on pages 811, 824, and oversize rings 
must also be fitted to piston (page 828). 


Q. 11: Would you advise sending a cylinder to a 
specialist to regrind, and do you advise hav- 
ing the entire block reground? 


Ans.: Yes. If you wish a perfectly balanced 
engine it is best to have the block reground, 
especially if the engine has been run 20,000 
to 30,000 miles. Also have oversize pistons 
ground to fit each individual cylinder. 
Read also answers to questions 4, 3, and 2, 
page 824. 

The best plan is to have cylinders reground 
and have new pistons ground to fit each indi- 
vidual cylinder, with new rings, and in this 
way you will obtain a job that will give full 
power to the engine. After having cylinders 
reground and pistons and rings fitted, it is 
necessary to run the engine the first 500 miles 
at not over 15 m.p.h. and to use a lot of oil. 


Q. 12: What are the symptoms of a worn or cut 
cylinder? ; 


How are cylinders bored? 


Ans.: 
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Lack of power, heavy fuel and oil consump- 
tion, smoke, fouled spark plugs, and a piston 
slap. See answer to question 1, page 809, 817. 
Q. 13: Where do cylinders usually wear? 

Ans.: In the space where the rings travel. If the 
piston is loose, then the constant pressure 
from explosion force will wear the cylinder 
on one side, near the top, owing to the piston 
striking the cylinder wall at an angle. 

Q. 14: Isn’t it possible to fit oversize rings to a worn 

cylinder? 

Yes, but it is not altogether satisfactory, 

because the wear is usually where the rings 

travel, and in order to fit the rings, they must 
go in at the open end which is not worn. In 
this instance the rings are filed at the gap, so 
that they will pass the lower part; then they 
open up at the point where the cylinder is 


Ans.: 


Ans.: 
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worn. If the cylinder is oval, then no round 
ring can fit it true (this also applies to pistons). 
Q. 15: Is it advisable to lap oversize pistons to a 
worn cylinder? 
The piston or lapping tool is sure to follow 
the old hole. Thus, while lapping may 
improve conditions, it is impossible to make 
the cylinder perfectly round, if it is out of 
round. If the cylinders are perfectly round 
and the pistons are too small, then oversize 
pistons can be fitted. See also, Ans. 14. 
Q. 16: Are all high-grade engine cylinders ground? 
Ans.: Yes, and heat-treated, or seasoned castings 
are used and ground pistons are fitted to each 
individual cylinder. Almost all cylinders, 
when new, are first bored to within about 
-005”” of size, and then ground. Read the 
answer to question 4, page 809. 


Ans.: 


_ CYLINDER, PISTON, AND CRANK-SHAFT GRINDING AS A BUSINESS 


The following material is taken by permission 
from the copyrighted 116-page booklet (price 50c.) 
issued by the Heald Machine Co., Worcester, Mass., 
manufacturer of cylinder-grinding machines. This 
book discusses the following subjects: 


“The Field and Profits; Equipment and Component Parts; 
Reasons, Advantages, and Methods of Refinishing Cylinder 
Bores; Kinks and Time-Savers; Operation of the Heald 
Machine; Advertising and How to Get Business; Facts Worth 
Considering.”’ 


Reground cylinders fitted with new pistons and 
rings will give the engine as much, if not more, 
power and pep than when it was new. It cuts the 
oil and gas consumption in two, and stops all exces- 
sive smoking. 


It has been shown that quite a virgin field pre- 
sents itself in the smaller shops, because on a small 
investment they can often place themselves in the 
class with the larger shops. Many of the small 
shops are fully equipped with the exception of a 
grinder. 


There is no business today that has the possibili- 
ties and which fits so nicely into a small machine 
shop, automobile repair shop, or a concern doing 
welding as the regrinding of worn or scored cylinders. 


The field for regrinding: There were over 9,000,- 
000 commercial and pleasure cars registered during 
last year. Truck and tractor cylinders require 
attention once a year. Passenger cars should be 
looked over at least once every two or three years. 
Figure out for yourself what your chances are with 
only approximately 350 concerns properly equipped 
for such work. Consider also the fact that 3 four- 
cylinder blocks a day will bring profitable returns. 


No one knows so little about cylinder regrinding 
as the average repairman. ‘The car manufacturers 
as, for instance, Brewster, Cadillac, Cunningham, 
Dorris, Franklin, Hudson, Lafayette, Lincoln, 
Locomobile, Marmon, Mercer, Packard, Peerless, 
Pierce-Arrow, Stevens-Duryea, Stutz, and Winton, 
have their cylinder bores ground, and Heald 
machines are used for the purpose. Many engine 
manufacturers, such as Continental, Beaver, 
Buda, Herschell-Spellman, Lycoming, Duesenberg, 
Teetor, Erd, Fales, Hercules, Waukesha, Midwest, 
Rutenberg, have long since recognized this as the 
best method of finishing cylinders. Many of the 
Trepairmen advocate it; but to the owner it still 
means an unnecessary operation—only another way 


to add a few more dollars to his already overtopped / 


garage bill. 


It is, however, so vitally important in helping the 
engine to function properly that careful thought and 
study should be given it by every driver. 


Prices Charged for Regrinding 


As for prices that are charged for regrinding, they 
vary in different sections of the country, as well as 
in the localities in the same sections. It is best to 
get several price lists from the nearest concerns 
doing business, and to charge according to the con- 
ditions in your particular city. Never cut prices 
under a competitor, as regrinding is a quality 
proposition and it. will cheapen your work and 
eventually be a losing proposition. 

On the other hand, remember you cannot make a 
fortune overnight. Excessive prices will simply be 
an incentive for your customers to buy new blocks 
or to refinish by the boring method. 


Average Prices in Different Parts of the 
Country for Regrinding Cylinders 


High Low 

/ Middle Middle Far 

Size Cyl. East South West West West 

2 $22.50 $24.00 23.00 $17.00 $28.00 

Under 4 43.00 41.50 45.00 34.00 42.00 
Bis eat ed 6 58.00 60.00 64.00 51.00 60.00 
8 74.00 77.00 83.00 66.00 76.00 

12 109.00 100.00 120.00 101.00 107.00 

2 22.50 27.00 24.00 18.00 32.00 

From 4 46.00 45.00 48.00 36.00 50.00 
3” to 314” 6 59.00 64.00 68.00 53.00 71.00 
GIES an ous 8 75.00 79.00 87.00 68.00 90.00 
(12 114.00 131.00 106.00 128.00 

F 2 24.50 29.00 28.00 23.00 36.00 

From 354” 4 44.00 49.00 54.00 42.00 58.00 
to 4” dia. ...) 6 66.00 70.00 76.00 63.00 81.00 
8 82.00 104.00 85.00 104.00 

rom 2 25.00 35,00 32.00 24.00 43.00 
41%” to 4 50.00 55.00 60.00 46.00 69.00 
416” dia 6 68.50 77.00 84.00 68.00 97.00 
From 2 28.00 37.00 35.00 26.00 49.00 
4 54? t 4 53.00 62.00 67.00 50.00 79.00 
Wars bE Gen 6 72.50 82.00 93.00 73.00 111.00 
rom 2 28.00 40.00 42.00 26.00 60.00 
5% t 4 55.00 66.00 78.00 50.00 93.00 
GUS digi wer aeen 6 72.50 130.00 73.00 136.00 
ee, 

Prices without pins Prices 
with Pins 


Parts to Carry in Stock 


For small concerns Starting in the re-grinding 
business, it is by all odds more desirable at first to 
buy pistons, rings and wrist pinsin various sizes from 
the manufacturers of these parts, confining all the 
efforts to re-grinding and fitting up the component 
parts. In this way a large volume of business can 
be done with a very small organization, and thus a 
very tidy profit can be made. 
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A certain amount of stock of all these parts should 
be carried, depending on the class of trade, the dis- 
Jee from the source of supply, and the size of the 
shop. 


Pistons can be carried in three different stages of 
completion: rough, semi-finished, and_ finished, 
depending on whether the equipment of the shop 
will take care of the rest of the finishing operations. 
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Fig. 20 


Finished pistons are furnished finished complete, 
minus rings and pins; but these in many cases will 
be included, if so ordered. They usually come in 
oversizes of standard, .003”, .005’’, .010”, .015”, 
020”, .025’, .030’, and .040”. 


Semi-finished pistons are finished with the excep- 
tion of the outside diameter, which is left large to be 
ground down to the required diameter, and the 
wristpin holes which are rough-reamed and must 
be finished-reamed. 


Finishing Semi-Finished Pistons 


There is one operation on pistons that can be 
nicely taken care of by practically all re-grinding 
concerns, and that is the finishing of the outside 
diameter. 


Most piston manufacturers will furnish them 
- finished or semi-finished. By using a semi-finished 
piston, which usually comes 1/16” oversize, and 
grinding it down to fit the bore, not only will it 
increase production, but it will allow the carrying of 
a larger supply on the same investment. 


Finished pistons will change, even when bought 
from the best of manufacturers, and will frequently 
be found out of round. (A slight tap with a wooden 
hammer when fitting out-of-round pistons to holes 
will usually bring them back.) 


In finishing the outside of the pistons a suitable 
external grinding machine must be obtained, as the 
cylinder grinder is of no value for such work. In 
securing such a machine, it is well to keep in mind 
two facts: that the length of a piston seldom exceeds 
6” or 8”, and the diameter, even on the larger sizes, 
does not ordinarily run over 5”. Therefore a small- 
size external grinder that will swing 6’ or 8” with 
sufficient length between the centers 18 very satis- 


factory. 


The pin holes on semi-finished pistons come rough-reamed 
with .002” or .003” left for finish-reaming. Any good adjust- 
able hand-reamer will take care of this. 

Remember, that in finishing the outside diameter, the lands 


should be relieved and made smaller than the skirt by at least 
008” or .010”. The excess heat and solid metal cause greater 


expansion at this point. 
Always measure a piston below the wristpin hole, and not 
above it on the head. 


Crank-Shaft Grinding 


An allied line which fits in very nicely with cylin- 
der grinding is that of crank-shaft grinding. Too 
much cannot be said about the importance of keep- 
ing a crank shaft in perfect condition. The crank 
shaft, virtually the backbone of the motor, when 
sprung out of alignment or when its journals are 
worn out of round, will soon wear the main bearings 
and connecting-rod bearings which bear directly 
on the shaft; consequently it will cause the motor 
to knock. 


It is impossible properly to fit a set of bearings to 
a shaft which is out of round or out of alignment, and 
the extra time consumed in obtaining even a fair 
job would more than pay for re-grinding of shaft. 


There has, however, been a great deal of misunder- 
standing regarding actual crank-shaft grinding. 


By the old method of filing, lapping, and polishing 
a shaft—a slow and expensive operation, which is 
often misconstrued as grinding—it is impossible to 
obtain accurate results. This work should be done 
on machines built especially for crank-shaft grinding. 


Equipment Required! 

To do re-grinding, or to fit pistons, rings, and pins 
successfully, one must have the proper equipment. 
We have listed below the machines and accessories 
that make up such a shop. Prices for these will 
vary, especially if second-hand tools are used. 
Therefore it is hard to state any given value. All 
local machine-tool dealers will be glad to fill these in, 
and the amount of capital required can be deter- 
mined at that time. 


A Heald cylinder grinder. 


Tig. 21. 


Machines Needed for the Average Shop 


One style No. 55 or 65 Heald cylinder grinder fully 
equipped. 

One small external grinder. 

One 12” lathe. 

One 16” lathe. 

One sensitive drill press. 

One back-geared drill press. 

One 15 h.p. motor. 

One emery stand. 

Expanding reamers, sizes 94” to 144”. 

Shafting hangers and belts. 

Benches and tools. 

Supply of pistons, rings, and pins. 

Office equipment. 


1 From copyrighted booklet of Heald Machine Co., Worces- 
ter, Mass. 


820 


This comprises a fully equipped shop planning to 
use semi-finished pistons, For anyone just starting 
in, it is possible to do away with part of this equip- 
ment. By using finished pistons, it will not be 
necessary to have an external grinder; and while 
two lathes are much more convenient, the 12’ one 
will handle the work very nicely, and for the work 
which you would ordinarily use the back-geared 
drill press for, such as drilling wristpin holes, a lathe 
will answer the purpose. 


When to Grind 


Passenger cars: Cars that do not run tight, that 
use an excessive amount of gas or oil, lack power or 
pep, or smoke, need overhauling. A disagreeable 
piston slap is a sure sign of worn cylinders. This 
is usually heard on hills, or when the engine is labor- 
ing hard. 


After it is taken down, it can best be determined 
whether it needs to be re-ground or not. If found 
scored; out of round, or with excessive clearance 
between the piston rings and cylinders, the cylinders 
certainly need regrinding. 


All cars that have been run two or three years 
should be pulled down, re-ground, and fitted’ with 
new pistons and rings. 


If the cylinders have been welded for any purpose, 
such as a score or a crack, they must be re-ground. 
Welding distorts and changes the shape, in addition 
to leaving excess metal. Only by being re-ground 
can it be brought back to a true, round, smooth hole. 


With commercial cars or tractors, the same 
reasons for re-grinding hold true as with passenger 
cars. They are usually worked constantly to their 
full capacity, and are required to perform tasks 
which require every ounce of power. 


Tractors, in particular, are subject to excessive 
wear, owing to the conditions under which they 
must work, and to the dust and dirt working into 
the engine. Re-grinding should be done at least 
once a year. 


Why Engine Cylinders Should Be Re-Ground 


It is essential, in order to have an engine run 
properly, that the cylinders be re-ground so that 
they do not vary more than a .001” as to roundness. 
The hole must be straight and absolutely square 
with the base of the cylinders, otherwise there will 
be a noticeable loss of power and pep, excessive use 
of gas and oil, piston Slap, continual fouling of the 
spark plugs, and general troubles of all kinds. 


Compression 


It is necessary that a cylinder bore be straight 
and round to obtain the proper compression, You 
cannot fit a ring and have it tightly seal a cylinder 
with an unround hole or one which has been en- 
larged in the top, either by error or inaccurate 
machining. Compression means a live engine, and 
rings must fit the hole. See also page 765. 


Waste of Oil and Gas 


When an engine has lost its compression, and 
knocks on the hills, etc., the owner usually makes 
the mistake of trying to cure the trouble by enrich- 
ing his mixture. While this will temporarily cure 
the trouble, an excess of raw gasoline in the cylinder, 
on the compression stroke, is forced past the rings, 
thinning the oil and destroying its lubricating quali- 
ties, and possibly resulting in scored cylinders, 
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This gasoline eventually reaches the crank case, 
where it thins the oil to such a degree that it is use- 
less as a lubricant. Old and worn cylinders are not 
the only places where this happens, as it also occurs 
in many motors where the holes were not originally 
ground, but were inaccurately bored or reamed. 


Thus not only is excess gas being used in propor- 
tion to the power secured, but a large share of oil is 
going off in smoke, or is being rendered useless, thus 
requiring constant renewal. 


Missing 
Ill-fitting rings not only allow leaking of gas, but 
on the suction stroke air is sucked up from the erank- 
case, thinning the mixture and causing the engine 
toskip. Thisis particularly noticeable when travel- 
ing at idling speeds or starting on cold mornings. 


Carbon 


When the oil gets by the piston rings into the 
combustion chamber and is burned by ignition, it 
gives off a bluish smoke, leaving carbon formed on 
the head of the piston and in compression chamber. 


Carbon holds heat, and if the compression is high, 
it will often explode the mixture earlier than it 
should. This is called pre-ignition, and it very 
often results in a broken piston pin, bent connecting 
rods, or a scored cylinder. Of course, burned oil 
soots the spark plugs and requires constant cleaning 
to keep a hot spark. 


Engine Knocks 


There is nothing more aggravating to the driver 
than to have his engine knock. Some engines have 
such a thick carbon deposit that the slightest pull 
will result in this annoying sound. This condition 
is all caused by oil leaking past the rings into the 
combustion chamber, where it is burnt by ignition. 


Are Re-Ground Cylinders, with Pistons Ground 
to Fit, Better than New? 


When the statement is made that a re-ground 
engine which has been fitted with new pistons and 
rings is better than it was originally, few people can 
understand why. It is a well-known fact among 
those connected with the metal industry that cast- 
ings change shape after they are cast. This is 
caused by strains and stresses resulting from the 
heavier walls of metal cooling. last and shrinking 
from the already cooled lighter walls. 


These strains can be relieved if the castings are 
seasoned for a long time, or by heat-treating pro- 
cesses, 


Castings that are immediately machined and put 
to work in a car change more or less, owing to the 
heating and cooling of the engine, which acts as a 
heat-treating operation. Therefore, an engine 
which has been run several hundred miles is thor- 
oughly seasoned and is in ideal condition to be 
re-ground and fitted up. 


Once having been relieved of all the strains and 
stresses, the castings will retain their shape con- 
tinuously after grinding, if properly machined and 
fitted up. 


Actually, of course, an engine does not have any 
more power after re-grinding than that for which it 
was originally designed. 


The fact, however, that the casting is seasoned 
and that each hole has had individual attention, 
often gives better results than a general-assembly 
proposition. (Motor Age.) 
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DIFFERENT METHODS OF FINISHING BORES OF CYLINDERS 


Methods of Finishing Bores 


ayes a ee of enlarging cylinders: 
y boring; y reaming; (3) by lapping; 
(4) by grinding. spe VAERD IR 

The prime object of either operation is to finish 
the cylinder, so that it is absolutely round and 
straight, and then to fit the cylinders with new over- 
size pistons and rings. 


The following discussion of the advantages and 
disadvantages of each method is taken from the 
instruction book of the Heald Machine Co. 


Reboring Cylinder 


Boring is done by a steel-cutting tool in the same 
manner as that in which a lathe cuts. It produces a 
porous-like surface which is subject to rapid wear. 


When a cylinder is re-bored, the tool must get 
under the hard surface skin of the worn and polished 
cylinder wall, and as a result a heavy cut, as com- 
pared with grinding, must be taken. Therefore, 
the cylinder bore is enlarged 5 to 10 times more than 
is necessary and the walls are often reduced in 
thickness to a dangerous degree. 
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Fig. 22. Cross-section of a gas-engine cylinder. 


With the re-boring method, a considerable amount 
of pressure will be exerted on the walls of the cylin- 
der. Since these walls are comparatively thin and 
are reinforced only by the water jacket in certain 
places, it will be found that the walls where they 
are not reinforced will spring away from the cutting 
tool, when it springs back after the tool passes on, 
leaving an elevation, shown at (a). Where the 
walls are reinforced, the tool will take a slightly 
heavier cut, as at (b) (Fig. 22). 

There are also hard and soft spots in the iron, and 
the cutting tool will bite into the soft spots and 
spring away from the hard ones. 


It is not, therefore, practical to produce a true, 
straight bore within exceedingly close limits of 
accuracy by the re-boring method; and, further- 
more, if a bore is out of square with the flange, re- 
boring will not correct this error, since the tool will 
follow the bore. 


Reaming Cylinder 


Reaming is similar to boring, except that a num- 
ber of tools set in one head are used instead of a 
single tool. What has been said about the disad- 
vantages of boring applies equally well to reaming. 


When the pistons and rings are assembled in the cylinder, 
after reaming, as shown in Fig. 23, they will rest on minute 
hills of metal. About half the bearing surface is thus lost, 
owing to the depression of metal between each hill. A full 
bearing surface is not realized until from 002” to .005’" of 
metal has been removed by the pistons and rings. This 
causes a very rapid wearing of the eylinder walls until they are 
worn to solid metal. This extra amount worn off permits a 
large percentage of gas and oil to leak by the ring. 


CLEARANCE ON ASIOE 
BETWEEN PISTONAND 
WALL AFTER SURFACE 
\SWORN TO A SOLID 
051 BEARING 

Fig. 23. Showing uneven surfaces left on walls of cylinder 
after reaming (exaggerated). 

Lapping Cylinder 

Lapping the holes of worn cylinders will not make 
them round or straight, because the lapping process 
is good only for polishing surfaces, and even after 
hours of work, but little material is cut away, leaving 
much of the lapping compound imbedded in the 
walls. It is an expensive operation, and the degree 
of accuracy and success to be achieved depends 
entirely on the skill and experience of the workman. 


A worn cylinder is always larger at the top than 
at the crank end, owing to the friction of the rings 
and also to greater heat and poorer lubrication. 
Therefore, the grinding machine must be used to 
cut away the material necessary to get a round and 
straight hole for the entire length. 


When lapping is done, two metallic surfaces are 
rubbed together with oil and abrasive material 
pee them. This will charge the surfaces with 
grit. 

Grinding in a machine with a hard, vitrified 
grinding wheel running at a high speed to cut the 
metal away is an entirely different proposition, and 
is the only way to secure right results. 


Finishing by Grinding 


In finishing a cylinder by grinding, an abrasive 
wheel held by a very rigid arm moving at high speed 
cuts away the metal freely without putting undue 
pressure on the cylinder walls. The feed of the 
wheel into the work can be adjusted so that it will 
remove the metal rapidly if a large amount is to be 
taken off, or so lightly that it is practically immeas- 
urable. 

The grinding wheel revolves in a perfectly true 
circle and cuts away the iron until a round and 
straight hole is produced, without either high or low 
spots, and having a beautiful, smooth, and mirror- 
like surface throughout. 

The work is held on an angle-plate attached to 
the cross-slide of the machine; the main table, 
traveling lengthwise, moves automatically, When 
a hole is finished, movement of the cross-slide gives 
the proper position for the next hole. 


The block remains set during the entire operation, 
insuring the bores being absolutely parallel to each 
other and at right angles to the base. 


By this method all the disadvantages of boring or 
reaming are absolutely overcome. The high-grade 
cylinder-grinding machine produces a true, straight, 
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accurate bore, the usual limits of accuracy being 
within one one-thousandth of an inch. The bore 
is absolutely square with the flange, the surface 
produced is hard and glass-like, and the amount of 
stock taken out is only a fraction of what would be 
necessary in re-boring. 


New Rings No Help 


A large share of repair shops are still advising new 
rings when an owner is confronted with motor 
troubles. He believes it is a cure, but it is only 
temporary, since in most cases the carbon has been 
cleaned out, valves have been ground, and the 
motor has been generally tuned up. It therefore 
seems to have overcome the ailment. It is not 
lasting, however, for no matter how expensive or 
complicated the rings may be that are used, with or 
without compression guaranteed, a round ring will 
not fit an egg-shaped hole; and if the motor has been 
run at all, that is what you will have. 


Thousands of strokes of the rings up and down 
the cylinder, while aided by road dust and other 
abrasives which are sucked into the cylinders with 
the oe will gradually wear down the cylinder 
wall. _ 


This wear is greater on the two sides at right 
angles with the crank shaft. It is the result of the 
pressure of the piston against one side of the cylinder 
wall on the compression stroke, and on the opposite 
side of the cylinder wall on the power stroke. 


No ring will fit such a shaped hole, so there is 
bound to be a chance for gas to escape and a long 
ne needed for the rings to wear in, if they ever 
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OVERSIZE RINGS WILL NOT 
PASS THRU HERE OR AT TOP 


Fig. 24. Showing the 
cylinder walls. 


points where rings usually wear 

Therefore, as the cylinders are worn only the 
length of the ring travel, it leaves the lower and 
upper ends smaller. To put a ring of the proper 
oversize in the worn part through the smaller hole is 
impossible. 


The only cure for a worn cylinder—and it takes 
but a few thousandths of an inch to show apprecia- 
tive loss of power—is to have the cylinders re- 
ground and fitted with new pistons and rings. 


Fig. 24, which has been somewhat exaggerated, 
shows the wear in a cylinder which may have been 
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made by various causes. Note how the gaps in the 
rings are spread, allowing gas to pass up through or 
around the rings. 


New rings in such a worn cylinder would do no 
good, unless they were of the currect size to fill this 
hole. This is impossible, since rings of the proper 
size would not pass through the space either at the 
top or bottom of the cylinder. It will require grind- 
ing to take out sufficient stock to allow proper over- 
size pistons and rings to be inserted. 


At Right Angles to the Flange 


What is meant by “square with the flange,’’ is 
indicated in Fig. 25. 


It does not matter so much if the holes are not at 
right angles with the flange from side to side, but 
end to end they must be parallel, and perpendicular 
to the base. 


Fig. 25. “Cylinder bore that is at right angles with the 
flange. 


The right-hand side of the cut shows how the 
piston is often cramped in the cylinder by being out 
of square. 


This may be caused in several ways. First, the 
bore in the cylinder may not be Square with the 
crank case. Second, the piston-pin hole may not 
be drilled square with the sides of the piston. Third, 
the holes in the ends of the connecting rod may not 
be parallel with each other. Any one or more of 
these may result in excessive wear on the cylinder 
walls, or in a frozen motor, 


Thin Cylinder Walls 


_ Occasionally the shifting of the cores, when mold- 
ing the cylinders, leaves a thin wall. In re-grinding 
such cases, if the wheel should break through, of 
course the man doing the work cannot be held for 
this misfortune. Furthermore, should there be a 
deep score and the owner wished it ground out and 
not filled, he must assume all the responsibility if 
he has trouble later. 


It would be better business for all re-grinding 
concerns to refuse to touch such Jobs, if, in their 
opinion, there is a doubt as to the strength of the 
wall after grinding, 


New Pistons and Rings Necessary 


_If the cylinder is re-ground, new pistons. and 
Tings must be installed. The amount of stock to 
be removed in order to bring a bore back to a true 
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round hoie is usually at least .010” and, if the 
cylinder is scored or badly worn, will go from .030” 
to even .040”. Such clearance would never allow 
the use of the old pistons. 


Many a perfect re-grinding job has been spoiled 
when the engine is being assembled. If youareina 
position to take down and reassemble, then you are 
more fortunate than many who must trust this final 
and very important part of the job to someone else. 


Great care should be taken first to wash the 
cylinders and pistons, rings, etc., carefully with 
gasoline. Be sure that every particle of abrasive 
material and foreign matter is removed. 


Make certain that the wristpin fits both the rod 
and the piston, and see that it is securely fastened 
on. Better go over this an extra time and make 
sure, for a loose pin or screw will ruin the entire job 
the first time the engine is run. 


Measure the pistons for roundness after assem- 
bling with the connecting rods, to see that they 
have not gone out of shape. A slight tap with a 
wooden hammer will correct any change. 


After reassembling the pistons on the crank shaft, 
test them to see if they are absolutely square. Do 
not take it for granted, because the connecting rods 
were straight before it was pulled down, that they 
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will be so when you reassemble them. ‘There are 
many chances and reasons for their having become 
twisted or out of square. This could happen in 
taking off the block with the pistons still connected 
to the crank shaft, when it is an easy matter to bend 
or twist the rods. Again, in scraping in the con- 
necting-rod bearing or in tightening the caps, a 
slight variation at this end will increase many times 
at the piston end. 


That the pistons should be square (see Fig. 25) is 
highly important; if they are not, the cylinders 
might just as well not have been ground, for the 
pistons hitting on the sides will give all the troubles 
of an out-of-round hole. 


Put plenty of oil on all the pistons before assem- 
bling in the cylinder. 


The rest of the assembling is purely a repairshop 
job, but every detail should be thoroughly gone into 
as if itwere-a brand new car. In fact, the vital 
parts are new and with limits usually closer than 
those allowed by the manufacturer; therefore, they 
should receive careful attention. 


Be sure that the crankcase is well filled with a 
good light or medium oil, and that the system is 
working perfectly. Run the engine slowly for one 
half-day, giving it time to cool naturally. 


RE-BORING OF CYLINDERS TO FIT THE PISTONS 


The preceding pages are devoted to matter taken 
from the booklets of a prominent cylinder grinding 
machine manufacturer. 

The following is taken from the printed matter 
of K. R. Wilson, Buffalo, N.Y., who specializes on 
repair-shop tools for Ford motors. 

The proper method is to bore cylinders to fit the 
pistons, thus giving same clearance in every cylinder. 

The old method of boring the cylinders “‘all one 
size,” and hoping to find pistons to fit them (selec- 
tive fit), has been abandoned as obsolete, and 
expensive, because Ford pistons vary so much from 
the size with which they are marked that hand- 
fitting, filing, turning, or lapping in is necessary to 
turn out even a fair job. All of this extra work 
contributes toward the cost of the finished product. 


Measuring and Marking Pistons 


The pistons are first marked 1-2-3-4. They are 
then measured with a 4’ micrometer (‘‘miking” 
is the trade name for measuring with a micrometer), 
first for roundness, by measuring them across the 
skirt in the direction of the wristpin; then at right 
angles to it. The piston is then laid on a block of 
wood, with the high side up, another block is laid on 
top, and a few sharp taps with a hammer will 
suffice to drive it back into its original roundness. 


Measuring the piston with a micrometer, to check 
the size as stamped on it, and thus to obtain its 
actual measurement, is the first operation, because 
pistons do not always measure as marked. Sup- 
pose a piston was stamped .031’’ oversize, meaning 
that it should be .031” larger than the standard 
size (3.750), or a total of 3.781”. By means of 


Fig. 26. “Miking” and chalk-marking pistons, 


the micrometer (E) (Fig. 26), measure the piston. 
Suppose this measurement shows that the piston is 
actually 3.784’, it would thus be 3.784” —3.781"= 
.003” larger than stamped. This piston would then 
be chalk-marked 3.784’’. Suppose that the next 
piston is also stamped .031” oversize, but the microm- 
eter measurement proves it to be 3.777”, this 
piston would be 3.781’ —3.777'’= .004’’ smaller than 
stamped. This piston would be chalk-marked 3.777”. 


Setting the cutter to bore the cylinder is the next 
operation. A clearance of .003’” must be allowed 
between piston and cylinder. Take the piston 
which was chalk-marked 3.777”. By adding the 
specified amount for clearance, we obtain 3.777”+ 
.003’’=3.800’. Therefore the single-bladed cutter(C) 
(Fig. 27) must be set to bore the cylinder to 3.800”. 
Take another piston, as the one chalk-marked 
3.784". Allowing .003’’ for clearance, we obtain 
3.784+.003’=3.787".. Therefore the cutter must 
be set to bore the cylinder to 3.787” for this piston. 


Boring Operation 
The boring bar is now placed in the cylinder, and 
is instantly located by means of two (two-piece) 
tapered locating plugs (L), as shown in Fig. 27. 
One of the plugs at each end of the cylinder on the 
boring bar insures perfect centers. 


Fig. 27. K.R. Wilson machine being used to rebore cylinders. 
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The permanent guides (G) are then positioned 
and fastened to the block on both cylinder-head 
and crank-case ends. The tapered locating plugs 
(L) are then removed through the openings pro- 
vided, leaving the boring bar all set up. We now 
place an 8’-wrench on the square end of the boring 
bar, and with another ‘‘speed-type”’ wrench, we 
tighten the adjusting screws of the split bearings 
on each of the permanent guides until it requires 
considerable pull on the 8’’-wrench to turn it. Note 
that it is impossible to bore a tapered or uneven hole 
unless you purposely allow these bearings to become 
loose and a sloppy fit for the boring bar. The 
bearings on the two permanent guides are adjust- 
able, and will take up any possible wear, and will 
thus prevent ‘chatter.’ Now place the universal 
joint in position, and throw in the feed lever. In 
9 minutes the cylinder will be rebored, during which 
time no other attention except setting up is required. 


The table holding the cylinder block éontains four 
sets of two No. 5 taper-pin holes and one 7/16” cap- 
screw hole opposite the center line of each cylinder. 
Corresponding holes are drilled into the bed of the 
machine by moving the table with the cylinder 
block attached on the bed. Any cylinder can be 
brought into exact location wherever the pins will 
fit into place. 


The time required is about 134 minutes to set up 
for each hole, and 9 minutes to bore it, making a 
total time of 43 minutes; but on account of the 
automatic feature, not more than 10 minutes labor 
cost can be charged to boring the four cylinders, for 
the reason that the operator can be grinding valves, 
fitting pistons, connecting rods, or overhauling the 
transmission or doing many other jobs while the 
machine is taking care of itself. 


Cutters are interchangeable (cost 50c. each), and 
it is not necessary to tie up the cylinder re-boring 
machine while the cutters are returned to the fac- 
tory to be re-sharpened and fixed up. The cutter 
is adjustable to take up any wear, and on account 
of the narrow cutting edge will not dub over when 
it hits a hard spot or a scored cylinder. A narrow 
cutting edge could not be used with any equipment 
other than a cylinder boring bar, having a fixed 
guide on each end that will prevent chatter and 
keep cutter from digging in or following the old hole. 


Because the “cylinders are bored to fit the 
pistons,” eliminating nearly all hand operations, 
such as filing, turning, lapping-in, etc., only a slight 
amount of hand filing to remove the high spots and 
niches is required. Pistons fitted by this process 
to .002” clearance are absolutely free in the cylinder 
and, without rings or oil on them, will “fall through” 
without friction. 


Mr. Wilson states that lapping-in will cut off some 
of the high spots in the cylinders and pistons, but it 
will not fill up the low spots. 
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Filing pistons in a lathe will make them smaller, 
but will throw them out of round more than ever, 
for the reason that when the file hits the relieved 
portion of the piston near the piston pin boss, it 
will jump and “dig-in” again about one inch from 
the edge of this relieved portion. 


Lathe turning is unsatisfactory because the aver- 
age service station is not equipped with proper tools 
for this work. Even if it were, it is a difficult prop- 
osition to “chuck up” a Ford piston accurately 
to remove only a few thousandths of aninch. ‘These 
facts show why it is necessary to bore the cylinder 
accurately in the first place, if you want a first-class 
job at a minimum cost. 


Questions and Answers on Enlarging Cylinders; 
Continental Engines 


The following questions and answers pertain to 
the Continental engine (see Index), but are appli- 
cable to many other engines: 

Q.1: Are cylinders ground, reamed, or bored? 

Ans.: All Continental cylinders are bored and 

reamed with special fixtures and tools which 
insure perfect alignment. After these opera- 
tions they are ground accurately to a glassy 
smooth finish. 

Q. 2: Are pistons fitted to each individual cylinder, 

and what is the standard clearance? 

.: Not only the piston, but the piston rings as 
well, are individually hand-fitted to each 
cylinder bore. The clearances allowed in 
each case depend upon the size of the engine 
and the service for which it was designed. 

: How are engines marked to show the orig- 
inal diameter of the cylinder bores? 

: The diameter of each cylinder is stamped on 
the lower machined face of the cylinder block 
where the valve-chamber cover is attached. 
These marks are in decimals. 

: What factor determines the amount of clear- 
ance to be allowed when fitting pistons in 
the cylinders? 


: The amount of expansion. This depends 
upon the materials used in the pistons and 
cylinders, the general design, and the operat- 
ing temperature of the engine. The temper- 
ature of an engine in operation is affected by 
the amount of fuel consumed, the resistance 
offered the power impulses, and the timing of 
the ignition. 

What is meant by .003” loose-fit and .004” 
tight-fit of piston clearance? 


The piston would be free in the cylinder with 
a .003” thickness gauge (also called “feeler” 
between it and the cylinder walls, and the 
Same piston would be tight in the cylinder 
with a .004” feeler. 


Q. 5: 
Ans.: 


INSTRUCTION No. 71 


PISTON RINGS: Types, Construction, and Fitting; Piston-Ring Gap Clearance; 
Piston-Ring Groove Clearance; Measurements of Piston Rings; Standard 
and Oversize Piston Rings; Testing and Fitting Piston Rings 


PISTON RINGS 


_The piston ring is used to fill the gap between the 
piston and cylinder walls, preventing the gases 
escaping into the crank case and an excess of oil 
working into the combustion chamber. 


_A piston must be fitted with piston rings. The 
piston is slightly smaller than the bore of the 
eylinder, in order that it will not stick to the cylinder 
wall (termed ‘“‘seizing’’), when it becomes hot and 
expands. ‘ 


Since the rings are softer than the cylinder walls 
against which they are tightly pressed, and also 
present small wearing surfaces, they become under- 
size in time. To insure maximum power, together 
with minimum oil and gas consumption and the best 
all-round satisfaction, the rings should be renewed 
about once every 10,000 miles. 


Ring grooves are provided on pistons for the rings. 
The grooves are slightly wider than the ring. For 
instance, the Ford ring is 14”’ wide and the width 
of the groove is one and a half one-thousandth of an 
inch wider (clearance). On the Dodge, the ring is 
3/16” wide, and the groove has a clearance of one 
and a half one-thousandth of an inch. 


If a ring groove becomes worn and is over .005” 
clearance, the piston can be put in the lathe and the 
groove can be widened to take a 1/32’ oversize- 
width ring. 


The depth of the grooves averages about 3/16”. 
The average thickness of a ring is 5/32’; thus the 
groove is 1/32” deeper than the ring is thick. On 
some of the V-type engines the grooves are shallow. 
The rings are about 1%” thick, and the depth of the 
groove is about 1/32’ or 1/64’’ more. 


If the groove is too large, there will be a compres- 
sion leak between the groove and the ring. If too 
narrow, the ring will stick in the groove and will not 
exert its tension against the cylinder wall. 


Fig, 1 (upper); Fig. 2 (lower). 


Fig. 1. Piston ring with a beveled joint, cut slantwise, 
Easier to make than the other type, but not quite so effective 
in preventing possible leakage. Termed a ‘‘mitre cut’ or 


“diagonal” joint or ‘‘bevel joint.” 


Fig. 2. Piston ring with stepped or lapped joint which 
prevents leakage of pressure at the joint. Termed a ‘‘step- 
cut” or “lap-joint”’ ring. 


The ring gap is provided on all rings in order that 
it can be fitted to the piston groove and so that it 
can expand and exert tension equally against the 
cylinder walls at all points of its circumference. 


The two types of ring joints which are generally 
known and used are shown in Figs. 1 and 2, and 
are known respectively as the ‘“‘step-joint” and 
“‘mitre-joint” ring. There are many other kinds of 
joints or gaps used on the various patented rings. 
The step-joint is used most. 


Patented Piston Rings 


Patented rings are made in many different con- 
structions, some of which are shown in Figs. 3 and 4. 


The two principal advantages claimed by the 
patented ring manufacturers for their rings over 
the ordinary type are: (1) that the joints are gas 
tight at all times, and (2) that they exert equal 
tension or pressure on the cylinder wall at all points 
of their circumference. Usually the manufacturers 
make two types of rings: a “high-compression ring” 
and an “‘oil ring.” 


ANLAND PISTON RING GILL PISTON RING 


Fig. 3. A few of the popular patented type of piston rings. 
Note the different joints and methods employed to obtain 
equal tension at all points of the ring circumference. 


The Inland, or Star-K-Inland, as it is known, is a one-piece 
ring with a long lap (made by Star-K-Inland Machine Works, 
St. Louis, Mo.). 

The Gill is also a one-piece piston ring of the concentric type 
made from a single-piece casting of special gray iron and ma- 
chined to accuracy. This ring has an interlocking joint and is 
termed the ‘‘Gill joint,” or, technically, ‘‘a double-step inter- 
locking-joint” ring (made by Gill Mfg. Co., Chicago, IIl.). 


= 


LEAK PROOF PISTON RING BURD PISTON RING 


Fig. 4. The Leak-Proof piston ring is_a two-piece ring, 
manufactured by the McQuay Norris Co., St. Louis, Mo. 


The Burd ring will best be understood by referring to the 
illustration above (made by Burd Ring Co., Rockford, Tll.). 


Fig. 5. The oil ring made by two different manufacturers. 
(A) is the Star-K oilless quick-seating piston ring, designed to 
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overcome oil pumping. It has two oil grooves: one in the 
middle for lubrication; one on the lower shoulder to scrape 
down all excess oil. (B) is an end view of the ‘“Superoyl”’ 
piston ring. 

A small oil groove, or reservoir, is cut around the lower edge 
of this concentric ring, providing a scraping edge. One ‘‘Super- 
oyl” ring is placed in he top groove of the piston and the two 
Leak-Proof piston rings below, in cases where an excess of oil 
reaches the combustion chamber (manufactured by the same 
concern that make the Leak-Proof ring). 


When the ring is in the cylinder, the gap clearance 
is very slight. If it were too great, there would 
likely be a leakage of compression through the gap, 
or if all of the gaps were in line when in the cylinder, 
it is likely that there would be a leakage of compres- 
sion from the combustion chamber to the crank 
case through the gaps. Inasmuch as the rings are 
free to work in their grooves, the common belief is 
that the rings move, or work around in the grooves, 
until they are allin line at one time. However, this 
is improbable, as well as probable; for if the rings 
thus work around, they are likely to continue work- 
ing, and if originally placed on the piston an equal 
distance apart, there is not much chance for all of 
them to get in line at the same time. 


Pig Gs 


A pinned piston ring. 


Before the advent of the patented ring, the rings 
were usually pinned, that is, the gaps were first 
placed 120° apart on the piston, and then the ends 
of the rings were notched with a fine round file, so 
that the semicircular notches just closed over the 
pins (see Fig. 6). The pins were a source of 
trouble in high-speed engines, and unless great care 
was exercised in screwing or fitting the pins tight 
into the piston, they would loosen and project and 
cut the cylinder wall. Thus this practice was 
abandoned to a certain extent. Pins are still used 
on many large, slow-speed engines and on two-cycle 
engines. There is no doubt that the pins had the 
advantage of insuring against their getting in line. 
But they also had disadvantages. The growth of 
the popularity of all kinds of patented rings with 
gas-type joints has thrived on this claim as well as 
on the claim that the patented ring exerts equal 
pressure at all points of its circumference, For 
instance, note the long lap of the Inland ring and 
the construction of the Leak-Proof and the Gill ring. 


Concentric and Eccentric Piston Rings 


It is important that a piston ring exert equal pres- 
sure or tension against the cylinder wall at all points 
of its circumference. Right here is one of the most 
important duties of a piston ring. If it fails to do 
this, then the part of the ring which does not press 
against the cylinder wall is bound to permit the 
compressed gas to pass into the crank case. 


Fig. 7 Fig. 8 
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The concentric ring (Fig. 7) is one of equal 
thickness throughout its entire circumference. 


The eccentric ring (Fig. 8) is made eccentric 
(thicker) at one point, as shown at (e). 


Some manufacturers claim that. the concentric 
ring will maintain equal tension under heat, if made 
of the right material, and others claim that the 
eccentric ring is the best—see Q. 6 and answer, 
page 834, 


A very popular step-cut concentric ring is the 
“hammered ring,” made by the American Hammered 
Ring Co., Baltimore, Md. This ring is shown in 
Fig. 9. Note that the inside of the ring has been 
hammered, or peened, with hammer marks. 


Fig. 9 


The makers claim that this operation causes the 
ring to have equal tension at all points of its cireum- 


ference. This make of ring is used on the Buick, 
Dodge, Pierce-Arrow, Locomobile, and Stutz 
engines. Another peened, or hammered, ring is 


made by the Wasson Piston Ring Co., Plainfield, 
N.J. and also by the Victory Piston Ring Co., 
Newark, N.J. 


Number of Piston Rings to Piston 


There are usually two or three piston rings above 
the piston pin, and quite often an oil groove is in 
the skirt of the piston. On many engines, there are 
three piston rings above the piston pin and one oil 
ring below the piston pin. On the Ford, there are 
two piston rings above the piston pin and one below. 
See Fig. 10, and note how the Ford rings are 
tapered in order to prevent an excess of oil getting 
to the combustion chamber. 


Racing engines often use one or two piston rings, so as to 
facilitate more perfect. lubrication, perfectly tight compression 
not being so necessary for high-speed motors as for low-speed 
ones. Moreover, good compression is more necessary for good 
carburetion at low speeds, while it is not so imperative at the 
higher speeds. 


The ring below the piston pin serves two purposes: 
(1) to prevent piston slap; (2) to keep oil down, and 
is often called the oil ring. 


_ Therefore, we might term the rings above the 
piston pin, the “compression rings,” and below, 
the “oil ring.” The oil ring is usually given slightly 
less clearance at the gap (see Ford ring-gap clear- 
ance, Fig. 10). 


If the piston pumps oil and the spark plugs ar 
constantly oil-soaked, the oil ring chould te ales 
drilled in the groove behind the lower ring, as 
directed on page 169 (see also Index under “Piston 
pumping oil’’), 


On this page, it will be noted that the oil holes 
are in the ring groove above the piston pin, as well 
as below. The practice is first to drill holes in the 
ring groove below the piston pin, and if this does 
not relieve the excess oil reaching the combustion 


chamber, then do the same wi i 
thane th the first ring above 
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Fig. 10 


Fig. 10. The Ford rings are cut .002”’ taper. This insures 
the ring wearing so as to conform to the cylinder walls in the 
shortest possible time, and, when assembled with the file or 
punch mark up, as shown, the ring presents a sharp edge to 
the cylinder wall on the down-stroke and an incline on the up- 
stroke. The incline rides over the oil, while the sharp edge 
pushes the oil before it, thus preventing the oil from working 
into the combustion chamber. 


On some of the earlier rings, there was a file mark in the 
upper edge, to show which side to place up. If the ring is 
upside down, it will have a tendency to pump oil. 


Ford piston rings are also machined with a groove near the 
edge, which should be toward the top when installed on the 
piston. See Fig. 11. On later--models, the word “‘Ford”’ is 
stamped on the upper side of the ring. 


Ford ring-gap clearance: First and second rings, .008’’ to 
015; bottom, or oil ring, .004” to .005’, since it is necessary 
that a small amount of oil work up between the piston and the 
eylinder wall. 


Measurements of Piston Rings 


Manufacturers differ as to the measurements of a 
piston ring. A gauge is generally used for this pur- 
pose. 


One type of gauge! consists of hollow tubes in 
which the piston ring is fitted. For instance, this 
tube would represent, say, a 4” ring, and when the 
ring fits into this tube with a certain opening of the 
ring gap it would be a 4” ring. Thus it will be 
observed that a ring is not measured by closing it 
tightly and measuring its outside diameter, but, in 
other words, the gap opening of the ring must be 
considered. 


For example, the average clearance of a piston 
ring is approximately .002” diametrical clearance, 
so as to allow for an oil film between the piston ring 
and the cylinder wall. 


CYLINDER WALL 


RING CLOSED 


Fig. 13 


Fig. 12 


The term “diametrical clearance”? means the dif- 
ference between the diameter of the cylinder wall 
(the bore) and the outside diameter of the piston 
ring (gap closed). In Fig. 12 the diametrical 
clearance is the distance (B) minus the distance (A). 


The term “radial clearance” means the radius of 
the cylinder minus the radius of the piston ring. In 


1 Another make of piston-ring gauge, made by D. F. Dun- 
ham, Oxnard, Cal. The piston ring 1s measured across the 
extreme outside diameter when the piston ring 1s tightly closed. 


Fig. 15 it is represented by (B-A). It should be 


OOL”’. 
RING OPEN RADIAL 
006 CLEARANCE, 
3 
Fig. 14 Fig. 15 


Therefore a ring that was rated as of a 37%%”” diam~ 
eter would, when closed (Fig. 13) measure 374” 
less .002” in diameter, or, in other words, if the ring 
were allowed to open .006” in its gap, it would 
measure 37” (Fig. 14), because a difference of 
.002’”" in diameter equals a difference of .006” in 
circumference (.002’”’ x 3.1416’’=.0062832”). 


Piston-Ring-Gap Clearance 


If the ring is out of the cylinder, it would approxi- 
mately measure on its outside diameter, with a .006” 
open gap, 37%"’, as shown in Fig. 14. Ifin a cylinder 
of 3%” bore, the gap.would be approximately 
.006’’ when stationary. 


When the engine is in operation, the piston-ring 
gap would almost close, and in that position should 
have approximately .002’’ diametrical clearance 
from the cylinder wall for an oil film, which would 
force its way between the ring and the cylinder wall. 


The oil film would occupy a radial clearance or 
space of .001” all around the piston ring, conse- 
quently the diameter of the piston ring would be 
reduced .002’”. -And, if the diameter is reduced by 
.002’’, the circumference is reduced by 3.14” x .002” 
=,.006”. This reduction must be taken up by the 
gap, and consequently the gap of .006” is reduced. 
However, in actual practice, the gap is not closed 
entirely, but should be almost closed when in opera- 
tion, so as to prevent oil from being pumped through 
the gap. This clearance is allowed so that the ring 
can expand and contract and yet fit firmly to the 
cylinder wall, allowing for the oil film. Thus if the 
gap is too great, the diametrical clearance will be 
greater, and consequently a greater oil film will 
result in-that part, and the oil will pass to the com- 
bustion chamber. Hence the importance of the 
exact gap clearance which should be ascertained 
from the piston-ring manufacturer when ordering 
piston rings. 


thickness 


001 in. t0,003. aa 
clearance. 


Fig. 17 


Method of finding the ring-gap clearance in the 
opening of the ring (see Fig. 16): Place the piston 
without rings into the cylinder. Then slip the ring 
into the cylinder behind the piston, as shown in Fig. 
16. Pull the piston up against the ring in order to 
square the ring up in the cylinder. If the cylinder 
is worn, it is usually so at the upper end. A thick- 
ness gauge is then applied, as shown in Fig. 16. 


828 


The average ring-gap clearance, or the distance 
between the end of a gap-cut ring, should be .0015” 
(1144”) to .002”, for each inch in diameter of the 
cylinder. Some manufacturers, the Gill Co., for in- 
stance, advise .003” clearance for each inch in diam- 
eter of the cylinder. 


In the absence of explicit instructions from the 
piston-ring manufacturer, the following gap clear- 
ances could be followed: 

Be to Byer 
38” to 31%” ring; 
314” to 4” ‘ring; 
4” to 414” ring: 


gap clearance .006” 
gap clearance .007 
gap clearance .008” 
gap clearance .009” 


ring: 


The usual method of ordering piston rings is to 
measure the diameter of the piston and the width of 
the groove, and to state the make of engine. The 
manufacturer has a list which he refers to, and can 
then give the proper ring. The best plan is to 
measure the cylinder, as it may be worn. To do 
this, cut and file a wire which will fit exactly to 
the bore of the cylinder, and measure the width 
of the piston groove, and send this to the manu- 
facturer. 


Note that the test of the cylinder for size should 
be made in that part of the cylinder where the rings 
travel, as more wear usually takes place at this point. 


Standard and Oversize Piston Rings 


On new cylinders, where they are perfectly round, 
the piston ring is the standard size. 


On old cylinders which have been worn out of 
round, as a result of piston slap, or in cases where 
the rings “travel,” it is necessary to fit oversize 
piston rings. 


Therefore, in ordering oversize piston rings, it is 
necessary to measure the cylinder where the rings 
travel. However, it will be found that the fact 
that the cylinder is out of round will necessitate a 
slightly larger ring which should be lapped in and 
the gap dressed down as the fit is being made, the 
idea being to seat the ring to the out-of-round posi- 
tion of the cylinder. Usually, when this work is 
done, the rings are very stiff , and the engine is run at 
idling speeds with water running through the radia- 
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tor and with plenty of oil. The rings are fitted tight, 
so that they will work or seat to the cylinder, and 
many hours of running in this manner may be neces- 
sary to make a good fit. 


Piston-Ring-Groove Clearance 


The ring should be rolled around the ring groove 
in the piston, as shown in Fig. 26, page 831. The 
proper fit of a piston ring in a groove is that which 
permits the ring to fit snugly without binding or 
sticking at any point. When it is loose or sloppy in 
its ring groove, there is danger of lubricating oil 
getting behind the ring and traveling to the combus- 
tion chamber, resulting in the formation of carbon 
and in gumming the ring. 

Likewise, extreme care should be taken to see that 
the groove is clean, and that the wall thickness of 
the ring is not greater than the depth of the ring 
groove. ‘Therefore the inner edge of the ring shouid 
not extend above the edge of the piston at any point 
when placed in the groove. 


S.A.E. Depth and Width of Ring-Groove 


Size of Depth of Width of 
Piston Groove Groove 
216” SiGe L267 

tt 27” .188/” 
314” .142” . 188” 
ce .158” .188” 
416” BU ke 251% 
Oak .190” 201” 
516” 2077 Bo: 
Gees re hl aa 
614” .240’” old” 


Owing to slight variations in the width of ring 
grooves, it will occasionally be found that the ring 
is slightly tight or wide for the groove for which 
it is intended. This difficulty can be overcome by 
the use of a piece of fine emery cloth tacked to a 
flat surface (Fig. 30, page 832). " The ring should be 
gently rubbed with a circular motion on this emery 
cloth until it will fit the groove without sticking. 


To measure ring-groove clearanc (see Fig. 17): 
Remove all grit and see if the me walls are 
straight and not worn. The rings should fit freely 
into the grooves, and should be from .001’’ to .002” 
narrower than the groove. 


PISTON-RING TROUBLES, TESTS AND REPAIRS 


If the rings do not fit the cylinder wall with equal 
tension at all points, there will be a loss of compres- 
sion and a smoky exhaust. ; 

If the rings are exerting equal tension, they will 
be smooth and shiny, as will also the cylinder walls. 

If the rings are dull, and there are spots in streaks 
on them, it will indicate that the flame from the 
combustion passes between the piston rings and the 
cylinder wall, leaving a sooty deposit, and the com- 
pression will also pass, reducing the power of the 
engine. 


Causes of Leaky Piston Rings 


1. Rings sticking in their grooves because of gummy 
deposit from lubricating oil ; Tings that are stuck 
in their grooves will usually not press against the 
cylinder walls. 


2. Rings may have become broken. 


3. The joints of the rings may be in line, allowing 
the compression to escape. 


4, Rings may be worn or cut from lack of oil. 
5, Rings may not be wide enough for the grooves. 


6. The oil pressure may be too great, and oil of too 
thin a body may be used. 


Testing Rings and Cylinder for Leaks 


In order to find out if the rings leak, try the piston 
and see if the gas is escaping through the rings into 
the crank case. This can best be accomplished by 
removing the lower part of the crank case, after 
which turn the crank so that the piston makes its 
compression stroke, and listen for a bubbling sort of 
hiss in the crank case. Test each cylinder separately 
by opening the relief cocks in the cylinders that are 
not being tested. First determine which cylinder 
it is that is leaking. There is no mistaking this 
sound, since the crank chamber acts as a resonator, 
and even the slightest leakage is distinctly audible. 


If the sound of gas escaping past the piston rings 
continues for an appreciable time (upward of a 
minute or so), the chances are that the use of an 
oil of slightly heavier “body,” for cylinder lubrica- 
tion, might cure the fault. 


However, if the escape is of short duration, the 
matter is more serious, involving as it may a cracked 
piston, scored cylinder walls, or broken, warped, or 
gummed rings. 

_ If this is suspected, flush out the cylinder combus- 
tion chamber with an oil-gunful of gasoline, making 
no attempt fully to remove the liquid. Again put 
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the piston on lower dead center, and with the aid of 
an electric lamp and a small mirror, observe the 
bubbles caused by the escape of the gas about the 
lower edge of the piston. There will naturally be 
no bubbles at this point if the piston head is frac- 
tured, but it may be possible to see the crack through 
which the leakage occurs. At any rate, if enough 
gasoline has been left in the cylinder, one will be 
able to see it trickling down the connecting rod or 
inner piston walls, should such a crack exist. 


_ If the cylinder walls are scored, one will see the 
liquid at but few points about the lower edge of the 
piston, and, as the gasoline washes the oil away, 
possibly the score marks will also be seen. 


In case the trouble is with the rings, the bubbles 
will be more evenly distributed about the periphery 
of the piston, and will be all of about the same size. 
Should this latter be the condition, use the kerosene 
treatment for gummed rings; this may eliminate 
the leak if the rings are only gummed. If this latter 
is not effective, the job is one of replacing rings. 


If the gas is escaping through the rings, it will 
be necessary to take out the pistons and to look at 
the rings. If there are black spots on the rings, it 
is evident the gas has been escaping at this point. 


_ To test a piston for a leak: Set the piston bottom 
side up in a pan of gasoline-and pour about 1” of 
gasoline into the interior of the piston. If there isa 
hole in the piston, the gasoline will seep through it. 


Remedying Piston-Ring Troubles 


Gummed rings: After long periods of running, a 
depesit of charred, or partially charred, lubricating 
oil is liable to form behind the ring and to interfere 
with its free movement; it is a good plan, therefore, 
when overhauling the engine, to slip the rings from 
the piston and thoroughly to clean out the grooves. 


A kerosene oil treatment to loosen rings: Engines 
have been known to lack power merely from the 
rings becoming gummed up. This trouble can be 
remedied by first running the engine until it is warm; 
then stop it, take out the spark plugs, and pour some 
kerosene into each cylinder, by pouring the kerosene 
through the spark-plug holes. Plug up the holes 
with old spark plugs, and then crank the engine 
several times by hand, so that the oil will work its 
way down around the rings; leave this oil in over 
night, and next morning crank the engine a number 
of times until you think the oil has passed into the 
crank case. Drain the crank case. After thor- 
oughly draining, and putting in fresh jubricating 
oil, start the engine. ‘The engine will smoke con- 
siderably to begin with, but this will soon pass away. 
This will not only loosen up the rings, but will also 
clean any carbon that may have become deposited 
in the combustion chamber. This treatment often 
saves the trouble of fitting new rings, and in some 
cases will make a marked difference in the running of 
the engine. Be sure, however, to clean out all kero- 
sene, otherwise the lubricating oil will be thinned. 


If the ring is broken or if it is dull and dirty in 
spots and streaks, a new ring or rings must be fitted. 


If a ring is cut or scratched, a new ring is neces- 
sary. 

If the walls of the cylinder are cut or scratched, 
then rebore, grind, ream or lap, as directed on page 
815, and fit oversize rings. 

If the ring has lost its tension. and does not spring 
freely against the walls of the cylinder, it can be 
peened, as shown in Fig. 18. 


Remedying Excessive Smoke 


As previously stated, if the rings are leaking, an 
excess of smoke will pass out of the exhaust, as a 
result of the oil passing the rings and entering the 
combustion chamber. See pages 168, 768. 


Peening Piston Rings 


This operation is for a ring which has lost its 
tension. A peening hammer should be used 
instead of the various flat-headed types that are 
used at times for peening a piston ring. The metal 
may be more readily distributed by the blows from a 
peening hammer, which can be directed better, 
since the head is so designed that a large part of 
the surface is not covered at one time nor struck 
by any single blow. 


Fig. 18. Peening a piston ring. 


In this manner slight changes in the shape of the 
metal may be made without distorting the metal in 
any way. It is very important in any peening 
operation that the surface upon which the hammer- 
ing is done be as flat and hard as possible, for any 
irregularities in the shape of the surface plate will 
be just as effective in causing distortions as a blow 
from a badly shaped hammer. A good method of 
providing such a surface plate is shown in Fig. 18. 


Note. This work should be avoided if possible, 
by selecting a new ring. 


Removal of Rings 


The removal of rings from piston grooves is not 
difficult if a little forethought is taken. To open 
them, it is best to use a pair of very thin-jawed pliers, 
the jaws opening outward (see Fig. 19). A sub- 
stitute for pliers can be made from iron wire. 


When the ring is slightly expanded by the use of 
special pliers, similar to those shown in Fig. 20, a 


PISTON RINI 
PLIERS 


Fig. 19 Fig. 20 


Fig. 19. One method of removing piston rings from piston 
grooves. The ring is expanded slightly by special pliers. 
Strips of metal are then inserted under the rings at equidistant 
points, when the ring can be safely slid off. In replacing the 
rings, the lower one is first fitted on over the strips, and then 
the other two. 


Fig. 20. Piston-ring pliers. 
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narrow strip of very thin metal (tin or brass will do) 
should be pushed through the opening and worked to 
the opposite side of the slot; then if the ring is 
opened a trifle more, an additional strip of metal can 
be placed near the ends of the ring, when it can be 
worked off quite easily and without any risk of 
breaking it, such as would result from an attempt 
to expand it larger than the piston diameter. 


It is a good plan to mark each ring for its own 
groove, and also, when they are not pinned, to mark 
just where the slots should come on the piston. 


Marking Piston Rings when Remoying 


The amateur or junior repairman who removes 
the piston rings from a piston for the first time, either 
for examining the piston-ring slots for sandholes or 
wear, or for cleaning the rings and slots, generally 
neglects to see that the rings are marked so that 
they may be replaced in their proper grooves. The 
result is that considerable difficulty often is experi- 
enced in getting the rings back into the piston in 
good order. To avoid this, mark the piston rings 
as indicated. 


Fig. 21. Mark piston and rings when removing the rings. 


The ring in the top groove of a piston has one 
notch (N) in the upper, inner edge, opposite the 
diagonal (D) where the ring is thickest, This 
notch is made with a file and is very small, so as to be 
just visible, but at the same time not deep enough 
to weaken the ring. In a similar manner, the next 
ring below it is marked with two notches, and the 
third ring, with three notches. If more rings are 
used, a corresponding number of notches are em- 
ployed to mark them. With rings thus marked 
there should be no difficulty in getting them replaced 
in their proper grooves. Care should be taken, 
however, when the rings from more than one piston 
are removed at the same time. In fact, it is advis- 
able to remove, clean, and replace the rings of one 
piston before removing them from others. 


Fitting and Testing a Ring to Cylinder 


After having selected a set of rings, the first opera- 
tion is to fit them into the cylinder to see if they 
have the proper ring-gap clearance. Taking one of 
the rings, try very carefully to shove it straight in, 
concentric with the cylinder walls; if the ring is of 
the diagonal slot or miter-cut, type (Fig. 1, page 
825) and its diameter is a little large, the ends will 
run upon each other, throwing the edges out of 
line; while if a ring with step-cut overlapping ends 
(Fig. 2, page 825) is used, it will not go in at all. 
In such case, the ring ends must be filed (see also 
page 827, for testing piston-ring gap clearance), 


Filing Ring Gap for More Clearance 


nay very. simple and effective means of holding a 
ring for filing is shown in Fig. 22. The ring is 
placed on a block of wood and a few small nails are 
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driven into the block both inside and outside of the 
ring in such a manner that the ring is held securely 
in place for filing. 


Filing a ring joint. 


The heads of the nails are then cut off, the ring is 
removed, and the nails are filed down so that they 
will extend just below the top surface of the ring 
when it is replaced on the block. With the nails 
well placed, there will be no danger whatever of 
breaking the ring when filing. A thin, smooth, flat 
file is best for this. The ring can also be placed in 
a vise, between vise clamps, and filed. 


The ends must be trimmed off so that when the 
ring is well up into the cylinder there will be a 
clearance space of at least .006’’ between ends (Fig. 
16, page 827), to allow for expansion caused by 
heat of the explosions. The groove on the block 
shown in Fig. 22 is used when reducing the diameter 
of diagonally slotted rings. 


Try each ring in the cylinder to which it is to be 
fitted, being sure to have it placed fully up into the 
cylinder where the ring travels. Then measure the 
opening in the ring as described on page 827 (Fig. 
16). If too great an opening is allowed to exist, 
compression can easily escape. Sce page 827 for 
“Gap clearances.” 


The ring should be repeatedly tried in the cylinder 
in order that the space may not be filed to exceed 
the dimensions stated. The inside portions of the 
rings near the ends should rest against the nails 
(Fig. 22), in order that they may not be broken 
off when filing the slot. Having attained the proper 
space between the ends of the ring, now place a 
light in the cylinder behind it and see how its face 
conforms to the wall of the cylinder. 


If one part of the circumference of the ring fits and 
another part does not, the high spot shows up when 
the ring is dipped in gasoline and then rubbed with 
cloth. The high spot will be more shiny than the rest, 


When the ring fits well all around, the overlap of 
the ends should be absorbed; if they are not, file 
them until the edges have at least .006” clearance 


- when the ring is in the cylinder. 


If the ends of the rings are hard butted against 
one another when in place in the cylinder, they may 
be buckled by expansion when hot, and make start- 
ing the engine a two-man job. 


If there is a contact all around, when testing rings 
in the cylinder, the ring is then ready to be fitted to 
the piston; but if the contact is poor, either the ring 
or the cylinder is out of round, leaving space between 


cylinder wall and the ring, as at (C) and (P) i Figs. 
23 and 24. a Eg 
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Fig. 23 


Fig. 24 
Fig. 23) Cylinder out of round or ring is not exerting equal 
tension at all points. Note open space at (P). 
Fig. 24. Note space at (C). The same conditions may 


have existed, or the ring was sprung when it was removed or 
was originally placed on the piston. 


A ring which does not fit or seat the cylinder wall 
all around permits oil to pass to the combustion 
chamber and gasoline to pass to the crank case, thus 
thinning the lubricating oil. 


Lapping a Ring to the Cylinder 


To work or Jap a ring to fit the cylinder: Make a 
plug of yellow pine (Fig. 25) to fit easily into the 
cylinder and square one end. Lay the ring on this 
end with a small batten across, secured by a screw 
through the center, but not holding the ring tightly. 


A handy device for testing and fitting the piston 
This device consists of a round block of 


Fig. 25. 
rings in a cylinder. } 
wood with a handle on one end. The piston ring is placed on 


It is placed 


the other end and is held by a block and screw. 
(Automobile 


in the cylinder and worked back and forth. 
Dealer and Repairer.) 


Smear the bore as evenly as possible with a little 
vermilion and lubricating oil mixed to a paste, and 
move the ring to and fro in the cylinder while it is 
held square by the plug. Generally, it will be found 
to bear hardest at each side of the slot. File such 
places carefully with a smooth file. See also page 
816, for directions for lapping rings, pistons, etc. 
An old piston can be used for this purpose, but it 1s 
best not to use the regular piston. Rotten stone 
mixed with oi] to form a paste can be used, and is 


preferable to emery (see page 816). 


Testing Rings to Fit Piston Grooves! 


When the rings have been fitted to the cylinder, 
the next operation is to test them for a fit in their 
respective grooves on the piston. As regards the 
ft of the rings in the grooves, they should be just a 
free fit, neither tight enough to jam, nor slack enough 


to rock. 


1When fitting patented rings, remember, if the rings are 
absolutely tight at the joints and the wall of the cylinder, they 
might prevent lubrication altogether, and the cylinder would 
run dry. Therefore many place merely one patented ring in 
the top groove, and the regular rings 1n the other grooves. 


The patented type of ring requires very little lapping by 
hand. When the rings, fitted to the pistons, are put in, the 
engine is allowed to run at low speeds until rings are worked in. 
You will find that that is all the lapping thatis necessary, unless, 
of course, the cylinder is scored or badly out of round. In 
such cases, the proper remedy is to have the cylinder rebored 
and new oversize pistons made, and piston rings made to fit 
the new diameter of the cylinder 
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If the piston ring is loose or sloppy in the groove, 
do one of two things: (1) turn the grooves out 1/32” 
larger on the lathe and get rings to fit, or (2) buy 
and install new pistons. Remember, no piston 
ring will function properly if loose or sloppy in the 
ring groove. 


If the pistons have too much play in the cylinders, 
replace them with new pistons. Don’t expect the 
impossible of any piston rings. 


If the bore of the cylinder is found to be worn 
extremely out of round, we recommend that the 
cylinder block be sent to some reliable concern for 
regrinding or reboring. Such a degree of efficiency 
in that art has been reached that a worn cylinder 
can often be made as good as, if not better than, new, 
and particularly when the repairman or mechanic 
specifies and insists on the installation of good 
piston rings. Have the same concern fit oversize 
pistons or rings individually to each cylinder at the 
time the cylinders are ground, as this is necessary if 
the cylinders are enlarged. Where this is not pos- 
sible, secure oversize piston rings and lap to fit the 
cylinder, as explained on page 816. 


Try each ring in its groove by rolling it around 
the groove in the piston, as shown ‘in Fig. 26, and 
make certain it fits properly. This is extremely 
important as no piston ring will function properly 
if it is loose or sloppy in the ring groove, or if it is 
too tight. 


_ Fig. 26. Testing a piston ring in the piston groove. The 
ring should fit in the groove with about .002” play, and should 
move freely all around. 


It is very important that the groove be there 
cleaned of carbon and gum, which can be done wit 
a, small screwdriver, some kerosene, or gasoline, and 
a cloth. 


Also be sure that the piston is perfectly round. 
If the piston is slightly oval, squeeze it in a vise, the 
jaws of which are covered with copper or lead, or 


tap the piston gently with a rawhide or wooden 
mallet. 


The piston ring should fit snugly, as at (A) (Fig. 
27), but should still be free to slide in and out 
easily; if it binds in any place, dress the sides down 
as in Fig. 30. 


PISTON 
GROVE 


Fig. 28 


Fig. 27 
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An example of an ill-fitting piston ring is shown at 
(B) (Fig. 28) and also in Fig. 24, page 831, where 
(C) (Fig. 24) shows the space left open between 
the ring and cylinder wall by the ring being sprung 
when it was put on the piston. 


Occasionally small ridges or shoulders are found 
at the back or bottom of the ring groove, which may 
prevent the ring fitting into the groove. These 
can be removed with a lathe, but where no lathe is 
available, this trouble can be overcome by making a 
shght change in the piston ring as follows: Take a 
file and rub it slowly around the inner edges of the 
ring—the edges which come in contact with the 
ridges at the back of the groove—and remove 
enough material in this manner to permit the ring 
to fit into the groove without touching these ridges. 


It sometimes happens that a ring does not seat 
all the way round. Such a ring allows the oil and 
gas to pass, and should be replaced. 


Hig, 29, To remove a ring, insert the handle end of a file 
or some similar object under the ring near the gap, and raise the 
end of the ring out of the groove. While pressing the ring out 
of the groove, run the file around the piston until the ring has 
been completely lifted out. It may then be slipped off the 
end of the piston. Before replacing a ring, the groove should 
be cleaned of the carbon, 


Most manufacturers now cut the grooves in the 
piston, and grind the face and edges of the rings toa 
gauge, making very little hand-fitting necessary. 
But there are cases (and these are the ones that 
generally come into the repair shop), where the cut 
was just a trifle larger, or the ring a little smaller, 
than the gauge, making it essential that each ring 
be individually fitted to the groove in which it shall 
subsequently rest. 


Lapping Sides of Ring to Fit Groove of Piston 


Tight rings in grooves may be eased by grinding 
or lapping the sides on a sheet of fine emery or crocus 
cloth, fastened to a piece of board planed quite flat, 
and true. The ring is gently rubbed back and forth 
with a downward pressure, as shown in Fig. 30, 


CROCUS OR 
EMERY CLOTH 


_Fig. 30. Method of dressing or lapping the sides of a 
piston ring on a surface plate to fit the groove in the piston. 
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Lapping should not continue for a long period ‘on 
one side. The ring should be turned over occasion- 
ally. After lapping, the ring should be immersed 
in clean gasoline and fitted to the groove—not to any 
groove, but to the groove which it nearly fitted 
before. If every part of the circumference of the 
ring fits every part of the groove, the lapping is com- 
plete and the ring may be tagged or marked to 
designate its location. 


To dress down a ring properly requires some skill, 
and a good mechanic will select a ring which will 
demand the least amount of trimming, for it is a 
delicate operation. 


Fitting Rings to Grooves of Pistons 


When fitting rings in the grooves, begin with the 
ring selected for the bottom groove, so that that 
ring will be the first to be slipped on to the piston. 


Select the best fitting ring for the top, so that oil 
below it cannot be consumed by the high tempera- 
ture of the exploding gas. If fire, or flame from the 
combustion chamber flows past the rings, oil will be 
burned off the piston and the cylinder wall, causing 
it to become scored, even though the oiling system 
might be working perfectly with the best grade of oil. 


When placing the rings on the piston ready to 
replace the cylinders, they should be set with the 
joints (if it is a piston with three rings) about one- 
third way from each other, so that the openings will 
not come in a straight line or be close together. 


_ Fig. 31. One method of slipping a ring on a piston and 
into the groove. 


A quick and safe method of slipping rings into the 
grooves is shown in Fig. 31. Take three strips 
of sheet metal, brass or tin (S), for instance, about 
1/32” thick, 14” wide, and 5” long; bend these at 
right angles and hang them on the edge of the piston 
at equal distances apart. The ring (R) may then 
be slipped over these skids till it is opposite its 
groove, when the strips may be removed and the 
ring allowed to slide into place. Install the ring in 
the lower groove first and work to the top groove 
last. The same strips may also be successfully used 
in removing the rings. 


Replace the same piston rings in the same cylin- 
ders if removed and replaced again. The use of 
boards with numbered pegs is recommended, to 
avoid mixing the rings. 


A ring should never be Sprung over a piston to the 
second or third groove. Use strips (S) (Fig. 31), 
which will permit easy replacement without distort- 
ing the ring. 


Piston-Ring Travel in Cylinder 


Note (Fig, 32) the ring travel on a cylinder wall 
and how the cylinder wall is in time worn lower in 
this space, with the result that a projection is left 
at the top and bottom of the cylinder wall, 
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Overlap of Piston Ring 


_ On some of the modern types of engines the ring 
is permitted slightly to overlap the cylinder wall, 
at top and bottom, as shown in Fig. 33. 
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Hudson and Essex Piston Ring 


On the Hudson and Essex engines the piston-ring 
groove is burnished at top and bottom to prevent 
oil working up past the piston into the combustion 
chamber. Note also (Fig. 34), the oil duct to 
the piston pin. 


See also page 808 for illustration and description 
of Essex piston. 


rent. 
WALL 


PISTON GROVE BURNISHED 
TOP AND BOTTOM 


OlL_HOLE TO 
PISTON PIN 


Fig. 34 


REPLACING A PISTON IN THE CYLINDER 


Before putting pistons into cylinders, oil the inside 
of the cylinder and the inside of the piston with 
cylinder oil, as oil will not have a chance to reach the 
upper portion when first starting. Also see that 
the piston pin is properly set, and that the set 
screws are tight, and that the piston and connect- 
ing rod are in alignment. 


When replacing the piston in cylinder, some device 
must be provided for holding each ring in its groove, 
so that it will easily enter the cylinder. By no 
means force or drive the piston and rings into the 
cylinder. A string may be used as shown in Fig. 35. 
A better method is shown in Fig, 36. 


Fig. 36 


Fig. 35 
Fig. 35. Method of replacing a piston in the cylinder with 

a string holding the ring in its groove. 
' Fig. 36. A serviceable device (C) for compressing rings 
when fitting piston (P) to the cylinder. Especially adapted for 
Ford pistons, which are not champfered. This tool is bored 
with a long gradual taper which allows the open rings to enter 


easily at the top. . It is placed in position over the cylinder, 


and as the piston is forced downward into place, the rings are 


gradually compressed sufficiently to enter the cylinder. 


Replacing cylinders over pistons: It is not diffi- 
cult to put a single cylinder back on its piston after 
it has been necessary to take it out, but it is not so 
easy when the cylinders are cast In pairs, as it is 
difficult to guide the rings into the cylinder barrels 
simultaneously. The job is greatly simplified by 
taking the precaution to place the cranks up and 


down, so that one piston is at its highest point and 
the other is at its lowest. This means that the pair 
of cylinders can be dropped straight over the pistons, 
the rings of the upper piston being guided into the 
cylinder before those of the lower pistan are replaced. 
When it comes to dropping one of the mono-block 
castings of four cylinders on to four pistons, it is 
still best to work this way, so that only one other 
pair of hands is required, and that the two upper 
pistons may be guided into their cylinders first. 


Note. When reinstalling a piston, be careful not 
to push it up into the cylinder as far as it will go. 
The upper ring may jump over the valve opening, 
holding the piston until the ring is released, which 1s 
a difficult situation to remedy. 


On many engines the piston and rings are fitted 
to the cylinder from the under side, and in many 
modern engines the lower ends of the cylinder bores 
are beveled to facilitate the insertion of the piston 
with the rings attached. In some cases there is a 
slight champfer at this point. 


Running-in after Fitting 


After completing the job, put plenty of oil in the 
crank case; enough so that not only the oil pan will 
be full, but that enough is above the oil pan so that 
the connecting rods will dip. Connect the radiator 
with the hose so that water will run through; run 
the engine slowly for about an hour or so. Do not 
race engine. Then run car at not over 15 or 20 
m.p.h. for first 500 miles. Use plenty of oil. Thus 
rings will burnish to a nice fit to cylinder wall. 


When fitting new rings to a piston, be sure that all 
the other cylinders have good compression, other- 
wise the cylinder with good compression will have a 
rich mixture and those with poor compression a 
Jean mixture; result engine will not idle properly. 


Piston Rings—Oversize 


Oversize piston rings must be fitted to the pistons 
when oversize pistons are fitted to the cylinder. 
The oversizes of piston rings are: .005”, 010", 
015”, 020’, .031’, .046”, .062’’, the same as in the 
case of the pistons. See also, page 828. 
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Q. 1: 
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Questions on Pistons and Rings 


How many rings are generally used? 


Ans.: 3 or 4. 


Ans.: 


Q. 6: 


Q. 2: How many rings are generally used on racing 
car engines? 

Ans.: lor 2. (See reason on page 826). 

Q. 3: What clearance should cast-iron pistons have 
on an average? 

Ans.: .001” per inch of piston diameter. Sce page 
809. 

- Q. 4: What clearance should aluminum-alloy pis- 

tons have on an average? 

Ans.: .002” per inch of piston diameter. 

Q. 5: What is the difference between concentric and 


eccentric piston rings? 

A concentric ring is one of equal thickness 
throughout its entire circumference, An 
eccentric ring isnot. Ata point (e) (Fig. 8, 
page 826) opposite the split in the ring, it is 
made thicker. 


What is the advantage of eccentric rings? 


Ans.: Unless a piston ring bears with equal tension 


on the cylinder wall at all points of its cireum- 
ference, the compressed gas would pass at 
the point where it did not bear, and thus leak 
compression. A ring is subjected to consider- 
able heat, at which time it may loose its ten- 
sion at some point of its circumference. 
Some claim that by making a ring eccentric, 
it will retain its tension under heat more 
than a concentric ring. Others claim that if 
a concentric ring is made of the proper 
material it will retain its tension. Most 
of the patented rings are concentric; in 
fact the majority of plain rings (page 826) are 
concentric. Sometimes two concentric rings 
(patented type) are fastened to each other, so 
as to have the splits diametrically opposite 
each other, as in the case of the Leak-Proof 
(page 825). The Inland (see page 825) 
is a one-piece concentric ring with a long lap. 
Some advantage is claimed for concentric rings 
over eccentric rings; for instance, the carbon 
that accumulates back of the ring will tend to 
lock an eccentric ring sooner than a concentric 
ring, thereby preventing the natural shifting 
of the ring around the piston groove. 


Regrinding and reboring shops have found that 
there is greater demand for their services when they 
carry a stock of piston rings and when they are able 
promptly to finish their jobs by installing rings. 


PISTON RINGS OF ASSORTED SIZES 


The assortment below! includes popular sizes. 
Repairmen who specialize in overhauling particular 
make of car, truck, or tractors can make up stock 
assortments accordingly. 


ict ASSORTMEN TS 
Sizes For Following Cars 144 300 
26x27 Oakland, Oldsmobile, Seine oie ORG AOC DCRR Gor crt 24 24 nf ie ie ves 
2% x3% Oldsmobile, Saxon, National Ginger net: ald: cuit ec <n eel eae 24 36. 36 36 48 
3 - x3 Packard, Cameron, Vim Track vA very ‘Trucks: ots -..4eek one 24 24 24 36 48 
314% x5 Paige, Roamer, Crome Hillchart Aubin: macho oe. ade uee cal 24 24 24 24 24 
3% x46 _ Cadillac, Velie, Studebaker, Auburn..................0000 ~ 24 24 36 48 
34 x3 . Hupmobile, Beggs Six; Continental PEW nico SSR ea ee 24 24 36 60 72 72 
3% x)4 Overland, Kline Kar, Noma, Harroun............ ieee ae 12 12 12 12 
334 x34 Buick, Essex, Keystone Track, Chevrolet iss, oses sav oo ce en. 24 24 36 48 96 96 
372% Hudson, Roamer, Haynes; Continental 7N..........) 24 36 72 96 108 
3 xy Apperson, Holmes, International Truck.......................,. 12 12 
BAe ip NOP RE Pa cronioamah.e «20% tisalelontuneseaichriewc va. scan Mh ae 12 24 
PO Bot aent cuban’ Ob dulata kod: ae £ 12 «42 
3%4.x% Maxwell, Kissel Kar, Willys-Knight.. |) 94 Wicca 
3M¢x5% Chevrolet, Samson Truck, Oldsmotile.........0. 12 12 24 36 36 = 
334 x3% Marmon, White Truck, Huffman Truck... 7.00.0... 00.00.00 .5.00.. 24 24 36 48 e 
334x4 Ford, Vim Truck, Indiana Truck Dispatches... see 24 36 60 108 144 y 
3% x3 Dodge, Case Truck, Kissel Truck, Studebaker.................. 12 24 36 48 73 a 
4 x%@ Pierce-Arrow, Peerless; Oneida Truck. cs... cecteneveccs. ce. iy 
4 x4 Fordson Truck, Yankee Truck, Wetmore Truck... . Boon ae ; 12 12 , 24 "34 a 
4% x3, Republic Truck, Velie Truck, Niles Truck. casncsk «0c: geen 12° 12 24 oy os 
44 x% Willys-Knight, Overland Truck, Reo Trucks, £0... ee 12 12 io | 
4144 x4 Locomobile, Dart Truck, Old Reliable Truck................... ; a " 
414xl4_ Kelly-Springfield Truck, Diamond Trucks: ). cscs, 0. - HA 
434 x14 Stutz, Standard Truck,! Wisconsin Truskait 6.6)... @ eee a : 
PORE ROi sey) ee ammnsln Trucks cite. <, Age COR 12 12 
314 x% 031 : von. 12 
ee bos : srelele 12 
31% x3% .015 my’ ee 
314 x% .031 Oversizés for rebored, reground or worn cylinders of Sl se 
334 x14 .005 cars, truck or tractors mentioned above, : ‘12 12 oy af 
334.xl4 .015 ; : os * 
3% xlZ .031 ‘ can wine e = 
326 xt 015 ae? a; ae 
3% x% 031 a ag 
ee Bae me sieis Sieve A006 12 


1 This assort. 
be secured. 


ment has been listed by the Gill Mfg. Co., 8300 So. Chicago Ave., Chicago, Ill, 


All or any part of the list can 


TEER 


ye) 


This list is taken from the Size 


Mfg. Co., 8800 So. Chicago Ave., Chicago, Illinois, 
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SIZES AND 
NUMBER OF PISTON RINGS REQUIRED ON VARIOUS PASSENGER 
CARS, TRUCKS, AND TRACTORS! 
— $C ji! 
ADVANCE RUMELY. oe nt oe CHALMERS—Passenger FORDSON—tTractor 
ings ize Rings _Size ; : 
Year Model Required Inches Year Model Required Inch pir acl 
1910-21 30-60. .. 510-10 x5 = 1917-21 35... Gree pee ee Bogue’ oe 
1910-21 G20-40.. 2.0.0.1 ...0: 10 8 xq5 CHANDLER—Passenger ie reas’ 
TOA, UIE coeoeAcdocecean SMUD LOL <0) Wit O14gmE 15 te oe waa 336x rts 
1918-21 H16-30........... ..10 7 x%&% A) i eae 12 3%4xig ers 
NEA) URI oonoaea sande on oad Gi ee oes el, yee pee em eee bax oe FRANKLIN—Passenger 
ADVANCE RUMELY—“Gas Pull” Tractor 1915 MO So pneadenoae atonon 6 { 384x54 1914 Series 4, 5,6.......... 18 35 gxi6 
ELI Sis oqgdsbncosnonen 6 . 7}4xi4 CA) fidoameet ane pieae ct 18 — 334xi4 Ta CCP eae g ear naas 28 2" a sere 
een ee Oe ee SIIB Sad nahemnomaooeny es Te eee SEMOCH owe hoaneen dpe ane on 4% 
ADVANCE RUMELY oe eee ENTE Uh peapeen eae ten 1s Bidet GARFORD—Truck, 
BEF tO BE soueay ART OLET Penne eee Feat 
sy ees 4 OVI saris (eh irate ast toast 3Uxz I) ROS UA SO 1. AXA, 
Vat AULAS-CHALMERS. “Tractor ) AES Hap ET ES eure 1915-17 7 Letom... s esac 12 3igxc 
Til > OS eae ween ma SE CHEVROLET-Truck 191519 6-ton "12 stone 
ee eae 2 44x) 1918-21 12 344x.1890 1915-20 5-ton "112 "434x34 
es etoerseceanecn oats 2: -2 ie 
AUBURN—Passenger Bea | 4910-21 ide Nr Ee aa i“ taxKg 
ny WEE asad 12 44x “1917-18 773 344- 1B dient 
1914 G-46...-... 660-2 ee 24 = 334x4 AQIAGE  Oveeeeer erecta aes 4Yxt 1917-19 75B 1-ton 12 ane 
he ee bene t teen nese cece 16 Bi 34 1914 414x $5 1918-19 75C 1-ton. 12 -334xi% 
1915 IGE rane sian 19f5 4x5 1919-21 25 1)4-ton.... 12 eel 
Loe eee ae Bi3x 35 1915 Bgxi4 1919-20 7-770,3)4-ton 12 434x 
Pee Ae xe dele Bx toot Band 7 Savon. ie taxi 
1916 6-38 2nd Series. ,...... 18 34x 1916 riven SDE Ge aoe elena 16 ee 
1916 6-38 Late......... lS 3Y4xre 1915-21 All 8-c Box te 1915 153% veins os — Truc 12 4 
1916 GAA... see eee sees 18 35x te woth CUNNINGHAM Passenger hiss ERD Cee nc 12 4 xi 
SGiicon Rane rad OEOrOC x LEG dateie sqesnaaanycobods ee crag) | LOMAToSton mone 
1917. 6-39-Ist Series......... 18 34x5 1916-20 V1, Y2, V3, V4......-- ae Bg es ee 50 peraee siete trees 12 es 
1917 6-39 2nd Series.......- 24 34x te 1921 v4'and:Series......... 40 334x x 1916-20 3 ad POE e208 Te 4 fax 
ag Pan satespraec ¢ emer a8 Bini ‘. DANIELS—Passenger : oe VE de Hee Sussease Gas Bee 12 3 Axis 
Fk aeeaesre aed lox 1915 Rs chad Binia ae 1 a pease 
1018-21 Ail Govlinder 5 Ieee = BIDICIS Bovtes cate cesced. Ere Ua tree ie TERE ea iat 2 eh ey 
cepoee AN. SAILOR ae 1919-21 All Models............ 24 34xis ae 1631 eed 1)4-ton...12 ead 
y . “VOM. . pew erence x 
914-17 1915-16 3 Sax «102 © R16 I-ton:. sc cea 18 3igx 
avis 1915-20 1- 3/216 1921 KA 2-tonlssc ener 16° 4 x 
1919-21 ees eee 1021 K71, K101,334,5-ton -.16 434214 
1919-21 1916-20 4 hanes ea BERNSTEIN Tack 7 
1917-20 4igxs x 
1910-15 j 1920-21 rica 1915-16 wee 
1910-21 1920-21 river 1915-16 Aiaxig 
1910-21 1920-21 43x34 1915-17 344x14 
1910-21 192k O1-ton ae oer re 12 3%4xx5 1915-19 4N4x4 
1910-21 DODGE—Passenger 1916-19 ans 
1910-21 All IAN Neos GRP Aan nebecar 8V4x25 1917-19 eee 
1910-21 40-80 4 DORT—Passenger 1917-19 aot 
1918-19 5-10 Pint. Cultv.2-rw..12 3 xi AO VG MEL ASDo ee ctins siciacalosaee 2 3 x% 1918-19 334 x14 
1918-21 5-10Pint. Cultv.C2-rw.18 3. x15 eos IN coae Hsdtoneenaor 12 38Mxi5 1920-21 334xi5 
Se SERS oe sane yao dob 20 454xi5 AOUS01 PANS eee cada eisai 12 344x5 1920-21 Hous 
1919-21 C5... 0.2. e eee weeees 18 3 xi ELGIN—Passenger 1920-21 iar 
1920-21 Blow Cultivator.....12 3) xi 1916-18 Series E......-....+-. 183, xh Popion noe 
ma vcvevovecvrevsseee e aXe 
a Crae ee agee iaiha Sh ger ns SMxis 1920-21 334% 
BRISCOB Passenger 1913-16 64x ie 
Stil Svar ane acc ne Goode 3x4 1913-16 64xi% 1914 234xy5 
1916 438 (istiS00))repneee 8 3x4 1913-17 5 xi 1915 Dex 
(after 800)........ 8 3x05 1914-17 44x95 aa Bos 
IOIGMEUS-BSsecee si cis sser ea a- 2400 3) x 1916-18 4Vgx35 1919 Bix te 
WOUG a 24 oe iceisiaideisietniei-/-1='> 12 -3Y4xts 1916 17 4x35 1920 3 (kx ae 
eer fice SWasiaGh avai o) ciYaiatatey 12 ee a ype 1921 ae % Bax 
Sihiciare tee ieie state lelele = x 191 x 
BRISCOE—Truck 1919-20 biaxig HARTY ARRry tress s 
ROIS sen s4el-tonse eee ee 334x%6 1913-19 4x4 1916-17 Little Devil 22 8  514x% 
oa epee 1918-21 pee 1916 Crop Maker 27.......+ 5 814x% 
1914-15 All’4-cyl. Models...... 12 -3%4x3% 1917 426 Crop Maket 20-iy ae 4 Saxig 
eyes ae eae © uma avert plo GUM gE 
i 4 Bea daonmoae 
DR44, DR45, DR145 18 34x45 1915 H1 4Mexve 1916 9 Ole rere le 60 pga 
IOI GMM D GA DBS pcciil ace 8  334x% 1915-16 J-K 4 ik sa AP EAT euaee aS 
1916-17 D44, D45, D46, D47...18 34x75 1916 M14 4hgx Fe aie ota oe 19 60 ogieg arn Uanaiee 
1917-18 All4-cyl. Models. ..... 12 334xq5 1916 O-P 4VYexy IAG AL eae tI eh 8 3 Hee 
191821 All Models............ 24 © 854xa%5 1G) ABW Sie neu aeeanodod 12 43x35 hk ee Se BO. ee sissins SB bees 
CADILLAC—Passenger bl EM aii yee seavocenae 16 oixy «1824. art-Parr.....+es.e10+ 74% ve 
19V5-21 5110 59.......--..--- 24 31gx ys 1917 PU A-tON. cs vie)s\e.cleisie/s 16 B34xz HAYNES—Passenger 
: CASE—Passenger 1917 U2 -fORjiceaasseess acc 16 354 xv 24 Axl 
TOTS OLS Oa ee sharia 16 44x ue \WKERARO MN Gaeconanone 16 414 x3% 4i4xi¢ 
TEREW. UR ios ace cameapceaeees 12 334x4 Te OHO aenaewton cance 16 434xa5 3i¢xx5 
Pee Ie e aesocogae otro gue 16 44x 1918 TC 1%-ton, UC 2-ton. .12 4lexis 3lexts 
IGISMENR TS 20 hon crcie eee 12 -334x3% 1918  WOC34-ton, XC 5-ton.12; 44x75 234 x35 
‘iis ADS anatamacebon 12 3%4xs [ONS MMEERSS Stoner et-fe it 12 4hgxys 31k 
TOI CMR T Sarees cc sennecances 12 354xx5 1918 “W108 7-ton..- sees cee 12 44xq5 1918 43-44 Barly.....----.- 48  234x¥¢ 
O17 Deh ee enon eh scoeue 16 -354x7%5 1919 TD 114-ton, UD 2-ton 12 44x76 1918 43-44 Late.......+---- 24 -234xy%¢ 
1918-21 All Modela.......-... 18 34x35 1919  WC334-ton, XC 5-ton.12 434x¥5 LOTOME «Abt bes citeoco meen ear 24 B3axx 
CASE—Tractor 1919 TC85 3-ton.....+-++s- 12° 44x 1921 47-50 Barlyianrccrisatereret 18 Baxts 
y xi 1919 LTS Ton ee 2 ata By Them CUA ne cnpore ace 24 344x.1975 
Axe 1 314-ton, XE 5-ton. 4% pag 
8x3 1920 WC114 7-ton.......... Tala, © Mate ts _ HUDSON- Pesse0ee eae 
446x4 1920-21 “SD 1-ton.......++--0. 16 334x75 1914-15 3 2 2 
7 x% 1920-21 TE 1}4-ton....... Tiili2 0 4dexe hepato th 
4x5 1920-21 UB 2-ton........--.++ 12 44x35 ter a0 ay 
34x45 1920-21 UE103-ton.........+: 12 434xx5 
834x36 1921 W34-ton, XE b-ton.12 4 44xr6 , 
34x45 1920 wn WCOl5 7-tonl.\leccl- se 12 4okis 1915 
414x\4 1921 X2 5-ton, 6-ton......-- 16 434x ae 
20 54x ts FORD—Passenger 
3920-21 22-40. ee  aegeC| 5yoxs All Beane teite tole osiae 12 334x4 191-21 R1-2-3-4.. 
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DYKE’S INSTRUCTION No. 71 


SIZES AND NUMBER OF PISTON RINGS REQUIRED ON VARIOUS PASSENGER 


continued from page 834] 


HURLBURT—Truck 
Size 


Beveed Inches 


Year Model. 
NOTA eam T-tonlnihicetnisaieieeiseied O- 334 
: 20D... eee eee ees . 16 ants 
see 1x 
354x%¢ 
4lgxly 
334 xe 
334.x9% 
334x¥6 
4lgxlq 
1917-18 3yton. govouopccocgon 12 44x 
1918-19. 5- nists i 4x4 
1919 4AVx\y 
1919 46x44 
1920-21 4x4 
1920-21 AYxlg 
1920-21 44x14 
1920-21 444x@ 
A INTERN. pO N Ales seectce 
1914-15. Mogul 8-16......... ie 8 x; 
1915-21 International 15-30. f 54x 
1916-21 Titan 10-20........... 614x346 
1917-19 Mogul 10-20.......... 5 814x%6 
1917-19 International 8-16.....16 4 x4 
1920. International 8-16... ..16 44x34 
- INDIANA—Truck 
1914 B 134-ton. 05.033. e ete 16. 3%4x4 
1914 K4-ton liz 4hexig 
1914-15 F2-ton-...0..11s..0012— 4bgxig 
1915 B 1%-ton..... nop 33414 - 
1915 K 3-ton. 2.312 434x144 
1916 S I-ton.... os lG, 34x4 
1916-17 D 2-ton....., ol Algxlg 
1916 R 34-ton... aol 4x4 
1916, WB COM s\or<serores« sreisiale rs 12. 43414 
1916 Special We erarce tla wers ..18- 3 =x 
1916 Specials: deaicsciecasie's oe 24 334x4 
1917 T 1-ton.., 3. 8. 34x% 
1917 R 3}4-ton..... .12 4x4 
1917 1 5-ton Early. 12 454x4 
1917 L 5-ton Late.......... 12° 5.10x 
1918 T I-ton Barly.:..-...- 16 334xi2 
1918 WUd=tonwlatertacrnece. 16 3x: 
4x 
434x14 
434x\4 
AsGxl4 
AXA 
4Yexl4 
4gx4 
; 434xl4 ~ 
1920-21 5 x4 
1913-14 Aon 
1913-14 4x 
1914 Abex te 
1915 44x 
1915 31¢xy% 
1916 334x 
1916 2x 
1916 : ae Box 
1917-18 SR eT A os 3 xXy¥e 
LON zl SmOOU vest cvereisvelelsieatais cores 24 3 xx% 


On Models 349 and 350, all engine numbers 
with O Prefixed, are .020 oversize ° 


1939-21 cee etetcfetetoniacetst ein rarsterote 1& 34x 
RDAN—Passenger D : 
1917-18 B oS (ea aneaoaonG 18 -3)4xxe" 


3}ox is 
8 B8Y xe 
KELLY SPRINGFIELD—T ruck 


1914-18 All 144- and 21%-ton.. .12 334xl4 
1914-19 All 314, 4, 5, 6-ton..... 12 tigxig 
1920-21 11% and 24 -ton ouonabe 16 334x14 
1920-21 874) 45. 6-ton........ 16 4x 


Passenger 
j 12 


16 
KISSEL Sar 
1914 36M-14. . 16° 


1917 
2917-18. 100 Point 6. ...011/17 24 Bigx% 


CARS, TRUCKS AND TRACTORS! 


KISSEL KAR—Passenger (Cont.) — 
Rings Size 

Required Inches 

12 3544x% 


BoP Eee Nploininiets 8 3%x% 
Beier 36 2xX% 
é5a008 24 Sigxce 
GA lta taiscel antes teielsjera 18 3%exrs 
1918 Custom-Built Six...... 24 33exa% 
1921 Custom-Built Six...... 12 «3%xi%s 
’ KISSEL—Truck 
TONES CL IBY oe on ancnoeo= 16 4x 
1914 1-ton, 214-ton......... 16 44gx% 
1914 DIZ COM riete si cteteetvtelaterol= 16 44x 
1914 314-ton, 6-ton......... 16 44%xx% 
1914 3%-ton, 6-ton........- 16 AxF 
1915-16 44-ton, 34-ton......... 12 Sixes 
1915-16 1-ton. 144-ton......... 12 4Axh 
1917 1-ton, 134-ton...:...... 8 ae 
1917 2-ton, 4-ton......:.... 8 444x\4 
1918 BGECOm ace tete las inats (acelin 12 34x16 
1918 ee bonateielele «iets sven 12 Booed 
1918 2-ton, 3%-ton..:.....- 12 Algxys 
AD UO SZeton ernie) sieysyole saictor 12 3Kxs 
1919 Paton es eistenisisiale eiaieistels 12 3i%x 
1919 ‘2-ton, 3l4-ton........- 12 4Mxae 
1920 34-ton, 14g-ton.......- 12 BAX 
1920 2-ton, 314-ton........- 12 4lqx 16 
1921 1-ton, 14-ton....... 12 Bieri 
1921 214-ton, 3)4-ton....... 12 4x 


KLINE Se cess 


1914 a 
1914 a 
1914 ry 
1914 a5 
1915 Y, 
1916 
1917 
1917 
1918 
1918 
1919 
1920 
1921 
1914 
1915 
1917 
1915-16 
1916 
1917-21 
1912-16 
1913-16 
1917 
1917-21 
MACK—tTruck 
Dr = 4 x5 
1914-19 AB 1}4-ton, 2-ton:...:12 {4 x\% 
4 .x% 
1915-18 AC3 34, 5,634, 74-ton 8 {2 X74 
1919-21 AC 345, 5 64, 7i-toni6 5 x 
1920-21 AB 1}4, 2-ton......... 160664 xy 
: MAS WELL oe Taue 
1917-18 1-ton,. sak 354xay 
1918 750 Lbs ..-12 9 354x35 
1919-22 1}4-ton i. 2... cca 12 35¢x¥5 
P MAXWELL—Passenger 
AQIACURUOR SR Sree a ane ae 12 = 354x 
1916-21 (25 Mente ne Aen 12 -3d4x3% 
MARMON—Passenger 
TOT 6-21. (ALIS Orc ee 334x3; 
: MERCER—Passenger ‘ 
1O1S-14 S5Tiawe eek cee 43x14 
1914 “350. acmssecee eo aaoen 43exig 
1914 BOM sie eniacae are sbexig 
1915 22-70 Early 334x35 
1915 _ 22-70 Late.. : 334x 
1916-17) 22°72 2227 nee aes 12 334x4 
LOC PEE Lr? Ce obodaaontande ae 8 334x% 
1919-20" ANS. anuusenee teeny 334xu5 
Pr eee 
1912 ACO) ee eres 44x 
1914S PASO) ater is 4x4 
191574 a BA ons ceneecenae 18 4 x4 
1915 | ReBaShoss. «os eestor 18 3S x4 
sy. * ING seas teocane fei 4 x4 
1916),  CAZG heat cee 18 3x4 
1917-18 D40....... seemelS  (Si4xx 
195 H80ns.88. -18 339x3%6 
1919 Ober cese ail 3x 
1920-21 es AS aeees 18 34x 
102) eee 4 Onn 18 3laxis 


MOLINE: KNIGHT Pas 

1914-15 B aren 
1915-17 : 
1916-17 3 seo l2 
TR Ws uo ouudounpaudeaon 63 


Bux 


MOLINE UNIVERSAL—Tractor 
ees pe 
Year Model Beane nches 
1916-17 BiandC......... 5 6 4ixye 
1918-21 D9-180 ree oe ene /12 34x 
MOON—Passenger 
4913-15 6-50.) ewe 18 33x 
TOVS=16) 6-SOs ease nee tee eens 18 34x 
1915-16 6-40,6-44. 2... 2 .c 00a. 18 34x 
4917-18) 6-4356-45 can oleae 18 3igxw 
AOIG-19) 6-GOreee elie wie te eietersialets 18 34x 
1917 6-36 sab ae aceite 18 27 = 
1919 BAG ecg ease wn 18 314x 
1920-21 6-48-05 niece erie 18 3Miy 
1920-21 (6-60 satees eee eee oe 18 3)4x1% 
NAS H—Passenger 
1918 yg eae ee coma * 3ux% 
1918.2 6835. eee 18 3i4x% 
{918-21 681-682...-5..2 22... -s 18 34x 
1918-21 684-685.......-.... aeeis 34x 
1919-21 686-G872n2- +. <> cle slee 18 34x 
1921 41, SOWA SRAAT asisnnicicters 12 34x 
NASH—Truck 

1918-21 2018-3018 ............. 6 354x% 
1918-2E 4082 Bora -teneeieran sats 12 44x 

: NATIONAL—Passenger 
191216 6Wir Ane ene eee 24 «334xye 
iV Gi. lpn onwanhac sooo roos 18 334x 7% 
1916-17 All 6-cyl.............. 18 Blox 
1916-17 AD and AH........... 48 234x935 
1917-19 AW 12-cylis.-Gaaseeeee 48 24x 
1918-21 All 6-cyl....:......... 18 3x 

NELSON AND tEMQoN 
1911-14 33x 
1911-14 4uxie 
1911-14 4loxy 
1914-18 33, x5 
1914-18 35x 
1914-18 4igxh 
1914-18 4hoxe 
1914-18 33x % 
1918 41gx% 
1919-20 4hexy 
1919-20 alex 
1919-20 4igx & 
1919-20 434x 
1921 4x 
1921 4l4x 
1921 4boxlg 
1921 4Uxlg 

OAKLAND—Passenger 

1914 bee = -12 314x{% 


Hie WHS cn cen ize aa id 
1917218) CDI2stoneee seen bani) | Reais 
1917-18 WD-CD 3-ton....., sone aire; 
1917-18 WD-CD 4-ton......... 127 484x144 
101721 9G WiD/bcton eee een 12 434xiZ 
AoTS CDIstonse Melee 12 5.10xi4 
1017218) CDNztonseee seen 12 5.10xig 
TOL Wibaectongenaasees 12) 4 xig 
1919 W252%4-ton:........ 1200 4}4xi¢ 
1919 W3533¢-ton....... 27! 12 434x14 
1919 OGRE, cassocosss. 12 5.10x!4 
$910) 9 “CSO)S-tonc ae see eae 12 43g x44 
1919 IDUy-ton eae eee 12 43;x1¢ 
1920 So Migctonvese eens 12 434x 

1920-21 he alaterelolevcieversienets 16 4 x 
2020201) nid e-ton, se eens 12 44x34 


ee oe on next page 
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SIZES AND NUMBER OF PISTON RINGS REQUIRED ON VARIOUS PASSENGER 
CARS, TRUCKS AND TRACTORS! 
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OLD RELIABLE—Truck (Cont.) REPUBLIC—Truck STUTZ—Passenger 
i Si Rings Size Rings Sise 
Year Model een nnches Year Model Required Inches Year Model Required Inches 
le Ce a SNe aaess 1914-15 Sark 1 a > 18 ahi 
we) BU Sua D9 x% 914-2 Xie | OSG HGitestowntan cence 4 
Bear 191517 Sari ACIS RE oct 16 44x 
AN To es Soil Se! 1916-18 34x7 ISIS meee cede rs eee 18 4, 3% 
W914 65-79........... 0.5... 8 444x% 1917-18 3haxik TONGS COMM Racashig | paanant 4x6 
191580. 8 4x78 1918 S4xt 1918-21 S,G, H,K......... 12 44x34 
1915 4 x% 1919 l 34x te TEMPLAR—Passenger 
1915 3)4x fe 1916-17 AA Spec. 2-ton..... .. 12 4exl4 TOSCO 1h 41 See eeeaes 16 3% 
1916 444x% 1916-17 Series T 314-ton.... .. 12. 3%x ° TWIN CITY Tractor 
1916 3x 1916-18 9 Dispatch 34-ton...... 12 3Yx* 1911-20' TA 40-65. .....;..... 16 Tyas 
' 1916 3%xve 1916-18 9 Special 34-ton....... 12,  3)4x% 1911-20 Thx 
1016 33exxe 1917-18 Series‘12 244-ton...... 12 44x 1912-16° 6 xs 
; 1917 85-4 a 4x3 1918 9 Dispatch 34-ton...... 12 3Maxth 1913-16 43x14 
1917 = 85-6 next 2,000 cars....18 3)4xx% 1918 9 Special 34-ton....... 12 -3lgx% 1916-18 Bex 
1917 _—-85-6 first 13,500 c 12 334x14 1918-21 Series 10 1-ton........ 12 334x% 1918-21 64x34 
1917-18 12440 38x 1919-21 Series 19 214-ton...... 12 4}4x5 1918-21 Auxig 
1917-19 16 334xx%e 1920 19W 2}4-ton.......... 12 4 xh 1919-21 BOS 
1919-20 scone (12 336x¥5 119-21 20/3 ya-tonenl: een eee 12 .44x% OSH Burt 
PACKARD—Truck Pie ate pe et ee ee 1921 74x34 
1920-21816-5 4) Peer seen xy 
1913-14 2B 2-ton,.. 16 4 ix?4 TOD LUPAT. a ccoaacasscacs 12 4 x4 1914 6 x34 
1913-14 3A 3-ton. 41ax4 1920-21 4:75E Sees toes sesh ete 12 44x% TEMES) tates Goa. seater 12 6 xi% 
1913-14 5A 5-ton. 4 sg x ss 117 Pibeas. 12 4x 
915-19 1, 134, 2-ton 4 x4 SAXON—Passenger 1919-21 K Seis 4jxig 
Pee sie la eae 5 434x44 -:1916-19 All4-cylinder....... 12 284x4 21 AEERLOO BOY teactor 
ayaa ears Sx 1916-20 All G-eylinder. ure 16 02nak wa ns fe 4 ac 
Aeoer EC Uk Sion... 4x 1000 aime TOD ea een, 16 Bex EE OES ee cere as 
1920-21 ED, EY, 2-ton 44x LOD LSC Seni cc ee nee 12 «34x WESTCOT—Passenge ; 
1920-21 EF 5-ton nicodaaneAnon 5 xi 9 5 pee Oe ee i 1914-15 030,0 “12 Saw 
1 H 1 t 1915 z 
a a 354x4, 31gxk 
Sry Per emeemcbanpnne rea OF OE aE Biixe dere He Blea ae 
: 191 Bowe eeeeereeeeses Res 8 Has 1016 42-51. Baxi 
4 1OIS-16 GO48 ..eclcclecccc 18 Bx 1919-20 24x35 1919-21 Aas, B38, C38 3x 
a 1916 H6-38...... Reawekinies 18 356 tr 1921 34xx% 1919-21 As8, C48 334xr5 
HOL7EY BO-Dlien st itiajccis ces 4x s 
- teveeseeene 18) 34xa5 1 1913-14, GEB 44x 
191819 ose, Sneanbatonenes 18 3x 1913-14 ribet, 1914 GAG (GBB) Taxi GAE, een 
| 1919 Ge eeceswgsenens 18 Biexve «1818-14 aint GAGR,GAER,GAP12  3%x¥ 
: 1920-21 rr Oa Deas Ayes 113, sax 1914 GEC, GECR Ene: 12 siaxi 
20-21 6-66..... Be aia ee aoied aa 4M 
< Aad 1914-16 
remains Tee te Arig 191416 sax 
\- TOR. «sc cceee e 
Pino as Early aisvonte ig) tea 1915 434x94 1a aigxig 
918 51-18 Early 34 ; tOIAA7 
O18 51-18 Late 344-ton....- 12 riven foe HOES 1915 33431 
a - -ton.... 5 QX aA 6 Ax 
Jo1o21 g219 1)4-ton. ‘zh sib ane Cat ial 
1920-21 64-20 234-ton 4x 1916 ee 1016 Bx 
PEERLESS—Passenger 1917-18 230 1}4:ton. ' x4 ASCH 4igxi¢ 
1914 3-38 18° 4, XY 1917-18 240 2-ton... aya eis Bien 
1914 3K48 4}4x% 1917-18 270 3}4-ton. 4x4) 116 raven 
1914 3160 5 xfs 1917-18 275 314-ton.......-- 612! 4)4x!4 as rivets 
1915 5K48 4boxte AOITASAO0Ib-toneliesaeeeeuies 12 434x324 5 
Ce DD54 324 x45 1917-21 220 1-ton,....+..+--+- 12 3h4xx TOLLAs 3x 
EE55 3x 1919-20 33 1}g-ton......+-++--- 120 4 x4 foie 44x 
ue Cen Uaites bnen ee 
1919- tOD. pee eee seeeee- i s 
i, ig tel OR erated ARS 1915-20 51 2 igo sence eee 12 tax 1913 16 et 
E OBR erate aeauide ee cpa Sen j 4 
HAVIRIS TDi a a nosseonnebnee 24 46x 1919-20 76 3}4-ton.......+-+-- 12 4)4x4 tae aia 
O14 S ADV AG se cteisielolereielciciars 5 xt eg ee eae 12 4igxig 1914-15 sand 
1916-18 C4-38.........- SnAdoe 18 ; x4 1921 ABi9Z tone Paicicismenelese 12 3hexi4 awe 45qx4 
1916-18 B4-48.......0..eeens 18 core NOD MNE SL Tisctone .ceieccnisn 16 4 x He vives, 
1916-18 A4-66.....-0-00000e- # 1921 AGRO, ann BEB GARGE 16 444xi4 Hee 12 saris 
1919-20 31.....0e-eeeee 4x34 1921 G1 2Y-ton: .....+-6- 16 sana 1914-16 TH-ATH, 5-to aaa Aux 
iimeiad foes eccc. oe EES GEE VAN nectar 16 4ANS 1914-18 ATAD-TADor 25,3-ton 14 39x 
igh ge ea i O21 e018 2 OD eae: 160 457%, 1914-18 TCD or 30, 3-ton...... 12 44x 
PIERCE-ARROW—Truck 192 Tier OtON tales oea 16 4044 1914-19 ‘TEB or 15-30,34-ton..12 44x 
ri 1914-21 All 2-ton.......-..-.-- 4 xt -_ STEWART—Passenger 1014.19 TDB or 20-30,2-ton...12 4x4 
: 1914-20 All 5-ton..........-.-- 12 rhs i 1920-21 eae Aaa reiatelels tystuinielosye ae eee 1914-19 AD -TCD or 30; Lae 4x 
g 1921 W23}4-ton..........- 1 x 1920-21 Ao epogsed oars, Seb i pee ee Hee a ees 
es me aoe pa — i oe sy aNDAED oo essenees 4 igieat aoe or eae Al ‘BC or re saa 
RREMIER—Passenger ; i ; 2 ras eae 
3 1914 red CodecOU OOOO OR Iee + taesy: 10% Peo 24 un 1015 nabit RIAD, ere 2 pea 
PE 640 een aee cere Fri mls TCDR, S-ton. y+... : 
1015 | 6-50, 0-51,6-56...0... emetic 1016-21 sts KNIGHT Passenger 1015-16 GBB, fi-ton, sts. 1B Bhat 
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INSTRUCTION No. 72 


ADJUSTING AND REPAIRING CLUTCHES, TRANSMISSIONS AND 
UNIVERSAL JOINTS 


The fundamental principle and purpose of each of 
these parts, as well as their construction, are 
explained in the first section of this book. For 
instance, clutches! are explained on page 20, and 
transmissions on page 25. 


We will now deal with adjustment and repairs, 
using as examples the parts of different makes of 
cars. Some of the older types of cars will be used, 
rather than taking all of our examples from the 
very latest types, owing to the fact that repairs and 
adjustments are more commonly required on the 
older types. 


Types of Clutches 


There are three types of clutches in general use: 
the cone, the plate, and the multiple-disk types. 


The cone types of clutch are those using a straight 
cone or an inverted cone. The angle of the cone is 
usually 17°. 


The facing of a cone clutch can be leather or 
fabric. The latter is being used now, more than 
formerly. 


The plate clutch seems to be gaining steadily in 
favor. 


Of the many different designs in present-day cars, 
the following are typical: (1) steel against asbestos 
fabric; (2) steel against molded asbestos; (3) steel 
against bronze; (4) steel against cork. 


There is a strong tendency toward the dry-plate 
type of clutch, and this tendency seems to be largely 
due to the fact that the parts, frictional area, etc., 
of a dry-plate clutch can be made very much smaller 
than the parts and frictional area of a clutch running 
in oil. The oil film serves as a lubricant, which 
reduces the amount of friction and necessitates a 
very much stronger spring, or an elaborate system of 
multiple levers. 


The introduction of the molded asbestos ring, 
which has now come into commercial prominence, 
has resulted in a great refinement in clutch design. 
These molded rings or disks can be made to closer 
limits and do not require any stapling at the joint. 


CONE CLUTCHES; TROUBLES, 


The parts of a cone clutch can be enumerated as 
follows: 


1. Leather or fabric facing over the cone. 


2. Main clutch spring, which holds the tension of 
the cone to the fly wheel. 


3. Pressure or plunger studs, also called “clutch 
leather expanders,” which are mounted under 


1 See Index under ‘Specifications of leading cars’ for types 
and make of clutch used on different makes of cars. 


In some cases the ring is made flat, and in such 
cases no replacements need be made until these disks 
have worn practically all the way through. There 
are no rivet heads to consider. 


The multiple-disk clutch, which has a greater 
number of disks than the plate clutch, each disk 
requiring multiplying levers to keep an engagement, 
is found operating both dry and in oil. Its greatly 
increased frictional surfaces over the plate clutch 
necessitate a strong spring, but the disk clutch run- 
ning in oil is larger and has to have more frictional 
area than the dry disk type, for the same reasons as 
have been given in what is said of plate clutches 
above. 


How to Use the Clutch Properly 


The clutch on an automobile should be either in 
or out absolutely. 


Many good drivers make it a plan to keep their 
foot off the clutch pedal while they are driving. 
The weight of the foot on the pedal and a little 
nervous tension in the driver’s leg is sometimes just 
sufficient to hold the clutch out just far enough to 
“slip it” on a hard or sudden pull. 


Another good way to spoil a clutch is to throw it 
out in traffic until the car comes almost to a stand- 
still, and then to speed up the engine and to slip 
the autch in with the gear-shift lever still in high 
speed. 


When the car slows down with the clutch out, the 
gear lever should be slipped to second speed, and if 
the car comes to a full stop, it should be shifted to 
low speed. 


Another important point in driving is to learn to 
engage the clutch gradually, and not to “bang’’ it in 
with the engine racing. 


It is always better to run on the engine as much 
as possible, throttling it down instead of constantly 
throwing “out” the clutch, 


A well-adjusted clutch takes hold gradually, does 
not slip after it has come toa seat, and releases 
instantly when the pedal is depressed. 
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ADJUSTMENT, AND REPAIRS 


the ciutch leather at various points and allow 
gradual engagement of the frictional surfaces, 
The “grabbing” feature is eliminated by the use 
of these plungers, of which there are usually 

ae pected under the leather, as shown. ij 
ig. 


4. Clutch rollers on the shifter yoke, 
5. Ball-thrust bearings on the clutch shaft. 


6. Clutch brake, which 


prevents spinning of + 
clutch when released. . gous 
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ADJUSTING AND REPAIRING CLUTCHES 
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Clutch Spring 
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ce Fig. 1. Typical example of a cone clutch, the Chevrolet 
3 “490.” Note that expanders are placed under the clutch 
a leather so as to present slightly raised points of contact to 
eliminate ‘“‘grabbing.”’ 


If the clutch takes hold too quickly and causes the car to 
start with a jerk, it is an indication that the clutch leather 
expanders need adjusting. To do this, turn each of the 
expander nuts to the right, until they lightly touch the clips, and 
then give them a half-turn to the left. This unscrewing allows 
the expander. to act properly under the clutch leather. 


The clutch leather will in time ‘‘dry”’ out, resulting in ‘‘grab- 
bing,” or slipping. Once a month rub a little neatsfoot or 
castor oil on the leather to softenit. Should the clutch leather 
become greasy, apply a little fuller’s earth to it. Do not use 
sand or other gritty substances to make a slipping clutch hold. 


Cone-Clutch Troubles 


Cone-clutch troubles are either fierce engagement 
or grabbing, slipping, or spinning. The latter makes 
it difficult to shift the gears of the transmission. 


AND. 


RAREST 


DEFECTIVE 
THRUST BEARING- J 


BENT CLUTCH 
SHAFT 


TOO HEAVY A 
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RIOGE, PREVENTING 
‘CLUTCH SEATING. 


Various cone-clutch troubles illustrated. (Motor.) 


Fig. 2. 


Cause of Clutch Grabbing 


Clutch leather dry or hard: This can be remedied 
by applying neatsfoot or castor oil after first clean- 
; ing the leather with kerosene, using an oil gun to 

remove any mineral oil. 
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A prominent clutch manufacturer states: ‘‘We recommend 
keeping all oil off the clutch leather, and we do not use the 
common remedy, neatsfoot oil. Better results are accom- 
plished by keeping the clutch face clean, and when an occasion 
arises where the clutch grabs, clean it with kerosene, but not 
gasoline. The kerosene leaves just enough oil to keep the 
leather in good condition. 


Clutch rivets projecting, as a result of wear of the 
leather: Remedy by placing a center punch against 
the rivets and hammering until they are below the 
surface of the leather. A grating or grinding sound 
will indicate this trouble. 


Clutch lever linkages out of adjustment: The 
amount of movement between the surfaces of the 
clutch is small, and it is important that no looseness 
exists in the pedal connections. 


Excessive tension on clutch spring: If this is 
found to exist, weaken the spring tension. Exces- 
sive tension also causes undue strain on the ball- 
thrust bearings. 


Plunger studs improperly adjusted: The six 
plunger studs, also termed the clutch leather 
expander studs (Fig. 1), should be properly adjusted. 


Clutch release ring bearings may be worn, asa 
result of lack of lubrication. If run while dry, they 
are liable to seize and to prevent clutch releasing 
entirely, in which case new bearings must be fitted 
(see Fig. 9, page 841). 


Cause of Clutch Slipping 


Burned or worn clutch lining: Usually results 
from allowing the clutch to slip when starting, or 
speed changing, and from using the clutch too much, 
instead of the throttle, whilerunning. Even though 
it be worn to a certain extent neatsfoot or castor oil 
will sometimes improve its operation. Otherwise a 
new clutch leather must be fitted. 


Clutch leather oily and greasy: The cure for this is 
either to wash the oil off by spraying a pint or so of | 
kerosene, with an oil ‘gun, over the clutch leather, 
while holding the clutch out, or by wiping off with a 
cloth moistened with kerosene, and to dress the 
leather afterwards with neatsfoot oil, if necessary. 
The oil can also be absorbed by sprinkling powdered 
fuller’s earth or tale over the surface and leaving it 
standing for a while. Don’t use dirt or sand—it will 
cut the leather. 


Leather worn down: If it cannot be raised enough 
by adjustment of the plungers (clutch leather 
expanders), a new leather must be fitted. 

When the surface of the clutch and seat are new, the latter 
touch all over, but when worn, they touch on only the high 
places. If the surfaces touch in only a few places, they natur- 
ally cannot transmit the power that is possible with a good 
contact; they can be forced to transmit it by pressing them 
more firmly together, but it is better to reface the surfaces. 


Clutch-spring tension weak: Tighten the adjust- 
ment (see page 841). . If no adjustment nut is on 
spring, place a washer between the spring and its 
seat. Also examine the pressure or plunger studs. 


Clutch shift out of line: Sometimes caused by too 
great a spring tension, causing the balls to break in 
the thrust bearing and cutting the ball race, lower- 
ing the clutch shaft out of line. It may also be due 
to a bent clutch shaft or the clutch shaft being out 
of alignment. 


Ridge or shoulder worn on the clutch leather (see 
page 843 for remedy). 
Clutch Spinning 


When a clutch spins, when thrown out of engage- 
ment, it is difficult to shift gears. 
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The shift of gears by the gear-shifting lever ought to be made 
without a particle of noise if the clutch is thrown out when 
shifting. If there is noise, then it is usually due to the clutch 
not being fully thrown out, or to dragging or spinning, or to 
the transmission shaft being out of line, owing to worn bearings. 


Clutch spinning is often due to excessive friction 
in the spring-thrust bearing (see Fig. 2), though 
sometimes faulty alignment of the flywheel and 
clutch cone prevents the engaging surfaces from 
entirely clearing each other. A bent clutch shaft 
might be the cause of this. 


Sometimes the fault lies in the clutch. A heavy 
rim or cone will store up energy and continue to 
revolve when disengaged. 


When a clutch spins from lack of alignment or 
adjustment, the remedy is obvious, but if the fault 
is in the design, a clutch brake (see Fig. 2) should 
either be fitted, or the clutch rim lightened by drill- 
ing or machining away metal at or near the outer 
circumference. 


Clutch Brake 


Unless the clutch-shaft speed is reduced approxi- 
mately to the speed at which the main shaft of the 
gear shafting is revolving at the time, there will be 
a clash of gears at the time of engagement, with 
consequent damage to the face of the gears and 
annoyance to the driver. The clutch brake will 
overcome this to a considerable extent if it is 
properly fastened and proportioned. 


The purpose of the clutch brake is therefore to 
keep the clutch from spinning when thrown out. 
See Figs.2,10and11. It consists of a small spring- 
mounted fiber pad attached to the left of the frame, 
against which the clutch cone strikes when dis- 
engaged. It should be so adjusted that when the 
pedal is pressed half-way down, the cone should just 
begin to come in contact with it, so that by the 
time the pedal is all the way down, the spring on 
the clutch brake will be fully compressed. For an 
example of a clutch-brake adjustment, see page 842. 


If the car is not equipped with a clutch brake and 
it is desired to attach a clutch brake or dampener, 
to check the revolving of the cone when released, 
either cork or rubber can be fitted into a metal 
bracket which can be attached to the car frame. 


The position of the brake should be just to the 
rear of the clutch rim, against which the clutch will 
draw when the disengaging pedal withdraws the cone. 


Cone-Clutch Lubrication 


Lubrication of a cone clutch is usually at the 
rollers or clutch yoke and _ ball-thrust bearings; 
otherwise oil should be kept from the clutch leather 
as much as possible, as a leather-faced cone is sup- 
posed to run dry, but yet be kept flexible, This 
can be done by the use of neatsfoot or castor oil, 
as explained. 


If the Clutch Fails to Release 


When a cone clutch fails to release, it is usually 
termed a “frozen clutch.” This may be due to 
rusty or tight pedal connections or to loose pedal 
linkage connections; clutch yoke rollers run dry 
sometimes, from too tight a spring adjustment. 


_ The amount of movement between the surfaces of a clutch 
is small, and it is important that no looseness in the pedal 
connections or bending of the levers should exist to orevept 
gradual engagement. cs 
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When cleaning or treating a clutch with neatsfoot 
oil, it can be held out of engagement by using a prop 
placed against the clutch pedal, as shown in Fig. 3. 


The cone part of the clutch with the leather facing 
on it can then be turned by hand and neatsfoot oil 
applied, or the oil gun filled with gasoline can be 
used for cleaning, as shown in Fig. 4. 


‘USE PROP To KEEP 
CLUTCH PEDAL DOWN 


Fig. 3 


An insect-powder gun, filled with tale or powdered 
fuller’s earth can be used as a temporary remedy 
for an oily slipping clutch or brake, if necessary, as 
shown in Fig. 5. 


Cone-Clutch Adjustments 


The adjustments on a cone clutch are: 
. Clutch pedal adjustment. 
. Main clutch-spring adjustment. 
Clutch-leather expanding spring adjustment. 
Throw-out adjustment. 
Clutch-brake adjustment. 
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Clutch-Pedal Adjustment 


There are two possible causes or reasons for the 
necessity of adjusting the clutch pedal: 


1. The pedal, when in driving position, with the 
clutch in, may vibrate back and torth, owing to 
there being too much clearance between the pedal 
and toe board. 


2. The clutch may be slipping, because of the edal 


pressing against the toe board before the clutch 
1s fully engaged. 


CLUTCH PEDAL 
SHOULD NOT. 


Dr oom st mae 
KY tux ry ie 
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VIBRATE 


COTTER PIN 
Clutch-pedal arrangement of the Oakland “34-B.”" 


ADJUSTING AND REPATRING CLUTCHES 


Adjustment of clutch pedal: There are various 
methods used _to adjust the foot-clutch pedal. The 
comes (Fig. 6) is that of the Oakland model 


To remedy either condition mentioned above, 
remove the cotter pin and push the adjusting screw 
out of the hole in the pedal. Hold the wedge nut 
and turn the adjusting screw to the right or left 
until the proper adjustment is obtained, and replace 
it in the hole and put in the cotter pin. 


The clearance between pedal and toe board should 
be approximately 1/16”. 


The clutch-pedal adjustment on the multiple disk 
type of clutch, or, in fact, any type of clutch, is for 
the same purpose as mentioned above, although the 
construction may vary. For example, the clutch- 
pedal adjustment of the Cadillac type ‘57” is 
shown in Fig. 7. 


Adjustment of clutch-pedal clearance of the 
Cadillac! (type ‘‘57”’): After the car has been run for 
some time it may be found that the lacings on the 
clutch disks have become compressed or worn to 
some extent, and that consequently the clutch pedal 
strikes the stop screw before the clutch is fully en- 
gaged. When this condition exists, a readjustment 
may be made as follows: 


-CLUTCH PEDAL 


ADJUSTMENT FOR 
LENGTH OF CLUTCH PEDAL 


. ~ TOE BOARD 


SS 


Fig. 7. Clutch-pedal arrangement of the Cadillac type 
“57.” Note that the foot pedal is adjustable as to length. 


Remove the pin (N) (Fig. 7), and unscrew the 
yoke (P) which is threaded on the rod (O), so that 
when the pin (N) is replaced, the clutch pedal has a 
movement back and forth of 114’”’ without starting 
to release the clutch. Secure the pin (N) with a 
cotter pin, and tighten the lock nut (V). 


Adjustment of length of clutch and brake pedals: 
The clutch and brake pedals are each made in two 
parts, slidingly adjustable, to accommodate differ- 
ent drivers. 


Main Clutch-Spring Adjustment 


There are two or three methods of arranging the 
main clutch springs so that they will hold the clutch 
cone firmly to the inner surface of the flywheel. 


One method is as shown in Fig. 8. Note that the 
main clutch spring (S) is placed over the clutch 
shaft between the clutch spider and a collar provided 
with an adjusting nut. 


1The Cadillac does not use a cone clutch (see page 22). 
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To adjust: With a screwdriver remove the cover 
plate, loosen the clamp screw on the clutch-adjusting 
nut, and turn up the clutch-spring adjusting nut 
(just below the clutch “throw-out” fork (F), until 
there is sufficient compression. Then tighten the 
screw. Also note the clutch leather engaging the 
spring, for the purpose of expanding the clutch 
leather (explained farther on). 


Care: Keep the clutch-yoke grease tube filled, 
and be sure it does not clog. Keep the drain hole 
in the bottom of the clutch housing free, so that oil 
cannot accumulate on the clutch leather. Turn 
the grease cup down often, on the “clutch throw- 
out.” The first 50,000 Dodge cars used the clutch 
as shown above. Later cars use disk clutches of 
the dry type, described farther on. 

The first 50,000 Dodge cars used the ‘‘cone "’clutch as de- 


scribed above. Later cars use the disk clutch, dry type, con- 
sisting of 4 driving and 3 driven members. 


GEAR SHIFT 
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Fig. 8. Cone clutch and transmission used on the carly 
model Dodge cars. Note the position of the main clute 
spring (S). 
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Fig. 9. Note the position of the clutch spring. 

Another arrangement of the main clutch springs 
is shown in Fig. 9. Note the main clutch spring is 
within the clutch spider. 

Here again, the regular remedies for a slipping 
clutch caused by a worn, oily, or burned leather, 
apply. 

Adjustment: A worn leather may be made to 
hold by increasing the tension on the four large 
clutch springs within the clutch spider. In doing 
this, be careful to turn each nut to exactly the same 
extent. 
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Clutch brake: When the lining of the clutch brake 
becomes worn, thus allowing the clutch to spin after 
disengagement and make the shifting of gears diffi- 
cult, adjust by loosening the clamp bolt and turning 
the adjusting nut to the left, or counter-clockwise. 
This will compress the brake spring sooner, and 
consequently stop the clutch more quickly. 


To grease the clutch, loosen the wing nuts and 
remove the cover of the clutch housing. Give the 
grease cup on the clutch release ring a turn or two. 
Press the clutch pedal, and turn the clutch cone 
around until that grease cup appears, and give it a 
turn or two. Turn the engine over until the grease 
cup on the clutch spider appears and turn that down 
the same amount. Apply a few drops of flowing oil 
to the clutch release-yoke trunnion bearings. 


Note that the leather expander and spring for 
expanding the clutch leather are in this clutch also. 


Clutch-Leather Expanding Adjustment 


The clutch-leather expanding adjustment, called 
the “‘clutch-leather engaging spring’’ in Fig. 8, and 
the “expander spring” in Fig. 9, is for the purpose 
of preventing “grabbing.” ‘The expanders are so 
placed as to present a slightly raised point of con- 
tact of the clutch leather to the fly-wheel inner 
surface. 


If the clutch takes hold too quickly and causes 
the car to start with a jerk, it is an indication that 
the clutch-leather expanders need adjustment. 


The clutch-leather expanders usually consist of 
six small spring-mounted clutch plungers placed 
under the clutch leather, which raise it at various 
points and allow gradual engagement of the friction 
surfaces. Should these plungers become fast in 
their guides, or should anything prevent the leather 
over these plungers from first coming into contact 
with the seat in the flywheel before the entire surface 
engages, “grabbing” will result. 


They should be adjusted so that with the clutch 
in complete engagement, approximately 1/16” 
remains between the adjustment nut of the plunger 
stud and the guide to the cone, when the clutch is 
fully engaged. 


The clutch leather will in time “dry” out, result- 
ing in either “grabbing,” or slipping. It is a good 
idea occasionally to rub a little neatsfoot or castor oil 
on the leather to softenit. Should the clutch leather 
become. greasy, apply a little fuller’s earth to it. 
Do not use sand or other gritty substances to make a 
slipping clutch hold. If you do, you are simply 
inviting a large repair bill. 


Cone clutch with cork inserts: On the early 
models (1914, 1915, 1916) Moline-Knight cars, a 
cone clutch was used where the leather on the face 
of the cone had cork inserts regularly placed around 
the leather. They are backed up by an adjusting 
screw. 


Clutch Throw-Out Adjustment 


The throw-out adjustment, or the amount of lever- 
age for the distance to which the clutch is thrown 
out, is adjusted on the clutch pedal, or, on some 
clutches, at the shifter yoke collar, also termed 
the releasing ring, See Figs. 9 and 11. 


Clutch release ring bearings (Fig. 9), which, by 
pressure upon the clutch release ring, disengage the 
clutch from the flywheel, should be kept well greased 
or oiled, as the case may be. 
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Ball thrust bearings should be supplied with oil 
(see Fig, 2, page 839). 


Clutch-Brake Adjustment 


The clutch brake, as used on the Studebaker series 
“20” cars, is shown in Fig. 10. There are two arms, 
one on each side of the clutch, so arranged as to 
make the adjusting screws accessible after removing 
the floor board. The double construction equalizes 
the pressure on the clutch cone, and prevents any 
tendency for it to bind on the shaft. 


The object of a clutch brake is to facilitate gear 
shifting and eliminate clashing of gears. Its action 
is to slow down the transmission counter-shaft gears 
so that the gears while being shifted, will have the 
same speed. 


BRAKE ARM SPRING 


Fig. 10. Clutch brake as used on the Studebaker series 
“20” cars. 


Cars when shipped are so adjusted as to give the 
best results. When a car has been driven 500 miles, 
the clutch-cone facing will become slightly com- 
pressed, allowing the cone to enter the flywheel 
farther, which, together with a slight wear of the 
clutch-brake facing, will increase the gap at (A) 
(Fig. 10). It will then be necessary to screw out on 
the adjusting screw, decreasing the gap (A) to 5/16”, 
taking care to adjust both sides alike. 


Removing and Replacing a Cone Clutch 


_ Asan example, the Willys “six” ig used, as shown 
meget ie 


To remove the clutch, first remove the two cap 
screws which hold the spacer shaft (Fig. 11) to 
the clutch cone. Remove the three nute on the 
motor side of the first member of the universal joint 
and drive the studs back so that the spacer shaft, 
with the first member of the universal joint, can be 
removed. 
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Fig. 11. Cone elutch and parts Willys “six.” 
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ADJUSTING AND REPAIRING CLUTCHES 


Remove the clutch brake and the bolts holding 
the foot pedals and clutch shifter yoke, so that the 
shifter yoke and its shaft can be raised slightly. 
Next remove the nuts holding the three main clutch 
springs in place and take off the springs (Fig. 11), 
after which the clutch cone itself can be withdrawn. 


In replacing the clutch, the springs (S) can be 
compressed sufficiently to start the retaining nuts 
(N), if a pry bar (P) is held back of the clutch spider 
(R) pressing the studs out (Fig. 12). Be careful to 
get_an even tension on the main clutch springs, 


which will be reasonably assured if the retaining nuts | 


are screwed on to their respective studs (T) approxi- 
mately the same distance. Do not fail to fasten the 
cap screws holding the spacer and universal joint 
nuts with cotter pins. 


Vig. 12. Replacing clutch springs. 


In replacing the clutch brake, it should be set so 
that when the clutch is thrown out to its limit the 
edge of the cone bears firmly on the clutch brake, 
but does not compress the spring solidly. 


Fitting New Leather to Clutch Cone 


First, be sure that replacement is necessary. See 
pages 839, 840, and note the causes of trouble. 


If the leather is worn or the rivets project, then 
it will be necessary to remove the clutch in order 
either to replace the leather or to drive the rivets 
down below the surface of the leather. 


If a shoulder of about 1/16” or 1/32’’ has worn on 
the leather, a careful trimming of it off with a file or 
rasp will permit the cone to go farther into the fly- 
wheel and may be all that is necessary—together 
with cleaning the whole surface of the leather and 
removing oil or glaze, and then applying neatsfoot 
or castor-oil dressing. 


If however a new leather is necessary, then pro- 
cure it.of the dealer of the car if possible. It comes 
cemented ready to apply, and can be slipped over 
the cone and can be driven into position with a 
mallet or a piece of wood. 


When the clutch must be relined in an emergency, 
and the old lining is not available to serve as a pat- 
tern, secure a piece of first-class, unstretchable belt- 
ing, 3/16” thick, 10’’ wide, and 44” long, as shown 
in Fig, 138. 

If you must make the leather facing, then first 
remove the old leather by cutting the rivets with a 
chisel and hammer. Then procure first-class 
unstretchable leather belting (or chrome-tanned 
leather) 3/16” thick for the new leather. The 
leather should first be cut as shown in Fig. 13. 


Then place the leather over the clutch cone in 
the correct position, and draw it as tight as possible. 
The leather, if cut as shown, will lap from 3” to 4”. 
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Mark on the inner side of the lapped leather the 
end of the first turn which lies against the cone. 
Next remove the leather and measure back or toward 
the long end of the leather 54”. Measure back 
from the unmarked end of the clutch leather 3’, and 
bevel the leather off, as shown in the illustration. 
Add 3” to the corrected length of the leather, and 
bevel this end as shown. 


The leather may now be cemented, and after it is 
thoroughly dried it may be installed. Always put 
the rough or flesh side on the outside. For the 
kind of cement to use, ask a harness maker. 


Before a new clutch leather is installed, it should 
be thoroughly soaked in neatsfoot oil and stretched 
tightly over the clutch face. Before the leather is 
fastened to the clutch drum, the ‘‘clutch plungers”’ 
(or pressure studs) should be forced in below the 
surface of the clutch cone and held in this position 
by the clutch-plunger adjusting nuts, which may be 
screwed up on the stem of the plunger. 


Tn riveting the leather on to the cone, extreme care 
should be exercised to see that the rivets are properly 
clinched or turned over on the inside of the clutch 
cone, and that the heads are driven into the leather 
of the clutch face until they are well below the 
surface. Unless this is carefully done, the clutch 
will “grab” or engage suddenly, with consequent 
disastrous results. 


Fig. 13, Pattern for cutting clutch facing for a Willys ‘“‘six” 
cone clutch. When the old lining is not available to serve as a 
pattern, secure a piece of first-class, unstretchable belting, 
3/16” thick, 10” wide, and 44” long. 


To lay out the correct pattern of the facing, draw on a piece 
of heavy paper the arc of a circle, having a radius of 35 9/32”, 
and below it the are of a circle with a radius of 33 9/32’, as 
shown. ‘The exact length of the belt will be 44 3/16”, but it is 
well to make it somewhat longer, because it will be safer'to bo 
able to trim the ends later on. Put the rough or flesh side of 
the new clutch leather on the outside. 


Fig. 14. A suggested method of forcing a new clutch facing 
on a cone by drawing the cone into it by a bolt as shown, 
small amount of shellac is applied to the clutch and is allowed 
to set before the stud nut is loosened. After this, leather pegs 
are used to complete the bond between leather and clutch, 
( Motor.) 
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Fig. 15. Another method to force a one-piece clutch lining 


on a cone clutch. Insert a rat-tail file in a bit brace. Force 
the lining on as far as it will go with the file, which should be a 
coarse one, and by turning the bit brace, the file will roll the 
lining into place. 


An alternative sometimes used for older makes 
of various cars is “raybestos”’ strips, as used for 
brake lining. It is made in parallel lengths and 
riveted to the cone in six or eight sections, the edges 
being cut at a slight angle, according to the diameter 
ot the cone. 
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Note. A very important point to observe in fitting 
a new clutch leather or fabric is to have the surfaces 
absolutely clean, otherwise the clutch facing will 
be raised if there is any substance under it, and will 
thus cause the clutch to grab. 


If, after relining a cone clutch, the clutch grabs, or 
if it grabs even though not relined, this is usually due 
to high places on the facing, or the leather is dry. 


If, after treating it with neatsfoot oil, it still grabs 
and the high spots cannot be deterrrined by the 
general appearance of the leather, then try this 
method: Depress the clutch pedal and then insert 
a piece of white paper between the flywheel and the 
leather-faced portion of the clutch. Engage the 
clutch, and then depress the pedal again. When 
the paper is removed, the high spots will be plainly 
indicated on it. The leather should then be 
trimmed to the surface uniform in height. 


THE MARMON CONE CLUTCH 


The Marmon “34” cone clutch is simply an alu- 
minum wheel having a conical rim engageable with 
the corresponding surface within the flywheel. 
Depressing the clutch pedal moves this cone back 
and disconnects the engine, while a spring action 
holds the clutch in contact when the clutch is let in. 


Smooth application of power is assured by the 
five steel disks set within the flywheel, which give a 
slipping contact with gradually increasing force 
until the whole surface of the cone comes into full 
contact as the clutch is entirely engaged. 


five steel discs set within the flywheel. 


Cone 


Clutch 


¥ Universat 
Spring ; 


Joint 


Spring Retainer 


Clutch 
Release 


Flywheel 


Fig. 16. The Marmon “'34’’ cone clutch. 

No adjustment for easy engagement is necessary. 
The metal and asbestos fabric with which the cone 
is lined usually require replacement after 10,000 
to 20,000 miles of running, the life being largely 
dependent upon the class of service, 


To disassemble the clutch, remove the circles of 
bolts at the universal joint and at the clutch flanges, 
and take out the drive shaft, thus released. Then 
remove the cotter and back off the main clutch nut. 


The spring retainer can then be pulled off its key 
after inserting 3g’ cap screws in its threaded holes. 
Then the cone will slide off the pilot shaft. In 
replacing, care must be taken in fitting the spring 
retainer on its key. 


Relining clutch: The standard facing for these 
clutches is superior to leather, and to get the best 
service, renewals should be made with the same 
material. 


To install, clean off all remains of the old facing, 
lubricate the cone with graphite, and slip the new 
facing in place. It may be necessary to force it 
gently, but do not hammer the edge. Soaking the 
facing in water will aid the facing to slide on easily, 
Then put rivets firmly in place, making sure the 
heads are below the surface. This is best done by 
placing the rivet head against a punch or small 
steel bar held vertically in a vise, and riveting with 
the round head of a machinist’s hammer. 


Replacing: See that the felt washer and hub 
bushing at the front of the cone are in good condi- 
tion; then fill the hub with oil and replace, making 
sure to get all parts back just as they came out. 


Clutch release: The shaft back of the clutch has 
two flanges about which is fitted a split collar, giving 
a marine type of bearing, which should be filled 
with oil. The backward thrust to release the clutch 
is applied to this collar by a yoke linked to the 
clutch-pedal shaft. The bushings of these shafts 
and links are self-lubricating. The clutch pedal 
stop is against the floor-board. Inspection should 
be made, from time to time, of the shifting collar, to 
be sure that, from lack of lubrication, this part does 
not revolve with the shaft when the clutch is 
released. 


Note the play allowed in the splined shaft (S) for 
the movement of the clutch shaft when the clutch 
is thrown out. 


CONE-CLUTCH REPAIR—THE CHEVROLET “490° AS AN EXAMPLE 


Evidence of Trouble 


1. A heavy grinding noise when the clutch is 
released. This is usually caused by worn or 
broken balls in the clutch-thrust bearing. 

2. Actual failure of the pedal to release or move 
the clutch or to come back into position when 
pushed out. This indicates that the chitch- 
Spring retaining plug has become unsoldered and 
has unserewed from the clutch hub. 


3. Excessive slipping of the clutch, that cannot be 
cured either by application of neatsfoot oil, if 
dry, or fuller’s earth, if slippery. 


The first necessitates a complete removal of 
the clutch, together with the flywheel and clutch- 
spring tension rod; the second a removal of the 
clutch hub, and the third the removal of the hub 
and cluteh, 
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Disassembling the Clutch 


—_ 


. Remove the floorboards. 


2. Remove the wiring running from battery to 
starter. ; 

3. Remove the three bolts holding the V-brace to 
the engine base and the gearbox support, and 
remove the V-brace. 


4. Disconnect the brake rods from the pedals. 


CLUTCH SPRING 
TENSION ROD 


CLUTCH HUB 


aN SLOTTED PIR 
r COUPLING 


Fig. 17. Showing the method of compressing the clutch 
spring. The steel bar is 5/16” x 1’ x 4”. The bolt holes are 
34’ and 3’ between centers. The pipe coupling is 5” inside 
diameter; the slots are about 34’ deep. 


5. Remove the bolts holding the clutch-release 
shaft to the gearbox support, and remove the 
clutch release cross-shaft, together with pedals. 

6. Remove the bolts on the rear clutch-hub drive 
ring. 

7. Remove the four bolts holding the gearbox to 
the gearbox side-arms. (Care should be taken 
in removing the shims under the gearbox, so that 

they may be replaced in the same position.) 

8. Remove one bolt holding the left gearbox side- 
arm (on the pedal side) to the engine. (This 
permits the gearbox side-arm to spring to one 
side when removing the gearbox). 

9. Lift the gearbox up and slide it forward. It 
may then be removed from the chassis. (A jack 
should be placed beneath the propeller shaft to 
hold it in place when the gearbox has been 
removed. In some cars it is necessary to 


spring the gearbox arms apart or to force the 
gearbox out with a jack.) 


Fig. 18. Showing the method of compressing the clutch 
spring, permitting the lock pin to be removed. 

Fig. 19. Another form of clutch spring compressor, some- 
what simpler than that shown in Fig. 18. 


10. Turn the flywheel until the pinhole (Fig. 17) 
passing through the clutch hub is at the top, and 
the clutch-spring retaining pin is in line with 
the hole. 

11. Using either the compressor shown in Figs. 17, 
18, or 19, compress the clutch spring. The 
clutch-spring retaining pin will usually drop out 
when over the hole in the housing; but, if not, 
it may be driven out with a drift and hammer. 

12. Draw out the clutch spring. 


13. Remove the bolts holding the clutch hub to the 
clutch spider, and remove the clutch hub. (This 
is necessary, as the hub would otherwise inter- 
fere when removing the clutch.) 


14. Pull out the clutch. (This will take some little 
effort, as the gearbox arms squeeze on to the 
clutch and must be sprung. But it can be 
pulled out.) 

15. Remove the nuts holding the flywheel to the 
crank shaft flange and with a bar loosen the fly- 
wheel and remove it. (It is advisable to mark 
the position of the flywheel on the flange so 
that it may be replaced in the same relative 
position.) 

16. Remove the flywheel together with the clutch- 
spring tension rod, and place it on two boards 
nailed to the bench. 

17. Separate all parts and clean with gasoline and 
waste. 


Cluteh Troubles 


Clutches of this type give but little trouble if 
properly used, and the necessity for relining is only 
occasional. If slipping has been experienced and 
the leather is damp, it is usually because it has 
been soaked with mineral oil. This may be re- 
moved by cleaning the leather with gasoline, after 
which neatsfoot oil should be applied to keep the 
leather flexible. 


Grabbing: On model “490” there are six clutch 
leather expanders. These expanders are placed 
under the clutch leather and present a slightly 
raised point of contact. Their function is to pre- 
vent the clutch from grabbing. If the clutch grabs, 
the expander should be adjusted. To adjust the 
expanders, turn each of the expanding nuts in the 
same direction as the hands of a clock, or from right 
to left, until they lightly touch the clip, then give 
them a half-turn in the opposite direction. If this 
method fails, the chances are that the clutch is dry. 


Though a dry clutch will occasionally cause slip- 
ping, it more often causes ‘“‘grabbing.’”’ Unless the 
leather is burned, or worn out, it may be restored 
by roughing the surface slightly with emery paper, 
and then dressing it with neatsfoot oil. 


Another cause of a sticking clutch is protruding 
rivets, and these should again be set. beneath the 
surface of the leather. A small shoulder will also 
cause trouble, and this should be scraped or filed 
down. 


A new leather should never be fitted unless it is 
absolutely certain that the old leather cannot be 
reclaimed. 


If relining the clutch is imperative, it is best to 
obtain the new lining from the makers. If this is 
not expedient, the old lining should be carefully 
removed and used as a pattern for cutting the new 
lining. The new leather should be much thicker 
than the old lining, and of uniform thickness. The 
most essential point in fitting the new leather is to 
have it fit tight and true to the cone. 
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If the clutch has been relined it will not work 
perfectly until it has been worked in. This usually 
takes some time and during that period should 
receive frequent applications of neatsfoot oil. 


To Fit a New Leather 

. Soak the leather in water. 

2. Secure one end of the leather to the cone by one 
copper rivet (rough side out). (Never use any- 
thing but copper rivets; other metals will score 
the metal clutch facing.) 

3. With only about three-quarters of the leather 
on the cone, pin the other end to the cone by a 
rivet. (See Fig. 21.) 

4, Force the leather up into the cone. 
fit evenly and with uniform tension. 

5. Drill and countersink the rivet holes. 

6. Rivet the leather in place. Be certain that the 
rivet heads are 3/32” below the leather and well 
headed on the inner side. 

7. Allow the leather to dry slowly. It will other- 
wise shrink too much and expose the rivets. A 
coarse file may be used to remove the high spots. 


re 


It should 


Fig. 20 (upper) 
Fig. 21 (lower) 


Fig. 22 


Fig, 20. The thrust-bearing assembly is held together by 
three old valve springs, placed in the manner shown. 


Fig. 21. The new leather should be fastened at the ends, 
and then forced over the face of the clutch. 


Fig. 22. When loose, the plug in the end of the clutch hub 
should be sweated back in place, 


Clutch-Hub Repair 


Tf the solder holding the clutch-spring retaining 
plug has become loosened, permitting the plug to 
unscrew— 

1. Clean and scrape both plug and hub end 
thoroughly, 

2. Screw the plug into the hub until the upper sur- 
face is slightly below the hub. 

3. Heat the end with a torch, as shown in Pigw22) 


and run solder into the joint. 


Thrust-Bearing Repair; Assembling 
1. Examine the balls and races of this bearing, and 


if they are pitted or show the slightest indication 
of wear, the entire assembly must be replaced. 


PARTS OF THE BORG & BECK SINGLE-PLATE CLUTCH, 


This clutch is termed a “single-plate clutch” 
because a single S| disk (2) (Fig. 23) is locked to 
rotate with the flywheel by gradual pressure between 
two asbestos rings (1) and (3), thus driving the 
clutch shaft that carries power to the transmission, 


2. 


3. 


. Lift the gearbox back into the frame. 
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Place the flywheel on the bench, with gear side 
up. ; ; 

Force a ball race into the flywheel casting. This 
must go in evenly and come to a seat evenly, 
otherwise the bearing will quickly destroy itself. 


. Assemble the balls and clutch-spring tension 


rod, packing the balls in grease. 


. Slip the clamp shown in Fig. 20 over the end of 


the stud. This holds it firmly in place and per- 
mits one man to put on the retaining springs. 


. Slip three old valve springs over the end of the 


stud and pin in place, as shown. The clamp 
may now be removed, and the stud, with the 
thrust bearing, cannot fall apart in reassembling 
the clutch. 

An alternative method, and one commonly used 
in assembling the tension rod and bearings is 
to place the ball race, balls and tension rod to- 
gether before placing them in the flywheel. 
They may be held together by the three valve 
springs. 


. Lift the flywheel back into place on the engine. 


Bolt it back in the same position as before it was 
removed. Do not tighten any one bolt until all 
are drawn snug. This removes the possibility 
of having the flywheel out of true, which would 
ruin the thrust bearings. 


. Remove the pin and three old valve springs from 


the clutch-spring anchor stud. 


. Force the clutch back into position. 
. Bolt the clutch hub to the clutch spider. Draw 


all bolts up snug, before any one is tightened. 


- Put the clutch spring back in place and pack 


with grease. 


. Using the compressor shown in Figs. 18, 17, or 


19, replace the clutch-spring retaining pin. 


It will 
have to be sprung past the gearbox side-arm. 


. Replace the bolt holding the gearbox side-arm 


to the engine. 


- Replace the bolts on the rear clutch-hub drive 


ring. Bring all up snug together. 


- Replace the bolts holding the gearbox to the 


side-arms., (Make certain that the shims are 
replaced exactly in the same position from which 
they were removed.) 


. Replace the clutch release shaft with the clutch 


yoke and pedals. 


. Connect the brake rods. 
- Replace the V-brake, connecting gearbox sup- 


port with engine. 


. Refill the oil reservoir on the clutch yoke and the 


grease cups on the clutch cross-shaft. 
working parts, 


Oil all 


. Replace the wiring. Start the engine and note 


whether everything seems to be working 
properly. If there is a rattle in the clutch drive 
ring it will indicate that the gearbox is out of line. 
The shims will have to be shifted, or possibly 
removed. When perfect alignment is reached 
the rattle will cease. (Motor World.) 


SHOWING ASSEMBLY 


The pressure is brought to bear on this disk (2) 
by the positive lever action of three arms, or bell 
cranks (L) (Fig. 25A), which act as wedges, these 
wedges being forced into place by the thrust of the 
clutch spring (7). Fe 
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Action of the Various. Parts 


_ The friction disk (2) (Fig. 23), and the asbestos 
rings (1) and (3), and the clutch shaft and its shaft 
sleeve (8), the only parts not anchored to the fly- 
wheel float in the drum at rest until they are locked 
with it by the wedge action at (T) (Fig. 25) of the 
bell cranks (L) carried on the mounting ring (5). 


¥F 1 2 3 4 


Fig. 23. Parts of the Borg & Beck dry-plate clutch. 
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the clutch—just enough to moisten the asbestos 
rings. Too much oil will cause the clutch to slp 
until the oil is burned out. 


The assembled clutch is shown in Fig. 24. Note 
that the parts are applied to the hollow flywheel (F) 
(Fig. 23), first by the friction ring 1, then by 2, 3, 4, 
and so on, until the cover (9) is bolted to the outer 


5 6 7 8 9 


(F) represents the flywheel ready for the clutch parts, which are 


shown disassembled in the order in which they are to be assembled. Note that inside of the flywheel the dowel pins that carry the 


thrust ring (4) are shown projecting (see also P, Fig. 25). 


(1) Friction ring, a duplicate of No. 3. These rings take all the 
clutch wear. 

(2) Friction disk, or dry plate, keyed to the shaft by 10 splines. 

(3) Friction ring; copper reinforced woven asbestos. 

(4) Thrust ring; note the inclined face toward the center, and 
adjustment inclines. 

(5) Mounting ring; fastens to the cover with adjustment bolts; 
jt carries the bell-crank levers. 


When the clutch pedal (Fig. 25) is pressed, the 
sleeve (8) and the collar (6) are pulled back, moving 
the bell cranks (L), and consequently releasing 
wedge pressure on the thrust ring (4). When 
released, the spring thrust moves the bell cranks 
forward, exerting the pressure that locks the drive 
disk (2). 

It is to be noted that the thrust ring (4) is an 
inclined plane, thinner on the inner edge than on 
the outer. The thrust shoes on the bell cranks 
mount this inclined surface as the spring thrust is 
exerted, and gradually increase the pressure on the 
friction rings (1) and (3). This causes the friction 
disk to begin to move, at first slowly and then with 
increasing speed, until the pressure of the thrust 
ring (4) finally locks it to drive with the flywheel. 
Because it has finely polished surfaces, this slippage 
is even and ANS and the car is not jerked or 
shaken by a too rapid engagement of the clutch. 


An annular ball bearing, mounted on the sleeve 
(8) and inside of the retractor collar (6), allows the 
shaft and sleeve to come to rest with the friction 
disk when the clutch is thrown out. A similar ball- 
thrust bearing is mounted on the opposite end of 
the sleeve, me takes the thrust of the clutch spring 


as the sleeve is pulled backward under the pressure 


of the yoke of the clutch pedal. 


Lubrication: Oil for the sleeve and bearings is 
provided from the transmission through the hollow 
clutch shaft and holes bored in the sleeve itself. 
Care should be taken to see that the oil level in the 
transmission is not too high; it should come approxi- 
mately up to the center of the lower, or secondary, 


transmission shaft. 


After about every thousand miles, remove the: 
adjusting bolt and squirt a little cylinder oil into” 


(6) Retractor collar; the ends of the bell cranks engage in slots. 


(7) Spring is compressed between cover (9) and the retractor 
collar; it operates the bell-crank levers. 


(8) Sleeve carries retractor collar; note the thrust bearings. 


(9) Clutch cover bolts to the flywheel; note the adjustment 
bolts in the slots which are shown as (A) in Fig. 24. 


Note. Parts 1, 2. 3, and 8 come to rest when the clutch 
is disengaged. 


edge of the flywheel. It then appears as shown in 
Fig. 24. The drive shaft is not shown. It passes 
through the parts, beginning at 9, and ends in the 
splined disk (2). ’ 


Assembled clutch. 


Vig. 24. 


Note. The foregoing pest puoe covers the DX 10-inch- 
and GX 12-inch types of clutches now used with unit power- 
plant assembly. All other types of Borg & Beck clutches are 
operated by the same principle of engaging and disengaging 
action, but have oily the outer thrust bearing. 


To adjust: Loosen both adjustment bolts (A) (Figs. 25, 25A). 
Hold clutch out by pressing clutch edal. This permits bolts to 
slide easily in their slots. Sliding (A) bolts to the right tightens 
the clutch and at the same time increases the (B) distance, or 
the clutch-sleeve setting. Sliding (A) bolts to the left loosens 
the clutch and decreases the (B) distance. After obtaining 
the correct (B) distance, tighten the bolts. This completes 


the clutch adjustment. 

When the adjustment bolts (A) reach the right end of the 
cover slots, as a result of repeated adjustment, remove them 
arid replace them in the repeat holes which. have been exposed 
at the opposite end of the slots. 
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Should it be difficult to slide the adjustment bolts far enough 
to obtain the specified adjustment Position, it indicates that 
the pedal has been lowered from its original setting. This 
eauses the clutch to be released insufficiently. Correct this 
condition by changing the pedal adjustment so as to raise it. 
This provides additional release, and will permit the bolts to 
slide easily. 


Where a clutch brake is used, it is located at the C) position 
—that is, 44” farther from the clutch cover than the engaged 
position, as shown. In this case the pedal should be adjusted 
to cause contact against the brake facing slightly before the 
pedal pad reaches the floor-board, as shown at (X). This set- 
ting will naturally allow proper clearance under the floor-board 
when the clutch is engaged. 


Where no clutch brake is used, the pedal pad should make 
contact with the floor-board when the (C) position is reached. 
Care should be taken not to allow the pedal to release the 
clutch farther than the proper (C) position. Greater release 
will cause contact with the metal bearing cap on the forward 
end of the transmission. 
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the clutch is adjusted by the “engaged an 
Note (B) and (©): 


Pedal positions: (X) correct release position; (Y) correct 
engaged position; (Z) this Position indicates that the clutch 
requires adjustment, 


release method.’’ 


Adjustment of the Borg & Beck Clutch: 
“Engage and Release” Method 


The clutch should be properly adjusted when the 
car comes from the factory with 44” or more pedal 
clearance (PC) (Fig. 25) under the footboard and 
with the adjustment distance (B). (Fig. 25) set 
correctly for the type of clutch used. 


A table showing the proper adjustment distance 
for all cars carrying the Borg & Beck clutch is given 
on this and the following page, 
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After a new car has run several hundred miles it 
is frequently desirable to make an adjustment to 
compensate for the “wear-in” of the asbestos fric- 
tion rings (1) and (3). Thereafter adjustments are 
not necessary oftener than each 2,000 or 3,000 miles. 


Fig. 25A. Phantom view of clutch, showing the bell-crank 
levers (L) and the adjusting bolts (A). Note the hole (OS); 
this is an odd-spaced hole in the cover. The mounting ring 
(5) (Fig. 23) must be assembled so that one lever comes directly 
ere this hole when the adjusting screw (A) is in the left end 
of the slot. 


To adjust the clutch, first release it by pressing 
the clutch pedal. Loosen both slot-bolts (A), and 
move either of them to the right or “clockwise,” 
about 14’. Let in the clutch, and if the adjust- 
ment distance (B), that is, the distance from the 
clutch-cover plate to the end of the sleeve, is more 
than it should be, throw out again and tap either 
slot-bolt back counter-clockwise far enough to get 
the correct adjustment distance. 


The adjustment (A) also adjusts the foot pedal. 
When the clutch slips, it is usually due to the clutch 
pedal striking the under side of the floor-board. 
Moving the adjustment bolts to the right auto- 
matically lowers the clutch pedal, giving the neces- 
sary pedal clearance. 


When the bolts (A) reach the end of the cover 
Slots (Fig. 25A) as a result of repeated adjustments, 
screw them out of their mounting holes and set them 
back into the repeat holes exposed near the opposite 
end of the slots. 


Adjustment Distance 


Refer to Fig. 25. The adjustment distance is 
the distance from the flywheel clutch cover to the 
end of the throw-out sleeve: distance (B). A num- 
ber of manufacturers listed below have used clutches 
of two or more different types. The Borg & Beck 
nameplate on each clutch indicates the type. 


Passenger Cars Using Borg & Beck Clutch 


Clutch Distance Clutch Distance 
Type ee Re Type CO st 

Abbottcr ami qaaeee ere DA 1% 
Allen antisense fc aie DU 2 
ATGersOn cena ee D 1 
AUG CATs enn DA 1 
PANNING sobonhonhens .. D 2 
Beggs cr eyiek SAA ee, DA 2 

ero OMANI a mohtite nig ae, M 2 
‘Ben Eure eee D 2 

our-Davis DA 1k 
Cases aie tk, eaeee abate 2 
Chandlers ee enem D 1 
Cleveland nse ae M 2% 
Columbia eee D 1 

OMG 7 ey ak Pen ea D 1 
Crow Biko sense e nen M my 
‘Davisie nee ee D 1 
Detroitensmn sen eeiee D 1 

TXAG 2 cits, svegatevennsy eee eee M 3 
Economy: enna a 1 16 DX 2 15/16 
J ADLEL tire) si stelelateycle eee eae 2 5/16 
Elkhart yee pe D i wf nay: an dace 
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Clutch Distance 


Type 
DEVIL ITC Pareeu= cote tei okeanieseKesor® D 
Rramalclins ame esis ciee os. DX 
Geronimohnmate ce eee: D 
(Chee 6 'o Hote Ge aot oes DX 
18 IEW UE Glen. deme eonceene One G 
iackettence ote sve ser oat DA 
ta Wacdaysenrcmne ose ets cee DX 
IPAS ONES mek spaces «nas 5 DA 
aviness oto csicareks ee. « os D 
Jackson LAN 
MGI OR Wiehe cb die orton cs are 5 D 
CIGLGLETS, cach nok anne acne nena DX 
JONGAM Ee tatecom ake taiaa mt «as DX 
NRO OR Men etre eG oo clessus ese D 
Rassellan Oeeieists csgaclerusi as D 
1cGhbatelse Aen nc Og ete eae D 
WPexInevolle . croaiseinistes s n- DA 
Wi eréy:.% etek cites ce M 
MOuiSiaANg, eae ool Si se D 
AG Go) ee eee Seen D 
IMicHarlan oes s.occisee GS 
INEM ool vo ain a Aaonanmoon DX 
Meteor ona sors DA 
IMCs is methenct ts Ae ee acne e 
Moline-Knight:“....... DS 
NESE ZHSISCE aircuer nici cyetels onoisiish s DX 
Mitchells cee cecren ss 
IVER A Viele ei sicre acre ee ee = DA 
MOTT OL ater: Giects cee) « D 
DNivslitee. taken: atch $s csueussceichases D 
INGO LeNTE Ne, ae Slee Orie oe 6 Gx 
Noma... DX 
INDeraUE 9 oo poeobomeocuaNs 
INGA OSS 5 aeons eee DX 
GOikiaay oy ehovetn G Gots oes cree M 
Paige cst says dere xe oe DAX 
Pan-American ....-+...:-. DX 
Pahine ports sche vaca eae ss DA 
‘Patersounenia eer cis D 
IRatriotimes re cunicecieke su DA 
Piedmont. stm once < D 
IDSC meats cosaseiste cepa tote D 
Premier ecu ete int ties DAX 
oa Imeree wenevere a ers rele = + D 
Rocks Halls riche eset siete DX 
Gases. te cae 
Sayers & Scovill........ DX 
Saicarclewre sien <caicke oa D 
StepiMens pW vets yauehae =) #1 De 
Men lareer ct ons sree. « DX 
oxas metre te: siete dtie te es D 
IDE dade 3 OME KO LOG M 
PRG TNED  ne ay elcesacie age its + cals D 
Wiestcotu seme cles DX 


NWEORPNWNNNNNHEENNEPNNENNWWh 
oN XN 
> 


“ Type 


Clutch Distance 
[RY 


Commercial Cars Using Borg & Beck Clutch 


INGE Go moiceocs org Gx 
IN Casolterr es crests aero DA 
PAGING Mw cess eecnstcr oceleuen els DX 
INGEN rite, HO aU ae Oe GxX-1 
AMIS Ane ricams .i cei cane DA 
INAING: Fano o&.c cack oie eicicnan M 
(American. ..« «sien ere +> DX 
WBEESCID CL al aera era pita =i GX 
Bethlehem. asec ce. = GX 
Collier wert DA 
@olumnbiane cere aire ens DA 
(Citi. oo mugg ween bs coe D 
Commonwealth......... DA 
Wonestosa eee sinner DA 
Gorlisset soa nests et os oc DA 
Day-Elder...«:-..-.+.- DA 
Dearborniees cievsestceteenr: DX 
ID Glillis @ widen ace ate Oe D 
Double Drive.......--.- DS 
Wouglas yl ae et): D ; 
lgiWeqaells <n goo mad omoaere SGS 
eclera lpste te tiers, sels ieee i DX 
Pualtoneqae sci eee ee DX 
(EGEibes 5c nonsomome bape GxX-1 
Grantepaeti os eos GX 
Hahn ae cee cee DA 
TIarvieyis s = ails ye yen Gx 
Elaywceviee once acl Gx 
Hewitt-Ludlow........- GS 
uffmaneeee sees DA 
Rndianaeessrarie citer Gx 
IGNOMERCES ab oconeuocuadae DA 
Vek SOMe pe iteer ee a Gx 
HCW. 5 ghosoworoeieeses DA 
Kearse eee opie nike DUA. 
Wabrancewerccicniads-s- GX 
linia: cao O Oo amoododE Up GS 
Little Giant.....0-.--»-- DA 
Little Giant. .......+--: DS 
Louisiana.....--+-++.---- Gs 


Maibohm.......- Somer M 


5/16 GX-1 

nee Siar Sar, 

7/16 GX 
SGX-1 


VP RE RYE ENE NN ENNDENNNWEN RENE ERE EH EN NN NE NNED 
N SS Ne Ne N Me \ 


2 5/16 
2 5/16 
2 5/16 


2 11/16 
2 5/16 
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Clutch Distance Clutch Distance 
“ ” 


Type By Type 
Markt & Hammacher....GX 2 5/16 GS 4 7/16 
Menominee’...........-.GS 4 7/16 ayer SO Pa 
Michigan H & M. Co... .DA 1% 
Midland irnaet canto dum: Gx 275/16 
Nash @ wad tereeree cerns GX By NG) 
INGles Sse dynein ars baeuees Gaere.« Gs 4 7/16 
INO DICH ers aeetn cant tne teks GX 2 5/16 
Norwalk iicuiao esse: DX 2 15/16 
Oldveickorvawewie ee: M 3 1/16 
OnewWibeeli te rte GS ALG 
Patriot. . GX 2 11/16 
Reinier. seteah ky oan DA 1% 
ashlee ae chen eens e hora tg M 2 
Sanford): ...u-n oe seer GX 2 5/16 
Sayers & Scoville. DX 2 15/16 D 
Servicers +e GX 2) S/1G 1G, 
Stang ard seperate .GS AT AG ctesters 
Stewart...... DPX Py By i}—1) 
Texan 338) YG MNT ae Sane 
Tiffin . .GS 470/16, ssenvstosin een 
Titan. SGX 2/5/16 “aasieretstsa eaters 
Traffic. . .DA LA!  qectceceeet sane 
Durnin DD.< Dintsy alam Se ayinteoe aoe o* 
(Wnitedt ease nese .GS Ae /LGi- | some eerree nas 
U.S. Motor Truck . .GS aa (ac Mri Oo.” thse oe 
WallsOMes Seveeearonketstene DX DAV/AG) Gah. veto nearer 
Winther .SGS 4 7/16 GS pear g ails) 


To Clean the Borg & Beck Clutch 


It is sometimes desirable to clean the clutch by 
pouring about one-half pint of kerosene into it 
through the adjustment bolt hole, and allowing the 
engine to run for 15 minutes, engaging and disen- 
gaging the clutch as it runs. The surplus kerosene 
can be drained from the clutch by letting the car 
stand overnight with the front wheels higher than 
the rear. 


Pointers on Operating Clutch 


Do not slip the clutch excessively instead of 
shifting gears. Slipping it makes the clutch do all 
the work that the transmission was designed to do. 


Do not drive with the foot on the clutch pedal. 
It puts a constant pressure on the throw-out bearing 
and shortens its life. 


Keep the clutch properly adjusted. Many 
clutches run 30,000 or 40,000 miles without a single 
adjustment, and very few ever show enough wear 
to require replacement of parts. 


It is, however, to be expected that a failure of 
lubrication or haste in assembly in the car may 
cause conditions that should be remedied, and the 
following suggestions are offered to assist in locating 
any malfunction in operation that may be encoun- 
tered: 


Clutch Troubles, Cause and Remedy 
(Borg & Beck) 


Slipping is a bad condition that may ruin friction 
rings, drive disk, bearings, sleeve, in fact the whole 
clutch, if allowed to continue. 


It is usually caused by a continual pedal pressure 
on the under side of the floor-board which holds 
the clutch partially “out,” thus wearing the friction 
rings, or it may result from an excess of oil in the 
clutch. 


To remedy: Adjust the clutch by moving the two 
adjustment bolts, as described on the preceding 
page. If slipping comes from too loose an adjust- 
ment of the clutch, the same remedy will correct it. 
Tf there is too much oil, drain the clutch housing 
and wash it out with kerosene. If this does not 
relieve the trouble, the clutch disks (1) and (8) 
are worn. 
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Slipping of the clutch, followed by chattering and 
grabbing: This indicates that the asbestos friction 
rings are glazed and should be replaced, and this 
necessitates the removal of the clutch. 


Dragging, which makes gear-shifting difficult. 


Cause: Failure of the clutch to release properly, 
and so to allow the drive disk on the stem-gear shaft 
to come to rest. It may come from either of two 
principal causes: too tight an adjustment of the 
clutch, or failure of the clutch-brake action. When 
the clutch is thrown completely “out,” the flange 
nut of the clutch throw-out sleeve is brought up 
against the brake facing on the hub of the flywheel 
housing. If the brake facing is allowed to become 
covered with oil or grease, it will not stop the rota- 
tion of the’sleeve, and thus causes dragging. 


To remedy: Wash off the brake facing with a 
little gasoline. 


Grabbing or stuttering: This condition causes 
the car to jump and shake as the clutch is let in, 
and shows uneven gripping of the friction or drive 
disk by the asbestos friction rings. 


Cause: It has been found that this is nearly 
always caused by imperfect alignment of the clutch 
in installing. 


To remedy: Take the clutch down and secure 
proper alignment of the stem-gear shaft. If the 
grabbing comes from a warped drive disk, caused 
by overheating from slipping, it will be necessary to 
replace the drive disk and friction rings. 


At times, grabbing may be caused by the accumu- 
lation of dirt or foreign matter on’ the asbestos 
friction rings and drive disk. 


To remedy: Wash out the clutch by cleaning it 
with kerosene, as described on the preceding page. 
Do not fail to oil the clutch after using kerosene, 
as explained under “Lubrication” (page 24). 


Noise may develop at the three points on the 
thrust ring where it is driven by the dowel pins (P) 
(Fig. 25) in the flywheel. 


Cause: The fact that the pins were not properly 
fitted at the time of installation, and the fact that 
the backlash causes wear in the slots of the thrust 
ring. 

Toremedy: Take down the clutch and replace the 
caves pins with pins of proper fit for the thrust-ring 
slots. 


Improper lubrication will cause the retractor 
collar bearing or the throw-out bearing to become 
noisy. 


To remedy: Open up the oil holes in the stem- 
gear shaft, replacing the bearings, if worn. 


These bearings may also become noisy if the 
bearing seat on the clutch sleeve is allowed to get 
out of line, or if the stem-gear shaft is out of line. 


Cause: This sometimes results from hasty instal- 
lation or from bad alignment of the throw-out yoke. 


Toremedy: Straighten the bearings on the sleeve 
and set the clutch-pedal yoke to bear evenly on 
the throw-out bearing. 


Actual failure of the clutch to operate, or excessive 
noise when the clutch pedal is pushed out, indicating 
that the clutch spring or some of the operating mem- 
bers are worn or broken, and necessitating a removal 
of the clutch. 
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Ordinarily a washing and adjustment of the clutch 
will place all parts in good condition. _ Unless it is 
positively indicated that a removal is necessary, 
cleaning and adjustment should always take place 
before tearing the clutch down. 


To Repair Clutch Brake 


This brake is designed to stop the spinning of 
the clutch and to prevent gears clashing when shift- 
ing. To examine: 

1. Press the clutch pedal down fully. 

2. Examine the brake (see Fig. 26 showing the 
clutch-brake ring), and see whether it actually 
touchesthe collar or not. If it does not touch, 
the transmission must be removed. Note how 
far it comes from touching. 

3. Remove the gearbox. The method of doing this 
may vary somewhat in the different cases. 

4, Examine the clutch-brake friction band. If it is 

in good condition, it will not be necessary to 

install a new one, as a metal washer can be placed 
between it and the shoulder on the main drive 
pinion. This will raise it sufficiently to touch 
the brake. The thickness of this washer depends 
on the distance the clutch brake and flange were 
apart, as shown in Fig. 26. 


5. Unscrew the clutch brake (this is a left-hand 
thread) and place the metal washer between it and 
the drive pinion. It is better to reline the clutch 


brake after washers amounting to 4” have been 
installed. 


Fig. 27 


3. If the clutch brake facing is worn very thi i 
glazed, it should be ao and 2 sah es 
should be riveted on in its place. Copper rivets 
should be used, and they should be countersunk 
fey beneath the surface of the facing. (See Fig. 


co 


Providing the adjustment of the clutch is cor- - 
rect, and the friction Tings are in good working 
order, the gearbox may now be assembled. 


To Remove Clutch 


This is necessitated by worn clutch rin ; 
actual failure of the clutch to operate, oF bee 
tinued presence of oil after repeated cleanings, 


1. Punch the remounting “line-up” marks on th 
cover and flywheel, so that the cover may be 
replaced exactly as removed. If the cover should: 


> wy 


ADJUSTING AND REPAIRING CLUTCHES 851 


.be replaced wrong, or shifted in remounting, the 
clutch will not operate properly. 


Fig. 30 


Fig. 28 (upper) 
Fig. 29 (lower) 


Fig. 28. Details of a simple clutch compressor which can 
be easily constructed on the bench and used for disassembling 
and assembling a clutch. 


_ Fig. 29. The clutch brake friction ring may be riveted to 
its flange, but the friction rings of the clutch should run free 
in their working seats. 


Fig. 30. The clutch compressor in use. If an arbor press 
is at hand, it may be used in a similar manner: to hold the 
clutch in the ‘‘out’”’ position. 


2. Throw the clutch “out” and lock, by placing a 
block of wood, 3” high and 4” long (space block), 
as shown in Fig. 30, between the cover and the 
throw-out yoke. 

3. Remove the clutch-cover bolts. 

4, Draw out the clutch. 

If all working members are in good condition 
and are not worn excessively, new friction rings 
should be slipped in place and the clutch should 
be reassembled. It may however, be necessary 


completely to dismantle the clutch, in order to 
replace the spring or some worn member. 


To Disassemble Clutch 

1. Place the clutch on the compressor shown in 
Figs. 28 and 30, and tighten the stud nuts. 

. Remove the space block (Fig. 30). 

. Unscrew the retaining collar. 

. Remove the stud nuts of Fig. 30, permitting the 
clutch to come apart. 

5. Examine all parts for wear and replace all worn 

parts. 
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To Reassemble Clutch 


1. Reassemble the clutch, using the compressor 
shown in Figs. 28 and 30. 

2. Place the space block in position, and remove the 
clutch from the compressor. 

3. Place the friction ring, then the clutch plate, in 
the flywheel, followed by the other friction ring. 
Note. The two asbestos rings should be coated lightly on 


all sides with cylinder oil. See page 847 about oiling these 
clutch rings every 1,000 miles. 


4. Then put the clutch assembly in place, making 
sure that the dowel pins, or set screws, are in 
place on the inside rim of the flywheel, and that 
they fit into the slots of the driving plate. 

. Replace the clutch cover bolts, making sure that 
the cover is in the same position as when removed. 

. Replace the transmission, drive shaft, etc. 

. Check up the adjustment of the pedals and clutch 
as outlined, and see that the clutch brake is 
working all right. 

_ Grease all parts, and replace miscellaneous fit- 
tings. 


On 
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POINTERS ON ADJUSTMENT AND CARE OF A MULTIPLE-DISK CORK-INSERT 
LUBRICATED TYPE OF CLUTCH 


This clutch, as an example, is made with seven 
driving and seven driven members. | They are pro- 
vided with cork inserts and run in oil. 


New corks may be inserted in the disks by the 
use of a special tool after the corks have been soaked 
in warm water to make them pliable. They are 
trimmed off so'as to leave a projection of about 
1/32” on each side, and then they are ground to an 
even surface on the disk grinder. 


A more convenient method for the average repair- 
man is to use fine sandpaper. The disks should be 
trued by rubbing them on a flat surface which has a 
very thick coating of prussian blue or lamp black. 
The cork inserts should not project, too far over the 
disk or the clutch will drag; 1/32’ is the maximum. 

The clutch spring (S) (Fig. 31) is not adjustable; 
a new and stronger spring is installed if greater ten- 
sion isrequired. The position of the pedal will shift 
toward the floorboard after the clutch has been in 
service a short time, because the inserts, when 
brought under the pressure of the clutch spring, will 
compress slightly. 


If the pedal is not adjusted, it will cause a con- 
tinuous pressure against the clutch and eventually 
produce slipping. There should be 34’’ clearance 
between the clutch pedal and the upper side of the 
floorboard. ‘This is adjusted by loosening the lock 
nut at the end of the turnbuckle. 


The levers of the clutch pedal may be changed to 
suit the requirements of the driver, there being two 


holes in the lever on the clutch-yoke shaft for this 
purpose. Under ordinary circumstances this should 
be connected to the inside hole, but if the car is to 
be driven by a lady the outer hole may be used. 


CLEARANCE. 
AT LEAST %4” 


OIL PASSAGE TO 
THRUST BEARING 


FLOOR BOARD 


Li 


Fig. 31. Sectional view of a multiple-disk cork-insert 
lubricated type of clutch. 


4+- STARTING MOTOR GEAR 
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To remove the clutch it is first necessary to take 
off the gearbox; then the cap screws which attach 
the clutch-plate cover to the drum of the flywheel 
are removed, and the entire clutch assembly may be 
taken out. 


To reassemble the clutch it is necessary to com- 
press the clutch spring, which can be accomplished 
by using two 5/16” studs about 314" long, threaded 
fulllength. They should be inserted in two opposite 
holes in the clutch drum. Then take the driven 
clutch member and install the disks on it—a plain 
disk first and then a cork disk, and so on. 


Place the clutch plate over the hub of the driven 
clutch member and insert the spring over the front 
end of the hub of this part. The lugs on the outer 
edge of the driving disk should then be run in line. 
Next coat the gasket on the clutch plate thoroughly 


with shellac and allow it to dry until it becomes 
sticky. 

The clutch assembly may be entered into the 
clutch drum of the flywheel and the two studs, men- 
tioned above, can then be inserted in the drum and 
used to draw the clutch into position. Finally 
install the cap screws which hold the clutch-plate 
cover to the flywheel, and after removing the two 
studs tighten all of the screws firmly. 


It is sometimes necessary to remove the Main 
drive gear from the front end of the transmission 


and to use it as a guide, in order to be sure that 


the clutch is in proper alignment with the rear 
bearing in the rear end of the crankshaft which sup- 
ports the front end of this main drive gear, other- 
wise there may be difficulty in getting the transmis- 
sion into place. 


HUDSON LUBRICATED MULTIPLE-DISK CORK-INSERT CLUTCH 


The Hudson clutch is of the multiple-disk type 
with corkinserts. It is fully enclosed in the flywheel 
and runs in what is suitably termed clutch oil. The 
cork inserts become saturated with this oil, and 
maintain the velvety action so desirable, while the 
friction between the corks and steel disks is suffi- 
ciently great to prevent any tendency to slip. 


Renewing the oil and lubricating the clutch throw- 
out collar are the only attentions necessary. The 
fact that the cork inserts become saturated with oil 
makes it comparatively difficult to abuse this 
clutch, as compared with other types. However, 
its action will be affected if instructions in regard 
to the quality and quantity of lubricant are not 
strictly adhered to. 


Never put more than a half-pint of mixture in at 
one time. Always drain the clutch to remove the 
used oil before filling in any fresh oil (half kerosene 
and half good engine oil). 


Clutch oil consists of one half-pint of kerosene and 
lubricating oil mixed in equal proportions. 


Clutch adjustmentshould be inspected occasionally, 
The adjustments are shown in the wording for Fig. 32. 


Wear on the clutch parts is indicated by the 
pedal stopping farther away from the toe-board 
than usual. If the clutch is burned or abused, so 
that the corks swell up, the pedal will come back 
farther—nearer to the toe-board, 


Do not slip the clutch when driving, except when 
absolutely necessary, and then only when you know 
it has sufficient lubrication to stand it. If you feel 
that you must do 80, owing to lack of confidence in 
your ability to handle the car through congested 
traffic, remember that the lubrication of the throw- 
out collar will need more frequent attention, 


The clutch throw-out sleeve is lubricated by the 
large grease cup. Clashing of gears and hard shift- 
Ing is usually due to faulty lubrication at this point. 


Note. The usual cause of slipping of the lubri- 
cated disk type clutch is a weak clutch spring or 
clutch pedal-linkage adjustment, which prevents 
the clutch plates from engaging. If this type of 
clutch drags, it is probably due to oil being too 
thick. If it grabs it ig probably the result of lack 
of oil or improper clutch-spring adjustment. 
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Fig.32. The Hudson lubricated multiple-disk cork-insert clutch, 


THE REO MULTIPLE-DISK DRY-PLATE TYPE OF CLUTCH 


This clutch is of the multiple dry-disk type, con- 
sisting of thirteen steel plates, seven of which are 
lined on both sides with asbestos. The remaining 
six plates are of plain steel and are placed alternately 


between the lined disks. These disks are designed 
to run dry, and the application of oil, regardless of 
the kind, will tend to ruin them. Details of troubles 
and adjustments are given on next page. 
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Evidence of Trouble 


1. Slipping clutch: This is often caused by lack of 
proper clearance between the clutch opening 
fingers and the release plate. This clearance 
should never be less than 1/16” or more than 
4%" when the clutch is in. This necessitates 
an adjustment of the clutch opening fingers (see 
clutch adjustment below). 


Another cause of slipping clutch is too little 
tension on the clutch springs, contained in 
recesses in the flywheel, as shown in Fig. 35. 
The nuts on the engine end should be tightened 
enough to prevent the clutch from slipping, but 
not enough to make the pedal difficult to oper- 
ate. Never tighten the clutch-spring nuts until 
the release fingers have been adjusted to the 
proper clearance. Neither of the adjustments 
mentioned will have any effect if the lining on 
the disks is worn so thin that the clutch casing 
seats on the flywheel, as shown in Fig. 35, at (A) 
and (B). When worn thus, the clutch must be 
removed. 

Continual slipping causes the disks to get 
very hot, warping the steel disks, as shown in 
Fig. 33, and raising the rivets on the lined disks 
so that they cause the clutch to chatter, with 
the possibility of grooving the disk and giving 
them a permanent warp. 

2. Noisy clutch—particularly when released: This 
is due to a worn clutch-thrust bearing (see Fig. 
35). A removal of the clutch and replacement 
of the bearing is necessary. 

GROOVEsS WORK 

A IN DISK 
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Fig. 34 


Fig. 33. If worn, the facing should be renewed, and the 
rivets countersunk below the surface to prevent grooving the 
steel disks. The steel disks should be renewed if grooved or 
warped. 


Fig. 34. The assembly is facilitated by the use of a simple 
compressor, applied in the manner illustrated. It is cast iron, 
though a similar one could be forged from bar stock. The 
main thing is to use a compressor of some sort. 


To Remove Reo Clutch 


. Remove the floorboards. 
. Remove the starter driving chain. 
. Remove the two battery wires running to the 
starting motor. 
After removing the two bolts holding the right 
end of the starter, and the single bolt at the left 
end, remove the starting motor. 
5. Remove the short drive shaft, with its univer- 
sals, that connect the clutch and gearbox. 
6. Remove the brake rods. 
7. Remove the bolts on,the clutch cross-shaft and 
spring it up. : 
8. Remove the clutch cross-shaft. 
9. Remove the nuts that hold the clutch-spring 
bolts at the rear of the flywheel. Remove bolts. 
10. Pull the clutch out and remove it from the 
frame. 
11. Place the clutch ring assembly on the bench 
with the clutch rings up. 


Fig. 33 
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12. Remove the snap ring, and then remove all fric- 
tion rings. (Note how the rings are removed, so 
that they may again be built up in the proper 
sequence.) 

13. Clean all parts with gasoline and scrape out the 
clutch-ring recesses both on the flywheei and 
the clutch hub. 


( 
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Fig. 35 
Fig. 35. Clutch assembly. When the disks are worn out, 


surface (A) touches surface (B). 


Fig. 36. To adjust clutch-opening fingers, turn the adjust- 
ing screw on the clutch pedal until the clearance between the 
fingers and the release plate is about 1/16” when the clutch is in. 
The release plate should then spin freely. 


To Repair Reo Clutch 


If the asbestos faces of the disks are worn, they 
must be replaced. The split rivets holding them 
should be opened down below the surface, if the 
facing does not have to be renewed. 

1. To replace facing: Cut off the heads of the old 
rivets, taking care that the disks are not sprung 
out of shape. 

2. Examine each disk to see that it is not sprung or 
warped out of shape, and note whether the steel 
disks are grooved. If either is the case, the 
disks must be replaced. 

3. Using each disk as a template, drill therivet holes 
in its new facings. Countersink the facings 
slightly for the rivet heads. (The new facings 
can best be obtained from the car makers, and 
this should be done if possible.) 

4. Using solid copper rivets, rivet the new facing to 
the disk. 

5. Examine the ball and roller bearings of the 
clutch for wear and the clutch bushing for loose- 
ness. Replace with new ones, if any amount of 
wear is evident. 

6. Use little grease in assembling the bearings, as 
the clutch must be run dry. 

1. When assembling the clutch: Make certain that 
the rings are inserted in proper relation to each 
other. (An asbestos-faced disk goes in first.) 


2. Slide the clutch back into place. 


3. Using a clutch-spring compressor, as shown in 
Fig. 34, replace the nuts on the clutch-spring 
bolts. Do not tighten these nuts yet. 


Replace the clutch cross-shaft. 

Reconnect the brake rods. 

Replace the drive shaft and universals. 
Replace starting motor, wires, and driving chain. 


Fig. 36 
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To Adjust Reo Clutch 


1. Adjust the opening fingers on the clutch throw- 
out collar, so that they strike the collar together. 
This is done by loosening the clamp bolts, hold- 
ing them to the cross-shaft, and tapping them 
into alignment. If this is not done the gears 
will not shift readily. 


2. Adjust the clearance of the opening fingers. 
This is done by loosening the lock nut on the 
adjusting set screw, as shown in Fig. 36, and 
turning the screw in to decrease the clearance, 
and out to increase it. This screw should be 


turned out until the clutch release collar spins 
easily on the drive shaft when the clutch is in. 

3. Tighten the nuts on the clutch springs at the 
rear of the flywheel evenly, and until the clutch 
does not slip. These nuts should not be so 
tightened that the clutch pedal works with diffi- 
culty. 

Maintenance 

1. If the clutch starts to slip, adjust it at once. 

2. Use no oil on the interior of the clutch, except as 
placed in the two oil openings in the drive shaft. 

3. Do not drive with the foot on the clutch pedal. 
(Motor World.) 


ADJUSTMENT OF BUICK ‘SIX’? CLUTCH (1921) 


The Buick “six”? clutch is of the multiple-disk dry- 
plate type, consisting of steel plates operating 
between steel plates lined with asbestos and which 
are connected alternately to the flywheel and the 
clutch shaft. 


Adjustment: When the facing on the clutch disks 
wears, adjustment can be made by moving the lock 
nut and the adjusting on the clutch-release rod to 
allow more clearance between the clutch-release 
bearing and the plates. When adjustment is 
properly made a clearance of 1/32’’ should be 
between the ball-thrust bearing and the rear plate 
against which it operates. 

Lubrication: Neither oil nor grease should be 
put on the clutch disks. The clutch is lubricated by 
two grease cups, one located on the clutch-release 
yoke pin and one on the clutch-release bearing 
retainer, both of which should receive attention at 
least once every 500 miles. A few drops of oil 
applied to the pins on which the disks slide will 
prevent squeaking. 

Clutch and brake pedals require soft cup grease. 
Remove the floor board and give grease cups one or 
two turns. Keep filled with grease. There is one 
cup on each pedal hub. 

The clutch release fork pin requires soft cup 
grease. Remove clutch cover and give grease cup 
one or two turns. 

The clutch release bearing retainer requires soft 
cup grease. Give grease cup (outside of transmis- 
sion housing) one or two turns. 

The clutch pedal position can be adjusted by 
means of the set screw at the rear end of the clutch 
housing. 

The proper handling of the clutch pedal and accelerator so 
as to make’the motor ‘‘pick up’”’ its load quickly, and at the 


same time prevent it from “‘racing’’ when the clutch is released, 
requires practice. 


In changing gears, and especially when starting the car from 
a standstill, always let the clutch pedal come back gently. If 
the foot is suddenly removed from the pedal, it will let the clutch 
take hold with a violent jerk. 


The Studebaker “Light six” clutch is of the single- 
disk dry-plate type. 


Operation of clutch: The driven member is a 
single malleable-iron disk placed between two fric- 
tion plates. Six coil springs are used to exert pres- 
sure on the clutch toggle plate, acting upon friction 
plates and a malleable disk located between the 
toggle plate and flywheel (Fig. 38). 


The clutch is released by the toggle-lever collar 
being pulled back against the three toggle levers 
which operate the toggle plate, thereby relieving the 
pressure on the friction surfaces. 


The toggle lever should be adjusted so that, with 


the clutch pedal released, there is a slight play 
between the ends of the levers and the toggle-lever 


1615 


20 19 
Fig. 37. The Buick ‘six’ clutch. 
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(1) Fly wheel. (11) Clutch-release fork. 
(2) Crank case. (12) Clutch adjusting stud. 
(3) Flywheel driving stud. (13) Clutch-release adjust- 
(4) Clutch-driven plate. ing nut. 

(5) Clutch driving plate. (14) Grease cup. 


(6) Clutch-plate facing. (15) Clutch-release rod. 
(7) Clutch pedal. (16) Transmission case. 
(8) Clutch spring. (17) Clutch gear. 


(9) Clutch-release bearing. 
(10) Clutch-release bearing 
retainer. 


(18) Clutch-driven hub. 
(19) Graphited bushings. 
20) Crank shaft of engine. 


THE STUDEBAKER “LIGHT SIX”? CLUTCH 


collar. This play must be the same for each lever, 
so that the clutch is released equally at all points. 

To make adjustment, first loosen the lock nuts on 
the toggle-arm. adjusting screws. Then turn the 
screws to the left to increase the play between 


the toggle levers and the collar, or to the right to 
decrease it. 


Under no circumstances should the levers be tight 
against the collar when the clutch pedal is released 
as the clutch will be partially disengaged, and slip- 
ping will result. 

In the case of a new car, or after new friction disks 
have been installed, it may be necessary, after 500 to 


1,000 miles. of running, to readjust the three leve 
which may bind on the collar as a result of the Pee 
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tion disks running into a smooth surface and 
becoming. thinner. After the disks have worn 
smooth, no further adjustment will be necessary 
for some time. 


When disks become badly worn it will be neces- 
sary to replace them with new ones, which can be 
obtained from a Studebaker dealer or branch. 
These disks require no treatment before or after 
being installed. 
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Clutch brake: The braking action on the clutch 
occurs when the grease retainer nut of the clutch 
throw-out bearing is brought in contact with the 
leather-faced flange, which is a part of the flexible 
fie on spider, keyed to the clutch drive shaft 

ig. 38). 


_ There is no adjustment to the clutch brake, and 
it requires no care except that of replacing the 
leather facing when worn. 
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FLEXIBLE DISC COUPLING 
Fig. 38. Sectional view of the clutch and transmission of the Studebaker ‘‘Light six.’ 
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TRANSMISSION TROUBLES 


Transmissions used on most cars are of the selec- 
tive sliding-gear type, with three forward and one 
reverse speed, as explained on. page 28. 


Most of the transmission manufacturers now 
mount the counter-shaft on ball or roller bearings 
instead of on bronze bushings. Several are mount- 
ing the gear set separately from the engine and 
clutch which, however, are continued. as one unit. 


The usual troubles are: 
1. Stripped gears. 
2: ogres worn, permitting shaft to drop out of 

ne. 

3. Dogs or gear teeth worn. 
4, Dripping oil from the gearbox. 
5. Cracked gears, worn teeth, sprung shafts. 
6. Gear-shift rod out of adjustment. 


7. Gears will not stay in mesh. 

8. Usually the teeth of the ‘intermediate gear’’ and 
external and internal “high and intermediate 
sliding gear” (Fig. 38) wear first. 

The cause of dripping oil is either a loose gasket, 
or too much oil running out at the bearing, or a 
worn felt gasket that may be sometimes used. The 
amount of oil usually carried in a transmission is a 
quantity sufficient to reach to a center line of the 
secondary shaft (Fig. 39). The lower gears will 
splash oil to all parts. 


Other troubles: When dogs become worn (see 
part No. 1389, page 26) so that they slip out of 
engagement, they may be dressed up or squared by 
grinding. Most transmissions now use internal 
gears, as shown in Fig. 88 (“drive pinion” and “‘high 
and intermediate sliding gear’). = 
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Noise: In gearboxes where the shaft ends are 
supported by single-row ball bearings, with no pro- 
vision for end-thrust adjustment, and are noisy, 
replace the bearings. 


Considerable wear in the bearings will change 
the distance between centers of the transmission 
shaft. In such a case replace the bearings. 


Difficulty in shifting gears: There are three 
reasons for this: (1) a sticking or dragging clutch, 
caused by heavy oil; (2) the teeth of the shifting 
gears being burred; (3) considerable wear in the 
bearings, throwing the shaft out of line, which also 
causes noise. Gears should be shifted without a 
particle of noise. 


Gears do not stay in mesh: This trouble is usually 
the result of weak or broken springs in gear-shifting 
shaft, plunger or lock (see 31, page 858). Gear- 
shifting forks (26, page 858) fit into collars on the 
sliding gears, and it 1s through them that the gears 
are moved to the different positions. 


There are two types of gear-shifting shaft plungers or locks: 
(1) those placed on the top (31, page 858); (2) those placed on 
the side (Fig, 40, pg. 857). A notch is cut in the gear-shift rod 
or shaft (23, page 858) and a plunger and spring engages in the 
notch. On some transmissions a steel ball is forced into the 
notch by a spring, the purpose being to hold the gear-shift 
rod rigid so that gears will not move out of mesh after being 
shifted. The spring can be replaced if the gears fail to stay 
in mesh, 

Worn gears and loose bearings will also cause the 


‘gears to fail to stay in mesh. 


End play may be discovered by grasping the 
universal joint behind the gearset and attempting 
to move it forward or backward. If looseness is 
found, adjustment is needed. If end play is allowed 
to develop, the gears are likely to be stripped. 


To determine the cause of clashing gears: Remove 
the cover plate over the clutch and, with the rear 
wheel jacked and the car in gear, let the clutch in 
and out. If the clutch continues to spin after it has 
been thrown out, look to the clutch brake, or see if 
there is too close an adjustment, or whether heavy 
oil causes the gears to drag. 


Note. Do not allow a nut or any chips of metal 
to lodge in the transmission case. It will strip 
the gears if caught between the teeth. This also 
applies to the engine and the differential. 


Do not use waste to wipe out the interior of a 
transmission. It leaves lint. 


Remoyal and Replacement of a Transmission 


Dowel pins and shims: Dowel pins are usually 
provided on either side of the transmission to insure 
its alignment. Sometimes, however, it is necessary 
in squaring up the transmission with the engine to 


STUDEBAKER LIGHT 


Type of transmission: The transmission is of the 
selective sliding-gear type, located at an inter- 
mediate position just behind the engine (Fig. 38). 
It consists of three shafts and a series of gears. Two 
of these shafts—the main transmission spline shaft 
and the pinion shaft—are in direct line with each 
other, the end of the main transmission spline shaft 
turning in the end of the pinion shaft. The third 
shaft, operated parallel with the pinion shaft and 
the main transmission spline shaft, is called the 
counter-shaft. 


Neutral lock: The transmission is equipped with 
a neutral lock mounted in a hand-control base plate, 
and, when locked, it holds the sliding gears in neutral 
position (Fig. 40), 
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insert a thick shim on one side; consequently it.is 
important, when removing the gearbox, to notice 
whether there are any shims, and if there are, they 
must be replaced when the unit is put back. 
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Fig. 39. 
level line. 


Sectional view cf a transmission. Note the oil- 


Bearings: The secondary-shaft in this example 
(Fig. 39) is carried on two Hyatt roller bearings. 
The bearing linings are a pressed fit in the case, and 
when they show wear they may be replaced at slight 
expense. The end thrust of this shaft is carried by 
two hardened steel washers, and a slight amount of 
end play is of no consequence. 


Lubrication: The gearbox will usually hold about 
2 qts. of oil, and should not be filled above the center 
line of the secondary-shaft. There are two oil rings 
provided on the main transmission shaft, and drains 
carry the oil back to the secondary-shaft bearings. 
Additional provision to prevent the oil from washing 
out through the bearings of the main shaft is made 
by thin steel washers which cover the inside of these 
bearings. 

When replacing ball bearings in a gear-set case or on the 
shafts, care must be taken to see that the balls or races are not 
damaged from improper handling. Where the bearing is to be 
put on a shaft, the force should be applied to the inner race, 
using a piece of pipe and a hammer. If the bearing is to be 
forced into the gearset case, the driving effort should be applied 


to the outer or larger race in such a manner that no strain is 
imposed on the steel balls themselves. 


Transmission-Gear Ratios 


This subject is fully treated on pages 8, 9. 


lo See page 9 for 
examples of four-speed transmission. 


*SIX*? TRANSMISSION 


Transmission gears: The main transmission 
spline shaft carries two sliding gears of unequal 
sizes. These gears can be slid into mesh with gears 
of uneqal sizes on the counter-shaft. One of the 
sliding gears can also be moved into engagement 
with an idler gear supported by a transmission case, 
thus obtaining the changes of gear from “low” to 
“Teverse.”’ 


Gear shift: See Fig. 3, page 630. 


Lubrication of transmission: A heavy transmission oil should 
be used in the transmission. In addition, it is advisable to see 
that the transmission case is thoroughly cleaned out several 
times a season, as particles of steel from the gears, cuttings 
from the bearings, etc., all have a tendency to accumulate and, 
if not thoroughly cleaned out, will in time cause extra wear on 
the bearings. This can be done by taking out the cap screws 
on top of the transmission case cover and removing it altogether 
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Fig. 40. Studebaker Light ‘“‘six’’ transmission; rear view. 
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with the gear-shift assembly. Unscrew the plug at the bottom 
of the transmission. After the oil has been drained out, kero- 
sene or gasoline should be flushed over the gears, and the entire 
case should be washed out with kerosene or gasoline very thor- 
oughly. The plug should then be replaced; new oil should be 
put in the transmission, and the cover and gear-shift assembly 
replaced, care being exercised to see that an oil-tight joint is 
made between the transmission case and the transmission-case 
cover. 


Amount of oil carried in transmission: When the proper 
amount of oil has been added, it will stand just at the top of 
the oil-filler plug, which is located on the left-hand side of the 
transmission, 


To adjust the pinion shaft (1) (Fig. 38) for wear, 
remove the retainer clamp bolt, and turn the retainer 
nut in the front end of the transmission case in a 
counter-clockwise direction until all end play is just 
removed. 


Adjustment of the main drive shaft (2) (Fig. 38) 
is made by removing the bolts which hold the speed- 
ometer drive-gear housing to the transmission case, 
sliding the cover back far enough to give room for a 
spanner wrench. Then turn the bearing retainer 
in a clockwise direction until all end play is just 
removed. 


DODGE DRIVE SYSTEM 


To Adjust Dodge Clutch 


The Dodge clutch is of the multiple-disk, dry- 
plate type. There are 7 disks held together by a 
heavy spring (6) (Fig. A, page 858). The 4 driving 
disks (9) (covered with wire-woven asbestos) are 
supported on 6 pins (3), pressed and riveted into the 
flywheel. The 3 driven disks (8) (plain) are carried 
on 3 pins (7) riveted to the clutch spider (4), which is 
keyed on the clutch shaft (32). Flywheel pins (3) 
are located outside, or above the clutch-spider pins 
(7), so that they can turn independently of the 
clutch-spider pins when the clutch is disengaged. 


All disks are free to slide upon their supporting 
pins, and are held together by the clutch spring (6) 
when the clutch is ‘‘in.”’ 


To tighten the clutch spring: Compress it enough 
to allow the split washer (Fig. 41), which fits into 
one of three grooves cut on the clutch shaft, to be 
moved forward to the next groove. The two halves 
of this washer must fit securely into the groove so 
that the clutch-spring rear retainer fits snugly 
around it. 


Care: Keep the foot off the clutch pedal except 
when using it, otherwise the disk facings and ball- 
bearing throw-out will wear excessively. Do not 
slip the clutch unnecessarily, as this causes the 
fabric to become glazed and to slip. Keep the drain 
in the bottom of the clutch housing open. 


Lubricate the ball-bearing clutch release (12) by 
keeping the grease cup located on the toe-board to 
the right of the accelerator pedal well filled, and give 
it one complete turn every 100 miles. Make sure 
that the clutch-release grease tube (384) (Fig. A) is 
tightly connected and unobstructed. 


Removal of Clutch and Gearbox 


(1) Break the universal joint; (2) drop the emer- 
gency brake rod; (3) remove the exhaust pipe com- 
pletely; (4) block up the engine at the rear, just in 
front of the bell flywheel housing; (5) remove the 
bolts in the rear engine arms (47); (6) remove the 
bolts holding the bell housing flange (10) to the 
crank ease; (7) drop the foot-brake rod; (8) discon- 


nect the flexible grease-cup tube running from the 
floor board to the clutch throw-out; (9) slide the 
unit to the rear and lift it out. 


Disassembly of Dodge Clutch 


(1) Remove the two lockscrews in the clutch 
throw-out yoke (visible from the clutch hand-hole) : 
(2) remove the two nuts on the clutch throw-out 
yoke; (3) remove the clutch pedal (38) from its shaft 
and loosen the brake pedal (39); (4) drive out the 
clutch shaft (32) to the left; (5) lift out the clutch 
unit; (6) apply the clutch puller (Fig. 41) to the 
complete clutch disassembly; the puller consists of a 
cross-member with a bolt terminating in a hook 
perpendicularly placed at each extremity; the hooks 
engage pins on the clutch; (7) draw down on the 
puller nuts until the clutch spring is sufficiently 
compressed so that the split locking ring may be 
withdrawn; (8) remove the split locking ring; (9) 
ease up on the puller nuts, and then remove the 
auch spring; (10) clutch plates may now be taken 
apart. 


Fig. 42 


Fig. 41 


To Replace Dodge Clutch 


The facings come already cut and drilled, so it is 
merely a matter of riveting a new facing in place on 
the driving disks (9) (Fig. A). A tool especially 
designed for this purpose is shown in Fig. 42. The 
punch is made of a valve stem, hardened. In put- 
ting in the hollow rivets half of them should face one 
way and alternate ones in the opposite direction. 
This tool may also be used to rivet brake linings. 
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Clutch release fork. 
Clutch pressure plate. 
Clutch-driving disk pin. 
Clutch spider. 
Clutch-shaft front. bear- 
ing. 
Clutch spring. 
Cluteh-driven disk pin. 
Clutch-driven disk. 
Clutch-driving disk. 
Housing, bolts to crank 
case. 


. Flywheel. 
. Ball-bearing 


clutch re- 


lease. 


. Counter-shaft drive géar. 
. High-speed internal gear. 
. Counter-shaft low and 


reverse pinions. ; 

. Counter-shaft interme- 
diate gear. 

. Counter-shaft. 

. Sliding-gear shaft, or 


transmission main shaft. 


. Universal-joint, housing: 


20. 


» 


22, 


24. 
25. 
26. 
27. 
28. 
29. 


30. 
31. 
32. 
33. 
34, 


35, 
38. 
39. 
40. 
41, 


ee 
‘49 


Universal hollow shaft; 
square drive shaft (49) 
fits inside. 


. Universal joint. 


Sliding-gear 
bearing. 
Shifting shaft. 
Intermediate sliding gear. 
Shifting-shaft yoke. 
Gear-shifting fork. 
Gear-shift lever. 
Hand-brake lever. 
Low and reverse sliding 
gear. 
High-speed sliding gear. 
Shifting-shaft plunger. 
Clutch shaft. 
Clutch-shaft rear bearing. 
Clutch-release grease 
tube. : 
End of engine 
shaft. . 
Clutch pedal. 
Foot-brake pedal. 
Speedometer drive shaft. 
Hand-brake lever shaft. 


shaft rear 


crank 


18 
5O 


58. 
59. 


60. 
61. 


19 20 
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. Speedometer drive gear. 
. Transmission drain plug. 
. Clutch drain plate. 


Reverse idler pinion. 


- Reverse idler-pinion 


bracket. 


. Support arm. 


Square end of drive shaft, 
fits into (20). 


. Torque tube, fits to (19). 
. Rear-axle housing. 


Drive or propeller shaft. 


. Drive-shaft roller bear- 


ings. 
Drive pinion. 
Foot-brake operating 
shaft. 


. Adjusting-ring lock 


screws. 


Hand-brake operating 
shaft. 

Rear-axle drive shafts. 

Differential roller bear- 
ing. 

Differential bevel gear. 

Differential cross, 


62. 
63. 
64. 
66. 
67. 


69. 
(ae 
72. 
73. 
74. 


76. 
77. 
78. 
79. 


80. 
81. 
82. 


» 83. 


84, 


Lubricant level plug. 
Bevel-driven gear. 
Differential bevel pinion. 
Bearing adjusting rings. 
Drive-shaft bearing ad- 
justing rings. 
Differential carrier. 
Adjusting ring lock. 


Foot brake . operating 
shaft lever. 
Hand brake operating 


shaft lever. 

Differential bearing ad- 
justing ring lock, 

Grease retainer. 

Wheel roller bearings. 

Tire. . 

Brake toggle joint—see 
page 884. 

Rear wheel hub bolt. 

Wheel-bearing adjusting | 
nut, 

Rear-wheel flange. 

Spring. 

Brake mechanism—gsee 
also page 884, 
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Dodge Rear Axle 


This will now be considered with special reference 
to Figs. A, B, C, D, and E, on page 858. 


Noisy Rear Axle 


When there is a constant singing or humming 
noise in the rear axle, with the huraming increasing 
with speed, and the rear axle mesh seems stiff when 
the clutch is thrown out, it is usually due to the 
adjustment of the drive pinion (54) to the driven 
bevel gear (63) being meshed too tight. 


When there is noise and back-lash, which is more 
noticeable when the clutch is “thrown out,” and 
there seems to be a loose, jerky motion in the rear 
when the clutch is “thrown out,” it is probably due 
to gears (54) and (63) not meshing tight enough. 


Remedy: First see if there is oil on the teeth of the 
gears, by taking out the filler plug and placing your 
finger on the gear. Often heavy grease will not 
throw all the way round. - 


Adjustment: Ordinarily the adjustment of the 
drive pinion (54) is sufficient. If not, the driven 
bevel gear (63) must also be adjusted. 

Note: On other makes of cars having “helical” gears the 
same rules apply. 

In the later Dodge axle, only one adjusting ring is used at 
(67) Fig. C, the adjustment of propeller shaft bearings being 
made by hexagonal nuts at forward end of bearing retainer, 
it being necessary to remove the propeller shaft to make this 
adjustment. 

To Adjust Drive Pinion 

The whole drive shaft (52) (Fig. C) can be 
adjusted endwise to obtain the exact position of the 
driving pinion (54) which is rigidly attached to it, 
ip relation to the driven bevel gear (63) bolted to 
the differential. Two adjusting rings (67), fitted 
against the two Timken bearings (53), can be 
screwed forward or backward to obtain the proper 
position of the bevel driving pinion (54). These 
rings can be reached by removing the ring lock (71) 
(Fig. D). All that need be done is to back off one 
adjusting ring (67) (Fig. C), and screw the other one 
ahead, in whichever direction it is desired to move 
the bevel driving pinion (54). Be sure that each 
is holding its bearing rigidly before replacing lock 
(71). 

Adjustment of Bevel-Driven Gear 

To test if the bevel gear (63) is running quiet, 
jack up the rear axle and run the engine, with the 
gears in direct drive, about 20 m.p.h., as indicated 
by the speedometer. 

After adjusting the bevel driving pinion (54) as 
explained above, and if it is still noisy, remove the 
rear-axle cover plate and the two adjusting ring-lock 
screws (56), and readjust the bevel driven gear (63) 
to the new position of the pinion. 

The large bevel driven gear (63) can be moved 
either to the right or to the left in order to insure 
its quiet engagement with the driving pinion (54), 
by operating the two bearing adjusting rings (66) 
(Fig. C) in a manner similar to those used in adjust- 
ing the drive pinion. After adjusting, they are 
locked in place by the adjusting-ring lock screws 
(56) (Figs. C and D). 


Removyal of Rear-Axle Shafts 


The rear axle is of the seven-eighths floating 
type,! permitting the removal of the drive shaft (58) 
(Figs. C and E) without jacking up the car. 

To remove rear axle shafts! (58) and flanges (82), 
simply unscrew the nuts on bolts (80), which hold 
the flanges to the hub of the wheel and remove them 
together with the axle shafts. If one axle shaft 
should stick, remove one on the opposite side, and 
drive or push the other one out with a long rod. 

Lubrication of the rear axle: Use 5 pints,? if 
empty, of gear lubricant, or enough to fill the rear 
axle up to the level of the lower plug (62) (Figs. C 
and D). If grease leaks out from the rear wheels, 
the housing is too full. 


To Disassemble Differential 


(1) Remove axle shafts (58); (2) remove the 
inspection plate; (3) take the caps off the bearings 
and lift them out; (4) remove the cotter pins and 
nuts on the 4 studs which hold the differential unit 


together, and disassemble. 
- Pp << 
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Fig. 43 (upper) Fig. 45 (upper) 
Fig. 44 (ower) Fig. 46 (lower) 
Tig. 43. Puller for front of universal joint. 


Fig. 44. To remove the drive pinion (54), a plate is bolted 
to the 4 studs and pressure is applied to the shaft by the screw. 


Fig. 45. To remove the front bearing, adjust collar (C) and 
turn to the left with a screwdriver. A special wrench for this 
purpose can-be made of a piece of pipe (P). 


Fig. 46. The drag link cap is filed to give adjustment. 


Dodge Transmission 

The Dodge transmission (page 858) main sliding- 
gear shaft is mounted on ball bearings at either end, 
and looseness means replacement of the bearings. 
The counter-shaft is mounted on bronze bearings. 
If the gearset is kept properly lubricated with clean 
oil, none of these bearings should need replacement 
in a good many thousand miles of driving. Not 
more than 2 quarts of gearset lubricant should be 
used in the case. The level should be inspected 
every 1,000 miles and, if it has fallen so low that the 
gears on the main shaft do not dip well into the 
lubricant, the supply should be replenished so that 
they do. The level should be kept 144” below the 
main sliding-gear shaft. 


REMOVING, DISASSEMBLING, AND ASSEMBLING TRANSMISSION (MITCHELL ‘‘F’’) 


Removing the transmission from the car: Remove 
the two bottom floor boards and lift out the front- 
seat cushion as well as the stool on which it rests. 


This will completely expose the transmission. 


Disconnect the rear universal-joint member and, 
placing a jack under the transmission, raise it just 
enough to take the load off the transmission hanger 
links. Remove the two large hanger link nuts on 
top of the frame cross-member. 


The transmission, still connected to the torsion 
tube, can be lowered to the ground by lowering and 
then removing the jack. ‘Take out the 8 cap screws 
holding the transmission to the torsion tube; the 


1 Semi-floating type now used. ‘To remove rear-axle shafts, 
first remove rear wheels. : 


24 pints in semi-floating type. 
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transmission can then be taken out from under 
the car. 

Disassembling the transmission: With the trans- 
mission out of the car, remove the cover and clean 
out the lubricant. Removing the drain plug at the 
bottom of the transmission case will aid in this 
operation. 

MAIN SHAFT- 


GEAR SHIFTER FORK SPEEDOMETER 
R 
COVER DRIVE GEA 


REVERSE IDLER 


LOW AND REVERSE 
SLIDING GEAR 
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SLIDING GEAR 
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GEAR AND SPINDLE 


TRANSMISSION 
HANGER YOKE 


REAR UNIVERSAL 
COUPLING 


PACKING NUT 


COUNTERSHAFT 
BEARING CAP 


COUNTERSHAFT 
ay, 


COUNTERSHAS T 
ADJUSTING SCREW 


LOW SPEED GEAR 


COUNTERSHAFT “ 
DRIVE GEAR 


CASE 
OIL DRAIN PLUG 


SECOND SPEED GEAR 


Fig. 47. Mitchell model ‘‘F’’ transmission used as an 
example. 


Drive out the rear main-shaft ball bearing when 
the splined main shaft can be removed through 
the rear opening. In doing this the sliding gears 
will come off the main shaft and can be lifted out 
through the cover opening. 


Care should be taken not to let the sliding gears 
drop as they come off the main shaft, since they 
may fall on the counter-shaft gears and get chipped. 
The small roller bearing supporting the front end 
of the splined shaft in the gear and spindle and the 
grease retainer may come out with the shaft, or may 
stay in the gear and spindle. Watch for them to 
see that they do not fall into the bottom of the 
transmission case and become misplaced. 


Remove the pins holding the gear-shifter forks 
on their rods, and the rods can then be pulled out 
through the front of the case and the forks removed 
through the cover. In removing the rods it will be 
necessary to pull them out against the action of 
the spring locks which prevent the gears from com- 
ing out of mesh. 


_ Remove the nut holding the universal-joint coup- 
ling to the front end of the gear and spindle and 
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remove the coupling. Remove the lock holding 
the front-bearing packing nut and unscrew this nut. 


Loosen the lock screws holding the large main 
gear and spindle double-row ball-bearing in place, 
and the gear and spindle complete with its bearings 
can then be removed by forcing it into the case 
and lifting it out through the cover opening. 


Remove the front and rear counter-shaft bearing 
caps by taking out the cap screws which hold them 
in place. The counter-shaft roller bearings should 
be removed with the caps. The counter-shaft can 
then be moved back, tilted, and taken out of the 
case through the cover opening. 


The gears can be removed from the counter-shaft 
only by the use of an arbor press. They should not 
be removed unless it is necessary to replace them. 


The reverse idler gear can be removed by taking 
out the cotter pin in the end of the spindle and 
forcing the spindle into the case which removes the 
gear from it, when the gear and spindle may both 
be lifted out through the cover opening. 

Assembling: When replacing the gear and spindle 
in the transmission case, do not set up the main- 
bearing lock screws tight enough to bind the bearing. 
They should be set up just tight enough to keep the 
bearmg from turning in the case. 

When reassembling the transmission and torsion 
tube, be sure that the speedometer drive gear on 
the transmission main shaft meshes with the small 
pinion in the front end of the torsion tube. 


Adjusting the transmission: The only adjust- 
ment on the transmission consists of the two screws 
(1 and 2) (Fig. 47) located in the centers of the 
counter-shaft bearing caps. In reassembling the 
transmission, the counter-shaft should be so located 
in the case that the main counter-shaft drive gear is 
in full mesh with the large external gear on the gear 
and spindle. The adjusting screw should then be 
set up so that there is no end play on the counter- 
shaft, but allowing the counter-shaft to rotate freely 
without cramping or jamming. 

The tension on the gear-shifting lever can be 
varied, and any tendency to rattle can be lessened 
by adjusting the splined nut found where the lever 
enters the floor boards. Remove the lock and un- 
screw this nut to decrease tension, or screw it down 
to increase tension and remove rattle. The ideal 
adjustment ‘is such that there is little or no rattle 
and the lever does not bind or cramp in shifting gears. 


Lubricating the transmission: The transmission is 
lubricated by filling it to a little above the center 
line of the counter-shaft with a high-grade semi-fluid - 
lubricant of about the consistency of 600-W steam- 
engine oil. It will take about 2 quarts of oil to fill 
the transmission case to this point. 


UNIVERSAL JOINTS 


There are two types of universal joints in general 
use: the mechanical angular type, shown in Figs. 48 
and 49 and the flexible-coupling or fabric type 
shown in Fig. 50. : 


The Spicer Universal Joint 


A very popular type of universal joint is the 
Spicer, shown in Figs. 48 and 49. This universal 
joint can be used with an angular-drive or straight- 
ine drive system, as explained on page 24. 


The forward universal joint is provided with a 
dust cap (D) and a felt washer (W) on the rear end 
of the sleeve into which the end of the drive or pro- 


SLIP JOINT WITH lo 
SPLINES WHICH SLIPS 
BACK ANDFORTH WITH UP 
AND DOWN MOTION OF CAR 


FORWARD JOINT 
2 


PROPELLER OR 


DRIVE SHAFT SOT RG 
: TI mee oA PE N Be 
INI Zz 


TRANSMISSION DRI 
peaks: SHAR FITS TN RENE 
SHOWING THE IO'SPLINES  SOARE Fit 


Vig. 48. Spicer universal joint showing the forw: 

E 1 ard 
splined end of the drive shaft in place. The right end of this 
forward joint is connected to the transmission shaft, 


ADJUSTING AND REPAIRING UNIVERSAL JOINTS 


peller-shaft slides. This cap should be turned to 
the right occasionally in order to keep the felt washer 
tight and prevent the leakage of grease. Both joints 
have flax packing (P) between the two parts of the 
pressed-steel casings. . 


This packing can be tightened by loosening the 
casing-adjusting screw (S) and turning the casing- 
adjusting nut or ring in a right-handed direction. 


If the packing in the front universal joint is 
allowed to leak grease, the joint will not only suffer 
from lack of lubrication, but the grease will be 
thrown up on to the emergency brake, rendering 
the brake inoperative. 


BEVEL ORIVE 
PINION SHAFT 


® 


PaGanG(P) 


N Op 


Fig. 49. This is the rear universal joint which is connected 
to the rear end of the drive shaft at the right end of the joint, 
and to the bevel-pinion drive shaft at the left end. Note that 
the splines are not used in this rear joint. 


Lubrication: Every 1,000 miles remove the grease- 
hole plugs and fill with heavy gear oil or light cup 
grease. Too much grease will work out; about 
one-third full is the correct quantity. 


Note. An “O”’ will be found on upper end of the 
propeller shaft tube (Fig. 48); a corresponding ‘‘O”’ 
will be found on the shank or rear end of the for- 
ward universal joint. When the propeller shaft and 
the universal joint are assembled, these two ‘O’s” 
must be in line (as shown in Fig. 48), that is, the 
yoke (Y) and journal (X) of the forward universal 
joint must be parallel to corresponding yoke and 
journal of the rear universal joint (Fig. 49), other- 
wise the rear transmission bearing will be subjected 
to undue strain and excessive wear, and a jerky 
motion will be given to rear wheels. 


Assembling: When the universal joints have been 
disassembled and are assembled again, care should 
be taken to see that the holes in the flange and the 
inside casings are matched up in such a way as to 
bring the oil hole (which is closed by a threaded plug) 
opposite an open space in the joint, and not oppo- 
site one of the lugs, which would prevent the intro- 
duction of grease through the hole. By removing 
this plug the user of the car can at any time inject 
additional oil or grease by the use of an ordinary 
grease gun, if the holes are matched. 


Many of the joints are now fitted with a spring of 
suitable strength to give just the right pressure on 
the packing between the inner and outer casings. 
These require no attention from the operator. (Ad- 
dress of mnf’r.: Spicer Mfg. Co., South Plainfield, 
N.J.) 

The Fabric Flexible Universal Joint 


A type of flexible joint, connection, or coupling, 
as it could be termed, is shown in Fig. (10), Movie! 
joint is generally used with drive shafts of the 
straight line drive, or what is nearly so, as explained 
on page 24, What angular movement there may 
he is the result of the flexibility of the flexible disks. 
These joints can be used with angular-drive systems 
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(see page 24) where there is not too great an 
ee movement. 


On each end of the driving, or propeller shaft, 
spiders (S) and (S1) are securely attached. An- 
other spider (S2) is attached to the transmission 
shaft at the forward or driving end, and still 
another (S3) at the rear end which is attached to 
the drive pinion shaft. 


FLEXIBLE DISKS 


PROPELLER SHAFT 
TUBE 


DRIVING SPIDER 


CORRUGATED WASHERS 


Vig. 50. The Thermoid-Hardy flexible connection, or joints 
that are used at each end of the propeller or drive shaft, instead 
of universal joints. 


_ Three flexible disks, made of thermoid composi- 
tion, are placed between the spiders and held 
securely by means of bolts and corrugated washers. 


Note that with the use of these joints a splined 
shaft, as shown in Fig. 48 is not necessary. 


By removing a few bolts the shaft may be re- 
moved. 


Make sure that all bolts are kept tight, otherwise 
the holes in the fabric may tear out. New disks 
can be obtained at supply houses. Lubrication is 
not necessary. 


The popularity of the fabric universal joint (Fig. 
50) is to a large extent attributable to the poor 
lubrication methods used on many of the form-metal 
universal joints. 


The lubrication systems, in some cases, were 
designed correctly enough, but, when assembled in 
the car, they were not within observation of the 
owner or driver and consequently received but 
scant attention. This could result in only one 
thing, and that was rapid wear with its accompany- 
ing knocks and lost motion. Some of the molded 
universal joints have been very much improved 
in this respect, and the Lincoln, for instance, makes 
provision for lubricating the front universal from the 
front gear case. 


Disconnecting a Universal Joint and Clutch 
Mitchell Model ‘‘F”’ as an Example 


Purpose of universal joint: Owing to the fact that 
the transmission is rigidly fastened to the front end 
of the torque tube and swings with it, there exists a 
certain amount of disalignment between the trans- 
mission and the clutch. For that reason a rigid 
drive or connection cannot be used, and a universal 
joint is employed. By means of hardened steel 
blocks sliding in hardened steel jaws the universal 
joint is given a flexible action which takes care of 
disalignment. See Fig. 51. 


Removing the clutch and universal joint from the 
car: Disconnect the front universal joint member 
by compressing the grease retaining collar spring, 
taking out the half-shells and sliding back the cuff 
or housing. Slide the spring, rear grease-retaining 
collar, and cuff forward on the universal-joint shaft, 
and remove the whole universal-joint assembly. 


Disconnect the clutch pull-rods by removing the 
clevis pins. Place two wood blocks 13%’ thick 
between the clutch cover and the ends of the clutch 
pull-rods, thus relieving the cover of soup , pres- 
sure when the 12 capscrews holding the drive in 
the three anchor pins, and the rings can then be 
readily removed. 
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Remove the nut holding the clutch hub on the 
erank shaft, when the whole clutch assembly can 
be slipped off the end of the crank shaft, the friction 
rings and disk remaining in the flywheel. To re- 
move the friction disks, as when renewing them, 
drive in the three anchor pins, and the rings can 
taen be readily removed. 
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-Fig. 51. Mitchell universal joint and clutch. 


Disassembling the clutch: With the clutch 
removed from the car, exert pressure on the retrac- 
tor collar and, removing the locking wire and blocks 
from the flange nut, unscrew this nut (left-hand 
thread), and the whole clutch can be disassembled 
as the pressure on the collar is released. 


Adjusting the clutch: To adjust the clutch, loosen 
the two adjusting screws in the slotted holes in the 
clutch cover. Depress the clutch pedal, and push 
these screws 14” to 14” in a clockwise direction to 
overcome slipping, and counter-clockwise to over- 
come dragging. Release the clutch pedal and 
tighten the adjusting screws. 


When the screws have ‘reached the end of their 
slots, a new pair of threaded holes will have entered 
the beginning of the slots. Transfer the screws to 
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the new holes, and continue to adjust as occasion, 
requires. When these holes, too, have reached 
the end of the slots, all possible adjustment will 
have been taken up and new friction rings should be 


put in the clutch. 


After the clutch has been properly adjusted, it 
would be well to see that the clutch pedal does not 
strike the under side of the floor board, as this will 
cause the clutch to slip. If such is the case, it can 
be corrected by adjusting the clutch pull-rods until 
the clutch pedal operates freely through the floor 
board. (See also Index for Borg & Beck clutch.) 


Lubricating the clutch and universal joint: The 
grease cup on the clutch pull-out yoke should be 
filled and turned down completely once a week, or 
every 500 miles, 


Cup grease should be packed into the front and 
rear universal-joint housings through the plugs in 
the half-shells. This can be conveniently done 
with a grease gun, and should be done every 1,000 
miles. 


Remoying Universal Joint Chevrolet ‘°490”’ 
as an Example 


For another example of removing a universal joint 
the Chevrolet 490 is shown as illustrated below. 
Note the procedure as explained under the illustra- 
tion. 
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Fig. 52. The Chevrolet ‘‘490” metal universal joint. To 
remove, first remove the axle from under the car, take out the 
five cap screws holding the joint ball-retainer collar, and pull 
the ball joint from the socket. Remove the four clamp screws 
holding the two universal-joint rings together, and separate the 
rings. , The nut holding the universal-joint yoke to the trans- 
Sees shaft can then be removed and the yoke pulled off the 
shaft. 
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Figs. 53, 54, Names of parts of a rear axle pi 
housing). See also page 875, au Sie ae 


DIFFERENTIAL CARRIER 


DIFL.BEARING AND 
BEARING ADJUSTER 


HOUSING COVER 
OPENING 


ADJUSTER 


: DIFFERENTIAL RING GEAR 
<> DIFFERENTIAL CASE 
4 aloes, DIF'L.BEARING 


ADJUSTER 
REAR AXLE LOcK 
SHAFT SPLINED LOCK WIRE 


TO DIF'L.CASE 
DIFFERENTIAL CASE 


Fig. 55. One-piece rear axle housing showing differential 
carrier integral with housing. 
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Fig. 56. A two-piece, or divided rear axle 
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REAR WHEELS, DIFFERENTIALS AND REAR AXLES FOR PASSEN- 
GER CARS: Types; Adjustments, and Repairs! | 


TYPES OF REAR AXLES 


This subject is also treated on pages 15 and 16. 
Types in general use are the “plain live’ (used on 
the Ford (pages 1096, 1097); the “semi-floating,”’ 
which is used most (about 42 per cent of the cars 
use this type); the “three-quarter floating,’ which 
1s extensively used, and the “‘full-floating.”’ 

To find the make and type used on different cars see Index, 
“Specifications of Passenger Cars.” 

The S. A. E. distinctions between the types of 
rear axles are as follows: 


Dead axle: An axle carrying road wheels with no 
provision in the axle itself for driving them. 


Live axle: General name for type of axle with con- 
centric driving shaft. See also pages 15, 16. 


Plain live axle: Has shafts supported directly in 
bearings at center and at ends, carrying differential 
and road wheels: (The plain live axle is practically 
obsolete.) : 


Semi-floating axle: Has differential carried on 
separate bearings, the inner ends of the shafts being 
carried by the differential side gears, and the outer 
ends supported in bearings. 

The semi-floating axle shaft carries torsion, bending moment, 
and shear. It also carries tension and compression if the wheel 
bearings do not take thrust, and compression if they take 
thrust in only one direction. 


Three-quarter floating axle: Inner ends of shafts 
carried as in semi-floating axle. Outer ends sup- 
ported by wheels, which’ depend on shafts for align- 
ment. Only one bearing is used in each wheel hub. 

The three-quarter floating axle shaft carries torsion and the 
bending moment imposed by the wheel on corners and uneven 
road surfaces. It also carries tension and compression if the 
wheel bearings are not arranged to take thrust. 


Full-floating axle: Same as three-quarter floating 
axle except that each wheel has two bearings and 
does not depend on the shaft for alignment. The 
wheel may be driven by a flange or jaw clutch. 

The full-floating axle shaft is relieved from all strains except 
torsion, and in one possible construction, of tension and com- 
pression. 

Advantages of the semi-floating axle (by Packard Motor Car 
Co.): In the semi-floating axle, the wheel hubs can be made 
shghtly smaller and, because of the location of the bearings, 
the stresses in the rear axle can be kept lower than in the full- 
floating type. 

There is a slight advantage also in the bearings, as the full- 
floating type have to use a bearing with a smaller ball, since it 
must fit around the rear-axle tube. In the semi-floating type, 
the bearing has a smaller bore, and therefore larger balls can 
be used, as the bearing has only to go over the axle shaft. 

Another advantage is that the rear wheels can be more 
readily removed when replacements are necessary, wheels 
being replaced oftener than shafts. Still another advantage 
claimed is that of lubrication, as the outer bearings can be 
lubricated from the inside, and an oil retainer can be placed on 
the outside, while the full-floating type must have a separate 
supply of lubricant for the rear-wheel bearings. 


Rear-axle ratios (see pages 8 and 9). 
drive (see page 6). 


TIMKEN REAR-WHEEL BEARINGS 


As an example of the semi and full-floating types 
of rear axles, and the method of attaching the axle 
shafts to the rear wheels, and of how the bearings are 
placed; we will use the Timken rear axles and wheels. 


Types of 


1 See Index under Truck axles. 
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Rear-axle housing is made in “one-piece” or 
“two-piece” type. Fig. 53, page 862, shows a one- 
plece type, and Fig. 56, a two-piece type. The 
halves (H) are termed right and left halves. 

The bevel-gear housing (Fig. 54) is that part 
where the bevel gears are enclosed. The differential 
carrier is that part which carries the differential. 
On some it is bolted to the axle housing, as in 
Fig. 19, page 871, and on others it is integral with 
the axle housing, as in Figs. 54, 55. The rear-axle 
tube is shown in Fig. 54, one right, the other left. 
Rear-axle shafts (semi-floating in this example) are 
right and left. The rear-axle housing cover is the 
plate over the one-piece housing. The rear-axle 
spring seat may be under or on top of the housing. 
Other parts are shown in Figs, 53, 54. 


Remeving Rear-Axle Shafts 


On “full-floating’ and ‘“‘three-quarter-floating” 
type of rear axles, the axle shafts can be withdrawn 
without removing wheels. 


On most of the ‘‘semi-floating type’’ of rear axles, 
the axle shafts can be withdrawn without removing 
rear-axle assembly, but wheels must first be removed 
and then the outer wheel bearing nuts and bearings 
(see pages 15, 16, 864, and 883). 

On a “plain live axle” having a two-piece or 
divided rear-axle housing, the complete rear-axle 
assembly must be removed in order to remove the 
rear-axle shafts. See pages 880 and 1096. 


Removing Differential 


On those types of floating rear axles having a 
“one-piece” housing and a cover plate and where the 
“differential carrier’ is integral with the rear-axle 
housing, the differential can be removed by removing 
the axle shaft, then removing the differential bearing 
caps from the carrier integral with the axle housing 
(Fig. 55), after which the differential can be with- 
drawn at the rear of the housing. Coal 


On those types of rear axles having a one-piece 
housing with “differential carrier’ bolted to rear- 
axle housing (Figs. 18, 19, page 871), the differential ' 
with drive pinion can be removed by withdrawing 
axle shafts, loosening differential carrier, and re- 
moving complete assembly (lig. 19, page 871), 
through the front part of the axle. Then the 
differential can be disassembled and adjusted on 
the removed carrier. 

On those types of rear axles having a ‘“‘two-piece” 
or divided rear-axle housing which is bolted together 
in the center, the, complete rear-axle assembly must 
be removed, from the car in order to remove the 
differential, as shown in Figs. 56, page 862 and 41, 
page 880, Fig. 28, page 921, and Fig. 39, page 1096. 


ADJUSTMENT AND LUBRICATION 
Semi-Floating or Fixed Hub Types* 


Timken fixed-hub or semi-floating rear axles are 
used on light. and medium-weight passenger cars. 
In this type of construction the wheel is:keyed to the 


2See also page 883 for later types with oil seals. 
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axle drive shaft, the shaft revolving in a bearing 
mounted in the housing just inside the wheel. See 
Fig. 1, page 864. This bearing should be cleaned, 
greased, and adjusted at least once a year; more 
often if the service is severe. 


BBawas 
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Fig. 1 Fig. 2 


Fig. 1. Timken rear-wheel hub as used with the semi- 
floating rear axle (see also page 883). 


Fig. 2. Timken rear-wheel hub as used with the full-float- 
ing type of axle. 


To clean the bearing, remove the wheel from the 
axle shaft, using a wheel puller if necessary.1. Now 
release the locking finger (A) which prevents the 
bearing adjusting ring (B) turning, and unscrew this 
ring from the housing, carrying with it the bearing 
cup (C). The ring having been removed, pull out 
the axle shaft (E) on which is pressed the bearing 
cone (D), and the rollers. With a stiff brush and 
gasoline or kerosene clean off all old grease from the 
bearing cup, cone, and rollers, and from the end of 
the housing into which the adjusting ring is screwed. 
In order thoroughly to remove all old grease, the 
bearings should occasionally be placed in a solu- 
pce of washing soda and water and brought to a 
boil. 


Lubrication of bearings: After carefully cleaning 
and drying the bearing, cover well with good, clean 
cup grease free from acid and dirt, grit, and other 
solid matter. Also pack the end of the housing 
with grease. 


Adjustment: Now replace the shaft with the 
bearing cone and rollers and screw on the adjusting 
ring carrying the bearing cup. The adjustment of 
the bearing is made by turning up this ring. 


In adjusting wheel bearing, remember that the 
two drive shafts, right and left, come in contact in 
the center of the differential spider (see Fig. 3, page 
865). If the bearing on one side is adjusted in too 
far, while the bearing on the other side is too far out, 
the spline end of the shaft will project through into 
the other side of the differential. This will either 
lock the differential or cause the end of the shaft to 
be twisted off. Care must be used, therefore, to 
take up the same amount on both right and left- 
hand bearings. 


Screw up the bearing adjusting ring (B) (Fig. 1) 
until all end play is taken out of the shaft and until 
the shaft turns stiffly when revolved with a wrench 
placed on the nut on the shaft end. Then back 
off the ring one notch and lock in this position by 
means of the locking finger. The wheel may now be 
replaced, care being taken to tighten up well on 


' See Index under ‘‘Wheel pullers,”’ 
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the nut on the end of the shaft and to lock it with a 
cotter pin. 


Full-Floating Type 


Timken full-floating rear axles are used on heavy 
passenger cars. In this axle the entire weight of 
the car is carried on the axle housing; each rear 
wheel has two bearings mounted in the hub similar 
to the front wheel (Fig. 2). These bearings should 
be cleaned, re-greased, and adjusted at least once a 
year—more often if the service is severe. 


To remove the bearings, take off the hub cap (not 
shown) jack up the wheel, and pull out the axle 
drive shaft (A). Wipe the grease from the end of 
the housing tube and the lock nuts. Now take off 
the outer lock nut (B), the thin lock washer (C), and 
the inner lock nut (D). The wheel may now be 
removed. Kneel directly in front of it and, grasp- 
ing the rim with both hands, pull toward you. Be 
careful not to allow the outer bearing (E) to fall to 
the floor, which may bend or otherwise damage the 
cage. 


To clean parts: With a stiff brush and gasoline or 
kerosene, clean all the old grease from both outer 
and inner bearings and from the inside of the wheel 
hub. Occasionally both bearings should be placed 
in a solution of water and washing soda and brought 
to a boil, This cleans off any grease behind the 
rollers which may not have been removed by the 
brush. 


Lubrication of wheel bearings: When the bearings 
have been thoroughly cleaned and dried, replace 
the inner bearing (F) on the axle tube, covering it 
well with good clean grease free from all acid, grit, 
or solid matter. Care should be taken to see that 
there is no dirt on the paddle. Repack the space in 
the hub between the two bearings and cover the 
outer bearing with grease. 


Replacing wheel: Now replace the wheel, and, 
holding it firmly in position, slide the outer bearing 
on the tube end, pressing it firmly into the hub. 
Screw up the inner lock nut, turning it up tight 
against the bearing so that the wheel binds, at 
the same time revolving the wheel to be sure all 
rane surfaces on the bearing come into con- 
act. 


Now back off the nut enough to allow the wheel 
to turn freely, but not enough to give any notice- 
able looseness or end play. Replace the lock 
washer and screw up the outer lock nut tightly 
against it. 


Bearing adjustment: Before replacing the axle 
shaft, be sure that your bearing adjustment is right. 
The wheel should be loose enough to oscillate, that 
is, when spun, it should come to a stop and then 
start to turn back in the opposite direction, but not 
loose enough to have any amount of shake. Check 
this adjustment after tightening up the outer lock 
nut, as it is sometimes possible, when using a large 
wrench, to turn the nut so tightly against the inner 
nut as to destroy the adjustment, 


Lubrication of wheel hubs, etc : Having obtained 
a good bearing adjustment, cover the end of the 
tube and the lock nut with grease, and slide in 
the drive shaft. Fill the hub cap with grease 


eae it on the hub, being careful to get it 
ight. 


ADJUSTING REAR WHEELS, REAR AXLES, DIFFERENTIALS 


Cautions 


1. Don’t pee lock nuts so tight that the wheel binds. A 
wheel should oscillate when given a slight spin (in other words, 
come to a stop and turn slowly back in the opposite direction). 


2. Don’t allow the lock nuts to be so loose that you can 
shake the wheel and feel the play in the bearings. Too loose 
an adjustment will damage a bearing just as rapidly as too 
tight an adjustment. 


3. Don’t take rollers, cone, cage, or cup from one bearing 
and substitute these parts in another bearing even though it 
bears the same number. After a bearing has once been used, 
Be Ports differ from an unused bearing one to two one-thou- 
sandths of an inch—not enough to see, but enough to cause 
trouble and expense if parts are substituted. If a bearing 
must be replaced, because of damage, replace the entire bearings. 


865 


4. Don’t hit the cage with a hammer to drive a bearing on a 
spindle; you will bend the cage and damage the kearings. 


5. Don’t use a screwdriver or other sharp tool back of the 
cage to pry a bearing off a spindle—you will bend the cage. If 
a bearing cone sticks, be sure the tool is placed behind the edges 
of the cone. A slight pressure is sufficient to release the cone 
from the spindle. 


6. Don’t let bearings fall on the floor; you may bend the 
cage which keeps the rollers in line. 


7. Don’t use grease or other lubricant that contains acid 
or has acid-forming qualities. Use only a good grade of clear 
medium cup grease haying no solid matter in suspension. 


8. Don’t drive cups in hubs or other retainers, nor cones on 
spindles, with a hammer where a pressed fit is required. 


ADJUSTMENT OF TIMKEN REAR AXLES;} GEARS, PINION, AND DIFFERENTIAL BEARINGS? 


There are three conditions which make adjust- 
ment of gears and bearings necessary—objection- 
able noise, excessive back lash in the gears, and a 
loose pinion or differential bearings. 


Timken-Detroit fixed-hub or semi-floating rear 
axles are built in two sizes—current series, 5151 and 
5152 (Fig. 3) for light cars, and 5301 and 5302 (Fig. 
4) tor cars of medium weight. Full-floating axles 
for heavy cars are built in one size only—current 
series 5762 (Fig. 5). The construction of these three 
axles is shown in detail in Figs. 3, 4 and 5. The 
principles of adjustment are the same in any case; 
the figures show the slight differences in the details 
of design. 


To adjust for elimination of noise,? remove the 
clamp bolt and lock at (A), and turn the sleeve (B) 
containing both the pinion bearing and the pinion 
shaft one notch to the left. Replace the clamp bolt 
and lock, and run to see if the noise is lessened or 
increased. If the noise is less, turn the sleeve to 
the left until the quietest point is found; if it is 
increased, turn the sleeve to the right until the best 
point is found. Do not forget to replace the clamp 
bolt and lock each time before running to test your 
adjustment. 


To take up excessive back lash,? remove the cover 
(F). Now loosen the differential-bearing cap bolt- 
lock wire (G), and disengage the lock (H) from the 
adjusting rings (J) and (K). When this has been 
done, loosen the right-hand adjusting ring (J) and 
tighten the left-hand ring (K), thus forcing the ring 
gear against the pinion. ‘Turn both rings the same 
number of notches until the proper amount of back 
lash, approximately five one-thousandths of an 
inch, has been obtained. After adjusting, be sure 
that the lock is replaced and is held by the wires 
before replacing the cover. 


To adjust the pinion-shaft bearing, loosen lock 
nut (C) and then tighten up on adjusting nut (D) 
until the shaft will turn freely but with only very 
slight end play. The end play should be about 
five one-thousandths of an inch after tightening the 
lock nut. Tighten up the lock nut (C) and peen 
over the washer (E), so as to lock both nuts. 


If noisy gears result from this adjustment of the 

bearings, eliminate the noise by the adjustment de- 
scribed above. 
1 Timken axles (Figs. 3, 4, 5, and Fig. 6, pages 865, 866, and 
Fig. 7, page 867) could represent either a semi-floating or a 
full floating axle because the differential supports the inner 
ends of axle shafts. The next principal feature which de- 
termines whether it is a semi-floating or full-floating axle is 
found in the type of hub used. See also pages 15 and 863. 

If the semi-floating wheel hub (Fig. 1, page 864) is used, 
jt is termed a semi-floating axle. 

If the full-floating wheel hub (Fig. 2, page 864) is used, it is 
termed a full-floating axle. 


2 See also page 910 for later types. 


Adjustment of the differential bearing is made 
by tightening up on the adjusting rings (J) and 
(K) after releasing the lock (H). Tighten up on 
these rings until the differential turns freely, but 
without end play. If excessive back lash results 
from this adjustment, take up as outlined above for 
elimination of back lash. 
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Fig. 3. Timken fixed-hub or semi-floating rear axle, types 
5151, 5152 for light cars. 


Lubrication: The pinion and ring gear and the 
differential gears and bearings are lubricated by the 
oil in the axle housing. Keep the housing filled to 
the level of the oil hole in the bowl with a good 
quality of light steam cylinder oil. 


To lubricate the drive-pinion bearings, keep the 
sleeve (B) well filled with a good quality of heavy 
lubricant free from acid, grit, or other solid matter. 


Lubricant can be introduced into this sleeve 
through the street ell at the side of the carrier cast- 
ing, and this point should receive special attention 
when the axle is first put into service. Be sure that 
the sleeve is filled to the height of the lip, and put in 
additional lubricant from time to time to make up 
for any leakage. 
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Gears are properly adjusted: 


1. When the axle is quiet. 
2, When the gear teeth engage for their entire 
length. 
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Big. 4. Timken fixed-hub or semi-floating rear axle, types 
5301, 53802 for cars of medium weight. 
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83. When there is but little.back lash between the 
gears. 


4. When there is no end play in the pinion 
shaft. 


5. When all adjustments are securely locked. 
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Fig. 5. 
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Timken full-floating rear axle, type 5762, for heavy 


OLD TYPE REAR AXLES (TIMKEN) 


The preceding instructions are intended to cover 
particularly the Timken-Detroit axle now bemg 
produced. 


The following description and figures cover the 
adjustment of axles as formerly designed, where 
these designs differ to any extent from the present 
type. See Figs. 6 and 7. 


Gear and Bearing Adjustment of Timken Rear 
Axle Shown in Fig. 6 


1, Before making adjustments for elimination of 
noise or back lash, take up all looseness, if any, in 
the bearings. To do this, remove bolts (A) and 
locking key (B). Turn the slotted ring (C) toward 
the right, while holding ring (D) in its original posi- 
tion, until the bearings are free trom end play, at 
ihe pare time allowing the pinion shaft to turn 

reely. 


To take up differential bearings, remove the lock- 
ing wire in cap screws (L) and loosen the screws one 
half-turn. Release locking finger (J) and turn the 
right-hand adjusting ring (F) toward the differen- 
tial until the bearings are free from end play, at 
one time allowing the differentia] to turn 
reely. 


2, When adjusting to eliminate noise, remove 
bolt (A) and locking key (B) as directed above, and 
turn rings (C) and (D) one slot toward the left and 
repeat until the quietest point is found. If the 


noise increases, adjust in the opposite direction. 
Always turn rings (C) and (D) together when adjust- 


Fig. 6, 
text. 
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(5241); Jordan (5241); Westcott (5240); 


Timken semi-floating rear axle, as referred to i th 

Models are 5230, 5240, 5241, 5752, and 35C ales eine 
formerly used this axle are as follows: Hudson 

Chalmers (35C), 
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ing for this purpose, by using a tool broad enough 
to engage the slots in both rings. 


3. When adjusting to take up back lash in the 
gears, remove the wire and loosen cap screws (K), 
(L), one half-turn. Release locking fingers (H), 
(J). Back the adjusting ring (F) away from the 
differential and turn the adjusting ring (E) toward 
the differential (right-hand thread on both) until 
the gear is forced toward the pinion, so that it has 
about .005” back lash, or barely perceptible loose- 
ness. 


If the gears are so far out of mesh that no results 
can be obtained through the method described 
above, or if new gears have to be placed in the axle, 
remove peep-hole plug (G) for observation, and set 
the gears with backs flush, as a starting-point, and 
proceed again as directed above. 


If noise results from taking up loose bearings, 
proceed as in paragraphs 2 and 3 as required. 


After making adjustments, make sure that all 
locking keys, cotters, wires, etc., are replaced and 
that all bolts and cap screws are properly drawn 
up. If a car is run to try the effect of any adjust- 
ments, all bolts and cap screws must be properly 
tightened. 


Gear and Bearing Adjustment of Timken 
Rear-Axle Shown in Fig. 7 


1. To eliminate noise, loosen nut No. 1 at (A) 
and then loosen nut No. 2. Remove the cover at 
(B), and loosen clamp bolt No. 4. Turn the slotted 
adjusting cup toward the left one notch, and tighten 
up nut No. 2, then nut No. 1, just enough to let the 
shaft run freely without end play. If this lessens 
the noise, loosen nuts No. 1 and No. 2, and turn the 
adjusting cap another notch, and repeat this opera- 
tion until the quietest point is found. If the noise 
increases, adjust in the opposite direction. When 
final adjustment is made so that the pinion shaft 
has no end play, back off nut No. 2 one quarter- 
turn and tighten up on nut No.1. Bend the washer 
over one flat of each nut, tighten up clamp bolt No. 
4, and replace the cover. 


2. To take up back lash, back the adjusting ring 
at (D) toward the differential, and turn the ring at 
(C) against the bearing cap which will force the ring 
gear toward pinion. ‘These rings have a right-hand 
thread and are threaded to bearing carrier. Before 
turning the rings, loosen the cap screws in the bear- 
ing cap one half-turn after removing the locking 
wires. The proper amount of back lash should be 
approximately .005’, or barely perceptible looseness. 
When proper adjustment is made, make certain that 
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the locking pins are in the back slots of the rings, 
taghten the cap.screws, and replace the locking wires. 


Fig. 7. Timken full-floating rear axle, as referred to in text. 
Model numbers are 5741, 5742, 5395, 5396, 538, and 574. Cars 
which formerly used this axle are as follows: McFarland (5742); 
Hal (5395); Daniels (5396); Dorris (5396). 


3. To take up looseness in bearings on the drive- 
pinion shaft, loosen nut No. 1, tighten up nut on No. 
2 enough to let the shaft run freely without end 
play, back off one quarter-turn, and tighten up nut 
No. 1. If noisy gears-result, proceed as in para- 
graph 1. For taking up looseness in differential 
bearings adjust rings (C) and (D) away from the 
differential, after loosening the cap screws and lock- 
ing the wires, as directed in paragraph 2. Adjust 
each ring until the differential runs free without end 
play, and if back lash results, proceed as indicated 
Im paragraph 2. 


If gears are so far out of mesh that no results can 
be obtained through the method described above, 
or if new gears have to be placed in the axle, remove 
the peep-hole cover No. 3 for observation, and set. 
the gears with backs flush, as a starting-point, and 
proceed as above. 


THE TIMKEN AXLE SHAFTS 


From the differential the power is carried to the 
wheels by the axle shafts. They must be strong— 
strong enough to resist the greatest possible torsion 


= FULL FLOATING TYPE AXLESHAFT ‘ 


FIXED HUB, OR.SEMI-FLOATING AXLE. SHAFT 
Fig. 8 


under any conditions of travel. Yet Wey should be 
as light as is consistent with perfect safety. 


Where the shaft enters the differential it is en- 
larged, the end is splined, and steel is left back of 
the splines—a very important matter. 


At its wheel end the shaft of the full floating axle is 
enlarged to form an integral (not welded) disk or 


“driving dog” (Fig. 8), which fits into the driving 


plate of the hub and turns the wheel (Fig. 2, page 
864).. In the fixed hub or semi-floating type of axle 
shaft, the wheel end is keyed (Fig. 8) to the wheel 
(Fig. 1, page 864). 
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TIMKEN ROLLER BEARINGS 


The subject of bearings is treated on page 19. 
An explanation of the Timken roller bearing which 
takes a thrust or radial load is given below. 


The different places on a car where roller or ball 
bearings are generally used are the front wheels, 
the transmission, the pinion drive shaft, the dif- 
ferential, and the rear wheels. 


The parts of a Timken roller bearing are shown 
in illustration below (Fig. 9), and are as follows: 
(1) the cup or outer race; (2) the roller bearings; 
(3) the cone or inner race. 


Fig. 9. Timken tapered-cone type of roller bearing. Used 
for wheel bearings, axle bearings, and different parts of the car. 
The part to the left is called the cup or outer race in which 
the rollers revolve. Note that the cone, or inner race, is the 
part underneath the rollers. This part fits onto the shaft and 
the cup fits into the bearing space. 


The cone should have a floating-fit on all non- 
rotating shafts, such as front-wheel spindles and 
full-floating rear-axle sleeves. 


The cones should have a press fit on all rotating 
shafts, such as semi-floating rear-axle drive shafts, 
pinion shafts, worm shafts, belt-pulley shafts, and 


transmission shafts; except where it is necessary to 
move the cone on the shaft to make adjustment, in 
which case the cone should have a light-press fit. 
(Be sure that all cones are seated firmly against the 
shoulders on the shafts.) 


Cups: The ideal mounting for all Timken cups 
is a press fit in such mountings as wheel hubs, pinion 
housings, differential housings, belt pulleys, worm- 
shaft housings, and transmissions. Where the cup 
must be moved to make adjustment, it should have 
a light press fit. (Be sure that all cups are seated 
solidly against the shoulders in their mountings.) 


On mountings where shim adjustment is used, 
the cups are usually pressed into a retainer or cup- 
holder which, when installed, is bolted to the hous- 
ing with shims between the flange of the retainer 
and the housing. Adjustment on such mountings 
is made by moving the retainer farther into the 
housing until all end play is taken out of the bear- 
ings. 


This can be done by removing the retainer and 
taking out one or more shims. If adjustment is 
made too tight, causing a bind in the bearings, one 
or more shims should be added. 


The subject of direct mounting and indirect 
mounting of bearings on a worm shaft is explained 
under the discussion of truck rear axles (Timken), 
as is also the subject of how to compute the worm- 
gear ratio. 


The adjustment and lubrication of the front and 
rear wheel bearings, transmission, and differential 
are given in the explanations of the different Timken 
axles and wheels in this instruction, and also in the 
instruction dealing with front wheels and under 
the truck rear-axle subject. 


ADJUSTMENT OF COLUMBIA THREE-QUARTER FLOATING REAR AXLE 


The Columbia rear axle, illustrated below, is the 
model 50,000 Columbia three-quarter floating type 
of rear axle, as used on passenger cars weighing 
3,200 to 4,000 lbs., equipped for road service. 
Some of the cars using this axle are the Cole, King, 
Premier, National, Du Pont, Kenworthy, and Ogren. 


To remove axle shafts: Unscrew the six acorn 
nuts on the axle flange and pull out the shafts 
(Fig. 10). 


To remove the differential assembly: Having 
first taken out the axle shafts, remove the ten cap 
screws on the face of the carrier, as indicated on 2, 
Fig. 10, remove the cam brackets which extend over 
the face of the carrier and which come off freely after 
the cap screws are out, and the carrier will then fall 
out of the housing. All brake connections may 
remain intact during this operation. 


To adjust drive pinion bearings: This is required 
only when the drive pinion shaft is loose, that 1s, 
when you can move the drive pinion shaft forward or 
backward. This can be determined by prying 
between lock nuts and carrier (Fig. 10). This 
adjustment is made with the two nuts (Fig. 10) 
where it reads: ‘Never loosen these two nuts unless 
end-play has developed.” 


To adjust drive pinion: Remove the locking plate 
(2, Fig. 10) on the neck of the carrier, held in posi- 
tion by two screws and lock washers, loosening the 
locking bolt next to this plate which clamps the pin- 
ion adjuster in the neck of the carrier. Insert a 


flat tool, usually a blunt screwdriver, into the 
notches on the pinion adjustment and turn either to 
right or left as you wish the pinion closer to or farther 
away from the ring or master gear. 


Turn the pinion adjustment to the right, if you 
desire to move the drive pinion forward (toward 
front of vehicle), or to the left, if you desire to move 
the drive pinion backwards and thus bring the 
back faces of the drive pinion and ring gear to proper 
position. Move the adjustment only one or two 
notches (not complete turns) in one direction or the 
other until the quietest running position has been 
secured. Replace the locking plate and tighten 
the locking bolt. 


Adjustment for noise: Put the pinion closer for 
“drive noise,” and farther away for “coasting 
noise,” see “Gear Contact.” 


To adjust ring gear: Do not make this adjustment 
unless absolutely necessary and after having tried 
the other adjustments. The thrust of the drive 
pinion always forces the ring gear toward the left 
rear wheel (left as when seated in car) ; consequently 
the adjustment is usually towards the right-hand 
rear wheel in practically every case, owing to excess 
wear on the lefenee differential bearing. This 
adjustment is made by turning the left-hand dif- 
ferential bearing adjustment (A) (Fig. 10). Some- 
times the adjustment may have to be made on the 
right-hand adjustment (A) (Fig. 10); this should 
not be done however, unless you can pry against 


the ring gear and it shows a slight end play toward 
the right. 
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A— Two s!DE ADJUSTORS FOR M 
MOVING TO RIGHT OR LEFT 


Fig. 10. General s 
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pecifications of the Columbia rear axle: For passenger cars: capacity 3,200-4,000 pounds, equipped for 


road without passengers; three-quarter floating type; one-piece rear-axle housing, with full-length reinforcing tubes; heavy-duty 
tapered roller bearings; alloy steel spiral bevel gears, case hardened and heat treated; adjustment provided for pinion and differ- 
ential; alloy steel pinion shaft and drive shafts scientifically heat treated; sixteen-inch adjustable internal and external brakes. 


See page 891 for description of the brakes. 
Mobiloil “C,”’ or Polarine ‘‘A,” or Enarco medium. 

Note. To reach the differential bearing adjusters 
(A) (Fig. 10), it is first necessary to remove the lock- 
ing wires and to loosen two cap screws and remove 
the caps (not shown in the illustration). 


If it has been finally determined that the ring gear 
must be moved to secure proper gear contact, the 
whole assembly must be moved, by releasing the 
adjuster locks on each side and then backing off one 
of the adjusters (A) a notch or two in the direction 
you wish to move the ring gear, following this by 
screwing in (toward the ring gear) on the adjuster 


Lubrication: Use Whitmore’s No. 9 in summer and Whitmore’s No. 33 in winter, ur 


(A) on the opposite bearing. Thus you are moving 
the whole assembly and maintaining the bearing 
adjustment. 


The differential ring gear is always placed on the 
left side of the differential (left side as when seated in 
the car), because the crank shaft and propeller shaft 
revolve clockwise, and thus drive the rear wheels 
forward. See Fig. 10, and also Fig. 3, page 6. 
Owing to this fact, the thrust is always to the left 
side of the differential, and thus there is more wear 
on the left bearing. 


BEVEL GEAR CONTACT 


Proper gear contact and properly lubricated gears 
will assure the efficient transmission of the engine’s 
power to the rear driving wheels, providing that the 
differential and pinion bearings are performing their 
functions properly. 


In order to understand more clearly the meaning 
of “gear contact,” the following terms are illustrated 
and described. 


Terms Used in Describing Gear Contact 


Pitch line: A line drawn near the middle of the 
tooth (see Fig. 11). 


PITCH LINE 


Bigs 11: 
teeth. 


Working depth: That part of a tooth which is 
opposite nds end of the tooth with which it meshes, 
see (W) (Figs. 12 and 11). 


Descriptive terms as used in connection with gear 


Clearance: The distance from the working depth 
to the bottom of the tooth (see Figs. 12 and It). 

Face: That part of a tooth which lies between 
the pitch line and the end of the tooth (see Fig. 11). 

Flank: That part of a tooth which lies between 
the pitch line and the working depth (see Fig. 11). 

Toe: The inside or smaller half of a tooth (see 
Fig. 11). 

Heel: The outside or larger half of a tooth (see 
Fig. 11). 

Backlash: The difference between the thickness 


of a tooth and the space into which it meshes (the 
play) (Fig. 12). 


AN 
Ww CLEARANCE 


Fig. 12 Fig. 13 


Fig. 12. Explanation of backlash, clearance, and workigg 
dept (W). 


Vig, 13. Full-face contact (shown in black), 
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Fig. 14 Riese te 
Fig. 14. Flank contact (shown in black). 
Fig. 15. Partial face contact (shown in black). 


Fig. 17 


Fig. 16 
Fig. 16. Toe contact (shown in black). 
Tig. 17. Heel contact (shown in black). 


Gear Contact as Applied to Columbia 
Rear-Axle Gears! 


The complete driving assembly is adjusted, locked 
and tested at the Columbia plant, then tested and 
readjusted if necessary by the manufacturer, under 
the vehicle; consequently it is not often necessary 
for the user to adjust any of these parts, except pos- 
sibly the bearings. 


The pinion shaft and gear revolve in a fixed carrier 
and may only be moved directly forward or back- 
ward. The ring gear also revolves in the same 
fixed carrier and may only be moved directly toward 
one rear wheel or the other. The bearings hold 
these parts from moving in other directions, con- 
sequently, proper gear contact may be secured by 
moving the pinion or ring gear in the proper direc- 
tions, as the axis of each should remain fixed. 


Familiarize yourself with the names of the gear- 
tooth faces (Fig. 11), so that you may understand 
the other illustrations (Figs. 12 to 17). 


Backlash: All contacting gears must have a cer- 
tain amount of play or space between the teeth, that 
is, the tooth of one gear must never entirely fill the 
space between two teeth of the mating gears (see 
Fig. 12). This avoids excess wear, breakage, noise, 
or decreased efficiency. Too much “backlash” is 
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just as destructive as too little. The practical 
limits of “backlash” to which gear manufacturers 
work are .005’” minimum to .015’’ maximum (five to 
fifteen one-thousandths of an inch). There may be 
slight variations from these figures. 


The desired gear contact under load is a full-face 
contact along the entire length of each contacting 
tooth (see Fig. 13). If the gear cutting, heat-treat- 
ing, and mounting has been perfect, the proper 
“backlash” is shown when gear teeth show good 
contact—running from 75 per cent to full-face 
contact of tooth. 


Flank contact (Fig. 14) is caused by the pinion 
gear being adjusted too far back (toward the rear of 
the vehicle). This condition often decreases the 
“backlash” and usually causes a grinding noise. 


Partial face contact (Fig. 15) is caused by the 
pinion gear being adjusted too far forward (toward 
the front of the vehicle). This condition increases 
the “backlash” and may cause tooth chipping. 


Toe contact (Fig. 16) is caused by moving the rmg 
gear too far toward the right rear wheel. This also 
decreases the ‘‘backlash,” and may cause tooth 
chipping or breakage. 


Heel contact (Fig. 17) is caused by moving the 
ring gear too far toward the left rear wheel and 
increasing the “‘backlash” to undesirable limits. 


Never adjust gears until you know the existing 
tooth contact. To determine this, remove the rear 
cover plate and thoroughly clean the pinion and ring 
gear of oil. Mix powdered red lead with light oil to 
the consistency of paste and paint a number of the 
teeth on the ring gear. 


Jack up the car (both wheels) and run in high gear 
for a few minutes, then throw into reverse and run 
for a minute or so, applying the brakes at intervals 
to make close tooth contact, then examine the teeth 
on the ring gear and the paint will clearly show the 
tooth contact existing. 


Then remove the inspection plug (oil-filler plug) 
and actually view the contact when possible, by 
throwing light on the pinion gear while the cover 
plate isremoved. If not correct, cautiously proceed 
to adjust the pinion gear or ring gear, as previously 
explained. 


ADJUSTMENT OF SALISBURY REAR AXLE; THREE-QUARTER FLOATING TYPE 


_ The trade name or term applied to this construc- 
tion would be “Pressed Steel Type,” and is three- 
quarter floating in design. 


To remove the axle shafts: This can be accom- 
plished without the use of the jack, as the full 
weight of the car can still be left on the wheels, or 
with the axle shafts removed, since there is no 
possibility for the wheels to come off. Remove 
the wheel-drive flange (F) (Fig. 18) by unscrewing 
nuts (N). The flange with the axle shaft can then 
be pulled out. 


To remove the wheel for any purpose, such as 
for replacing the wheel bearing, this can be done 
after the flange and axle shaft are removed. The 
wheel, with the hub and bearing, is held in place on 
the axle tube by lock nuts and washers. With 
these removed, the wheel with hub and bearing can 
be pulled off. 


1 From Columbia Axle Co.’s Service Mz 1, b issi 
Cie nice oee Service Manual, by permission. 


To remove the bearing from the hub, first remove 
the spring wire, and the bearing lock nut can then 
be unscrewed and the bearing removed. 


The differential gear carrier (Fig. 19) as a unit 
can be removed from the axle proper, after first 
disconnecting the propeller shaft and universal 
joint, by removing the carrier screws which bolt it 
to the housing. First, however, the axle shafts 
must be pulled out. 


In order that the spiral bevel ring gear (G) 
(Fig. 18) and drive pinion (P) may operate correctly, 
they must be in perfect alignment, that is, the differ- 
ential axis must be in the same plane as the pinion 
axis; at the same time there must be a correct 
amount of back lash between the pinion and the 
gear. To that end two means of adjustment are 
provided. 


The differential on which the ring gear (G) (Fig. 
18) is mounted may be moved toward either side, 
as required, by turning one of the adjusting nuts (A) 
to the left, and turning the other to the right an 
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Fig. 18. 


equal amount, after the locking fingers (B) have 
been removed, and the screws (C) in the bearing 
caps have been loosened. 


The drive pinion (P) may be moved forward or 
backward by turning the adjusting sleeve (D) in 
which the pinion shaft is mounted. Moving the 
pinion-shaft adjusting sleeve or the differential 
adjusting rings one notch is equivalent to approxi- 
mately four one-thousandths (.004’’) inch at the 
point of contact between the pinion and _ ring 
gear. 


The amount of back lash necessary to insure 
quietness of action is ordinarily between ten one- 
thousandths (.010’’) and twenty one-thousandths 
(.020’’) of an inch, depending upon the cut of the 
gears and the variation which takes place in their 
manufacture. The proper amount of back lash or 
clearance should be arrived at, however, only after 
it is known that the ends of the teeth on the pinion 
are flush with either the inner or outer ends of the 
teeth on the ring gear. 


To arrive at the proper running position of these 
gears, in order that their teeth may have a full line 
contact and at the same time operate with quietness, 
see explanation given on pages 870, 874. 


Brakes on Salisbury Rear Axle 


There are four points of adjustment on each set of brakes 
(Fig. 20), The adieating screws Oh and (H) are the means of 
providing the proper clearance at the rear of the internal and 
external bands when released, and should be adjusted to allow 
an opening between the brake drum and the linings on the 
brake bands of not more than 1/32”. 


The adjusting nuts (K) which control the setting of the lower 
haives of the external bands are next to receive attention in 
the proper order of adjustment. The jam nuts must be 
loosened and the adjusting nuts regulated to give a maximum 
clearance of 1/32” around the lower halves of the bands. 
Should the linings touch the drums at any point, as a result of 
their not being a true circle, a screwdriver should be inserted 


iq Fig, 19. 
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Salisbury rear axle; three-quarter floating type. 


and the band forced away. When the adjusting nuts are 
properly regulated, they should be relocked by the jam nuts. 
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Differential gear carrier unit. The words ‘‘dif- 
ferential gear carrier,” or ‘‘gear carrier,’ refer to the unit in 
which the gears are carried. On this axle, note that the entire 
unit is removable. 
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Fig. 20 
ADJUSTMENTS OF THE OLDSMOBILE MODEL “47°? REAR AXLE 


The rear axle used on the Oldsmobile model “47” 
car is-a three-quarter floating type, in which the dif- 
ferential is carried on separate bearings, and the 
inner ends of the axle shafts are supported by the 
differential side gears. The outer ends of the axle 
shafts aresupported by the wheelswhich are mounted 
on large roller bearings and revolve on a race or 
bearing fastened to the axle housing. With this 
type of construction it will readily be seen that the 
drive shafts are subjected only to the driving tor- 
sion, and the bending moment imposed by the 
wheel on corners and uneven roads. The axle 
poesine supports all the load of the rear end of 

e car. 


Torsion tube and third member: The drive pinion 
shaft is mounted in a set of two bearings (see Fig. 
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The clearance between the top halves of the external bands 
should be regulated to a maximum of 1/16” by means of the 
nuts (J). This difference in clearance of 1/32’ between the 
upper and lower halves is rendered necessary by the action of 
the bell cranks, which tend to tighten the upper half to the 
drum sooner than the lower half is tightened. 


When the brakes are released, the pedal should be close to 
the floor board and the centers of the eyes of all levers on the 
cross-shafts in the frame should be from 1” to 114%” to the rear 
of the shafts. The levers carried on the brake spiders should 
be as far back as allowable with the rods furnished, and these 
rods should not be shortened when the brake linings wear. 
This would disturb the proper setting of the brake levers and 
would prevent proper brake action. All adjustments should 
be made at the bands where the wear occurs. 


21). At the pinion end is a large radial bearing, in 
which the shoulder of the pinion rides. This is the 
pinion bearing and serves to give the alignment to 
the shaft and pinion. A little farther up the shaft 
is mounted a double radial bearing which takes all 
thrust imposed upon the propeller shaft by the ac- 
tion of the pinion in the ring gear. All of these 
bearings and the adjusting mechanism are incased 
in a strong housing to which is attached a long tube 
entirely enclosing the propeller shaft. The tube 
assumes the torque imposed on the axle. 


The differential assembly is mounted on two large 
Hyatt roller bearings, designated in Fig. 21, as (M). 
The side thrust on this bearing that is naturally set 
up by the wheels on uneven roads is taken up by. 
the differential thrust bearings (F) and (I). 
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Fig. 21. Oldsmobile (model 47) rear axle 


ADJUSTING REAR AXLES, DIFFERENTIALS, GEAR CONTACT 


The axle shafts are driven directly by the two 
differential gears, through which the splined ends 
of the shafts pass, being securely fastened by large 
castle nuts and special washers. The outer ends 
of the shafts are tapered and keyed into the hubs 
of the wheels, the hubs being held from slipping off 
the shaft by a nut, which is held in place by a star 
washer, one lip of which is bent up against the nut. 
This star washer has a spline which fits the keyway 
and keeps it from turning. 


Adjustment Instructions 


Adjustment of axle or differential gears: First 
find out under what conditions the noise appears, 
and investigate to see whether the axle is properly 
filled with heavy or semi-fluid oil. The capacity is 
ie quart up to the level of the filling or inspection 
plug. 


1. Noise occurs on straight pull ahead: The diffi- 
culty generally results from the teeth of the pinion 
gear (A) bottoming in the ring gear (B). This may 
be relieved by loosening the lock bolt at (E) and 
then opening the cover plate at (C), in the third 
member housing, and turning the pinion adjusting 
sleeve (D) outward two notches, or more if neces- 
sary, a notch at atime. Do not touch the adjust- 
ment of the differential-bearing cup. 


2. Noise occurs on straight coast ahead: The 
difficulty is generally the result of the teeth of the 
pinion gear (A) not meshing deep enough in the ring 
gear (B). This may be overcome by loosening the 
lock bolt at (E), and then opening cover plate at (C) 
in the third member housing and turning the pinion 
adjusting sleeve (D) inward two notches or more, if 
necessary, a notch at a time. Do not touch the 
adjustment of the differential-bearing cup. 


3. Noise occurs on turning corner to right or left: 
This is generally the result of end play at the dif- 
ferential thrust bearing (F) or (I). Open the cover 
plates (G) and (J), and then loosen or back off the 
adjusting cup (K), four or five notches toward the 
outer end of axle. Then tighten or turn the adjust- 
ing cup (H) against the differential housing (L) 
until all back lash has been take up between the 
pinion (A) and the ring gear (B). Now back off or 
loosen cup (H) by turning out three notches toward 
the end of the axle. Now tighten the adjusting cup 
(K) by turning toward the center until it is snug, 
with the wheels revolving. 


4, Adjusting after installing new ring gear: With 
the two halves of the axle disassembled from each 
other, screw both the adjusting cups (H) and (K) 
toward the outer end of the axle housing, or until 
the distance from the inner edges of the cups (H) 
and (K) to the 1/16” metal stop rings (M) for the 
Hyatt bearing is 44”. With the adjusting cups in 
this position, no difficulty will be experienced in 
assembling the two halves of the case with the dif- 
ferential and axle shafts assembled. Firmly bolt 
both halves together and then assemble the third 
member in position and tighten. The axle is now 
ready for adjustments as in paragraphs 1, 2, or 3. 
above. 


5. Installing new pinions: In installing a new 
pinion gear (A) where it has not been necessary to re- 
move the pinion shaft, leave the adjustment of the 
ring gear as it is, and adjust as explained above in 
paragraphs 1 and 2, as may be necessary, depending 
on whether the noise occurs on coasting or on 
straight pull ahead. 


6. Installing new pinion when necessary and to 
remove pinion shaft from third member: Reas- 
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semble so that the rear side of the radial bearing (N) 
in which the pinion (A) revolves is set approximately 
7/32"" from the extreme end of the shoulder on 
the flange of the third member. The backs or ends 
(see Fig. 28, page 874) of the teeth on the ring and 
pinion should be flush when assembled. To get 
this, measure from the face of the pinion-housing 
flange on the gear case at (P) to the bottom of the 
teeth at the outside diameter of ring gear (Q) (Fig. 
28). Adjust the pinion so that a like dimension is 
obtained from the face of the pinion housing to the 
flange to the point of the tooth at the outside diam- 
eter (R) (Fig. 28). 


Following are a number of suggestions relative 
to adjustments and inspection. Read carefully. 


When axle is torn down: Inspect all bearings and 
parts very carefully when removed, and when reas- 
sembling use only the parts which are in good condi- 
tion. 


Single-row ball bearings may have a slight angu- 
lar movement, or a rock as the action of a ball joint, 
but must not have any radial looseness or movement 
up and down. 


Clean bearings thoroughly with gasoline, and 
make sure that the races and balls are in good condi- 
tion and free from all foreign matter. The bearing 
should spin freely and quietly. 


Roller bearings should be washed in gasoline, and 
races and rollers should be inspected for defects or 
foreign matter. These bearings should not have 
more than .003’’ movement radially. 


The thrust bearings at the end of the differential 
should also be cleaned and inspected. 


The life of the gears in a way depends on the 
bearings, and a worn or defective part replaced is 
money well spent. 


The gear housing must be free from all chips, dirt, 
etc., for a little foreign matter here will ruin the 
entire unit in a very short time. 


When assembling, make sure that every part is 
in its place and securely locked. 


Preliminary adjustment of gears: The backs or 
ends of the teeth on the ring and pinion should be 
flush when assembled (see Fig. 28). To get this, 
measure from the face of the pinion-housing flange 
on the gear case to the bottom of the teeth at the 
outside diameter of the ring gear. Adjust the pin- 
ion so that a like dimension is obtained from the face 
of the pinion-housing flange to the point of the 
tooth at the outside diameter. 


Adjust the differential to the left, so that the 
pinion can enter freely, and then assemble the third 
member to the axle. 


Shellac the point between the two halves of the 
gear housing and make sure that the faces at the 
pinion-flange connection are flush. If they are not, 
there will be a leakage of oil. 


Adjustment of gears: Move the differential to 
the right or left, as required, to get from .005’’to 
.008” back lash (Fig. 31, page 874). 


Through the oil-filler hole in the gear housing, 
paint both sides of the four teeth in the three equally 
spaced locations on the rmg gear. Use thin white 
lead. 


By turning the bevel gear around several times 
the lead will be wiped off of the gear tooth, showing 
where the contact or load is taken on the tooth. 
The contact to work for is as shown in Fig. 23 or a 
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contact showing slightly heavier on the toe than on 
the heel, but over the full length on the tooth. 


Fig. 24 shows a heavier contact at the heel of the 
tooth. This denotes too much back lash between 
ring and pinion, and will eventually break off the 
heel. To overcome this, move the differential 
toward the pinion, but be sure to have some back 
lash. 


if the contact still shows heavy at the heel, 
change gears, as some part of the axle is out of align- 
ment. 


Fig. 25 shows a heavy contact at the toe or small 
end of the tooth. This is not bad, but the load 
should not be centered here as it will eventually 
break off the toe. To correct, move the differential 
away from the pinion, but under no circumstances 
should a gear be run with heavy contact at the heel 
resulting from too much back lash. 


Fig. 27 shows contact at the top of the tooth, and 
Fig. 26 shows it on the flank. Hither of these will 
cause noisy gears. ‘To overcome, adjust the pinion 
toward the center line of the axle for Fig. 27, to get 
full-depth contact, as shown in Fig. 23. Noise 
almost always can be eliminated by the adjustment 
of the pinion. 


Testing after Adjusting the Mesh of Gears 


After this has been accomplished, install the 
axle under the car, connect to power plant, and, 
with wheels off the floor, start the engine. Apply 
the brakes slightly, adjusting these so that there 
is an equal amount of friction at both wheels. 
Watch the tooth contact through the filler hole in 
the gear housing. If correct results have not been 
obtained, paint the gears again and readjust the 
gears as mentioned previously. The car may be run 
not to exceed one mile without oil as a check on 
the adjustment. 


If further adjustment is necessary, it should be 
made, as the gears must have contact over the full 
length of the tooth to carry the load. Oil will not 
deaden the noise, but is a lubricant. 


Gear Contact as Explained in the Oldsmobile 
Instruction Book 


The following illustrations and legends will make 
clear the meaning of terms used in connection with 
these explanations. 


TOE OF TOOTH 


HEEL OF TOOTH 
Fig. 22. Section of spiral-tooth ring gear. 


Fig. 23 


_Fig. 23. Shows correct contact, 
give best results for noise and wear, 


Fig, 24. Shows heavy contact on heel of tooth. G 
. 2 : ea t 
uD, i aay will evenly rene off at the heel. To coment 
1 the ring gear toward the pinion, but make s h; 
is back lash, as gears cannot run tight. , ee wn 


Fig. 25. Shows heavy contact on toe of to 
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up this way will eventually break off at the toe. To pane 
move the ring gear away from the pinion. ; 


Vig. 24 Fig. 25 


Gears set up this way 
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Fig. 26 Fig. 27 


Fig. 26. Shows heavy contact on the flank of the gear 
tooth, Gears set up in this way are noisy. To correct, pull 
the pinion out until contact comes to the full working depth of 
the gear tooth without leaving the lowest point of contact. 
See Fig. 23. 


Fig. 27. Shows heavy contact on face of gear tooth. Gears 
set up in this way are also noisy. To correct, move the pinion in 
until the contact reaches the lowest point on the gear tooth. 
See Fig. 23. 
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Fig. 28 
Fig. 28. See text for explanation. 


Fig. 29. The heel of the gear tooth is the large end, and 
the toe is the small end. 


WORKING DEPTH 


CLEARANCE BACKLASH 
Fig. 30 Fig. 31 ; 
Fig. 30. Showing the working depth, face, flank, and 
clearance. 
Fig. 31. Backlash. 


Putting the Rear Axle Together 
(Oldsmobile ‘‘47’’) 


_ When putting the axle together make an inspec- 
tion of the following points: 


il Before the ring gear is mounted on the differen- 
tial, inspect the ring-gear seat of the differential 
case to determine whether it runs true with the 
bearing hubs. If it runs out more than .002” 
face it off in a lathe to make it run true. : 


2. When riveting ring gear on the case, make cer- 
tain that it is riveted tight. Ring gear should 
not run out more than .008”, using the bearing 
hubs of the differentials as centers, 

3. When driving the pinion on the shaft, see to it 
that it does not ride the key; also that it is 
driven on tight. The pinion must not run out 
more than .004” on the shaft. 

4. Inspect all bearings for wear: Bearings which 
are pitted or chipped should be replaced by new 
ones. Ball bearings and straight roller bearings 
should not have more than .003/’ play between 
the inner and outer races. 


ADJUSTING REAR AXLES, DIFFERENTIALS 


5. Outer races of bearings must be a snug fit in 
bearing holes, and the inner races must also be 
a tight fit on the shafts or differential hubs. 


6. Make sure that all parts which go on the inside 
of the gear housing are thoroughly cleaned. 
Any chips, grit, or other hard substances grind 
out the bearings and gears very quickly. 


7, All studs and nuts must be a good fit in the 
threads so as to hold the gears and bearings 
in place. If these are loose, they will let the 
gears vibrate. 


8. When all the parts mentioned above are looked 
after, assemble the parts in the axle. 


Paint four teeth on the ring gear in three dif- 
ferent places, with a thin coat of white lead, and 
start to adjust the gears until all paint is wiped 
off of the portions shown shaded in Fig. 23. 
Wherever the paint is wiped off is where the 
contact occurs. 


9. After the axle is adjusted: Put it under the car 
and jack up the rear wheels; paint the teeth 
of the ring gear again, which can be done 
through the oil-level hole; apply the brake load 
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while running the car jacked up in this manner, 
and note where contact occurs. If it changes 
much from what it was when assembled, it 
shows that there is looseness in the axle, and it 
must be corrected. 


10. After all this is done, the car may be taken out 
for a one-mile test without grease in the axle 
housing, except on the bearings, which should 
be packed when assembled. This will tell what 
can be expected as far as noise is concerned. 
Grease will not deaden the noise very much, 
it only acts asa lubricant. If you find it advis- 
able to make further adjustments to make the 
axle quieter, before filling up the case with oil 
and turning the car over to a customer, paint 
the gears up again and make certain that you 
have contact as illustrated in Fig. 23. 


Full tooth contactisrequired to carry the load. 


Unless there is something radically wrong with 
the rear axle, it need not be taken apart. However, 
if the gears are worn or damaged they should be 
replaced. In the majority of cases the only work 
necessary on the rear axle consists of replacing the 
lubricant and adjusting the gears. 


ADJUSTMENTS OF STUDEBAKER “LIGHT SIX”? REAR AXLE 


The rear axle consists of a bevel-drive pinion, and 
ring gear, differential gears, and rear-axle shafts, all 
of which are enclosed in an oil-tight case. The rest 
of the rear axle is made up of rear wheels, bearings, 
brakes, and tires. 


The rear axle is of the semi-floating type. Axle 
shafts are provided with end-thrust adjustments 
(in case of wear on the bearings) located at each 
end of the axle housing (Fig. 32). Note that at 
the inner end of each axle shaft is a hardened steel 
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thrust-button. This serves to prevent wear on the 
axle shaft at this point, and also minimizes adjust- 
ment of the bearings. ‘ 


To remove end play: Any excessive end play.in 
the shafts may be taken care of by removing the 
rear wheel (in the tool kit is a puller provided for 
this purpose); then take out the clamp bolt (Fig. 
32), and turn the adjusting nut to the right until 
proper adjustment is reached. 
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Care should be exercised to see that the same dis- 
tance is maintained between the outer face of each 
adjusting nut and the end of the rear-axle housing. 
If this is not done, the rear wheels may be shifted 
out of line with the front wheels. 


Adjusting bevel-drive pinion and ring gear: If 
wear develops between the bevel-drive pinion and 
ring gear, it will necessitate adjusting the bevel- 
drive gear and pinion closer together (Fig. 32). 
This adjustment may be made by removing the 
differential case cover, cleaning out all old grease, 
and loosening the two differential clamp nuts. The 
differential adjustment nuts can now be moved 
either out or in, whichever way the bevel gear is to 
be moved. When one adjusting nut is turned out, 
the other is turned inward the same amount. This 
does not affect the tightness of the Timken bearings, 
but simply moves the whole differential sidewise. 


In reassembling parts, be sure that the bearing 
retainer lock is properly put in place. 


The end-play adjustment of the drive pinion may 
be taken care of by removing the clamping bolt and 
retainer lock, and turning the bearing cage in a 
counter-clockwise direction, until proper adjust- 
ment is reached (Figs. 33 and 32). 


The differential consists, essentially, of a case, 
made in two halves, bolted together, and a spider or 
cross with four arms which are clamped between the 
two halves of the case. A small bevel pinion runs 
on each of the arms of the spider and meshes with a 
side bevel gear carried in each half of the differential 
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case. The case is mounted on Timken bearings 
and carries a bevel driving gear on its outer circum- 
ference. Axle shafts, which drive the wheels, extend 
through the case and fit into the side bevel gears 
which are bored out and splined to receive them. 
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Fig. 33. Section of rear axle through pinion. 


Care of differential: It is advisable, at least once 
a season, to clean the differential thoroughly. This 
can best be done by removing the cover at the rear 
of the housing and washing it out with gasoline. 
Repack with fresh lubricant (light grease or heavy 
oil), being careful to replace the cover with the 
gasket in perfect condition. It should be lubricated 
regularly through the plug in the cover with a good 
light transmission grease or a very heavy oil. 
Grease can be inserted through the plug hole only 
with a grease gun. This tool is in the regular tool 
kit accompanying the car. 


ADJUSTMENTS OF MITCHELL MODEL ‘“F’? REAR AXLE 


The Mitchell “F”’ rear axle is of the full-floating 
type and carries Timken roller bearings inside and 
outside. 


Note: This could be termed a seven-eighths floating axle; 
see pages 15, 16. 


Removing the rear axle from the car: Run a rope 
under the rear end of the trame, and with a block 
and tackle raise the rear end of the car clear of the 
ground. 


The rear axle will be held up by the rear springs, 
so that the caps of the spring saddles on the axles 
ean be readily removed. While the car is raised 
and there is plenty of room to work, disconnect 
the brakes by removing the clevis pins where the 
brake rods join the levers on the axle, 


Lower the transmission as in removing it from 
the car, disconnecting the front universal joint (see 
page 862). The complete universal joint will drop 
with the transmission. 


Lower the car until the wheels rest on the ground 
and the rear springs have dropped far enough so 
that the spring seats clear the axle. oll the axle 
back on the wheels until it is in back of the spring 
seats, when the car should again be raised until the 
fenders clear the wheels and the axle can be rolled 
out free of the car. It is well to block the car in 
that position to avoid the danger of it dropping. 


_ Disassembling the rear axle: The following 
instructions are for the complete disassembly of the 
various units which make up the rear axle. In 
making any specific adjustment or repair, only as 
much of the work as may be necessary for the job in 
hand should be done. 


With the rear axle clear of the car, remove the 
transmission from the forward end of the torsion 
tube by taking out the eight cap screws which hold 
it in place. Remove the torsion tube from the rear- 
axle housing by taking out the eight cap screws 
which hold it in place. The grease retainer will 
remain in the torsion tube and the propeller shaft 
can be drawn out at the rear of the tube. It will be 
found convenient to mount the rear axle assembly on 
horses at this point. : 


Removing wheels: Take off the nuts holding 
the driving flanges to the rear wheels and pull out 
the flanges together with the drive shafts. Care 
should be taken not to tear the paper gaskets 
between the flanges and the wheels, as these gaskets 
are necessary to prevent the escape of lubricant 
from the wheel hubs. 


If it is desired to remove the flanges from the 
drive shafts, the hub cap should be removed and 
the large nut under it taken off, together with the 
washer under the nut. The flanges may then be 
pressed off the drive shafts in an arbor press. 


Removing wheel bearings: With the shafts and 
flanges out, the nuts on the ends of the rear-axle 
tubes controlling the adjustment of the wheel bear- 
ings will be exposed. Remove the nuts and tongue 
washers after taking out the lock springs, when 
the wheels complete with roller bearings, grease 
retainers, and brake drums can be pulled off the ends 
ot the rear-axle tubes. 


The grease retainers and bearings can then be 
taken out of the wheels.. Unless they are worn or 
damaged, the bearing outer cups should not be 
removed from the hubs, as they are pressed in at 
the factory. . 


? 
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Removing differential: Remove the cover from 
the back of the differential and clean out the grease 
by scooping it out of the bottom of the rear-axle 
housing and draining the remainder off through 
the drain plug. Remove the lock wire holding 
the differential-bearing cap nuts from turning, and 
remove these caps together with the differential 
adjustment locks. 


Nk 


LOCKING NUT 


PINION. 
PINION ADJUSTING SLEEVE ADJ. 
SLEEVE 
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DIFFERENTIAL “RING GEAR 


WOUSING COVER 
Fig. 34. Mitchell model “F”’ rear axle. 


Back off both adjustments to give the differential 
end play and, cramping the differential assembly 
slightly to the right, so that the rivet heads will 
clear, lift the assembly out of the axle through the 
rear opening. The differential can be completely 
disassembled by taking out the eight cap screws 
holding the two parts of the split case together. 


The ring gear being riveted to the differential 
case, it should not be removed unless it is necessary 
to replace the gear due to wear or breakage. In 
cutting off the old gear, great care must be taken 
not to spring the flange on the differential case to 
which the gear is riveted. Before mounting the 
new gear, swing the case between centers on a lathe 
and check the face of the flange to see that it runs 
true. If it does not, a light truing cut shouldbe 
taken off the face of the flange. In riveting the 
new gear in place, care should again be taken not 
to spring the flange. To make sure, the case with 
the gears mounted should be again swung in a lathe 
and tested to see that the face of the gear runs true. 


Removing drive pinion: Remove the locking 
plate holding the pinion adjusting sleeve in place, 
and screw this sleeve out through the front of the 
rear-axle housing. The pinion with its shaft and 
bearings will come out with it. 


Remove the locking ring from the pinion-bearing 
lock nut and take off the nut and the grease retaining 
washer. The pinion which is integral with the 
pinion shaft can then be removed from the adjusting 
sleeve, together with the large rear bearing, and the 
bearing can be removed from the pinion shaft. 
The small roller bearing at the rear of the pinion can 
be removed by taking off the locking ring and sliding 
the bearing off the end of the shaft. Take the small 


front bearing out of the adjusting sleeve. The set 
screw holding the bearing-sleeve lock nut in place 
can be removed and the nut taken out of the sleeve. 


Removing the rear-axle gears alone: With the 
axle in place under the car, the ring gear together 
with the differential can be removed from the rear- 
axle housing, as described in the foregoing instruc- 
tions, after the drive shafts have been taken out. 


To remove the pinion it will be necessary to drop 
the transmission, disconnect the torsion tube where 
it joins the rear-axle housing, and unscrew the 
pinion adjusting sleeve, together with the pinion and 
bearings, through the front of the torsion tube. 


BRAKE DRUM 


Fig. 35. Mitchell rear wheel hub showing bearings, flange, 
and brake drum. 


Adjusting the rear-wheel bearings: Examine the 
two bearing cups in the hub to see that they are in 
good condition, and free from dirt or grit. Cover 
them with a thick coat of cup grease, and put the 
inner bearing in place. 


Place the grease retainer in the hub and tap it 
lightly until it is driven in flush with the hub. 


Place the wheel on the end of the axle tube and 
slide it in position, being careful to see that the 
brake drum is centered in the brake bands. Place 
the outer bearing in position, put on the lock washer, 
and then the nut, and draw it up until it is flush with 
the end of the tube. If the wheels revolve freely 
and there is no end play, the adjustment is correct 
and the nut on the end of the tube can be locked 
with the locking ring. 


With both wheels thus mounted, put in the drive 
shafts and flanges, and fasten them with the nuts 
and lock washers to the wheel-flange bolts. 


Adjusting the pinion bearings: In reassembling 
the drive pinion with its bearings and adjusting 
sleeve, put the small front bearing in the adjusting 
sleeve so that the projecting side of the inner race 
is about flush with the end of the sleeve having a 
thread on the outside. This face of the bearing 
is usually marked “Thrust Here.’ Screw the 
adjusting-sleeve lock nut in the adjusting sleeve so 
that it clears the small bearing by at least 14’. 


Mount the large bearing on the pinion shaft with 
the projecting side of the inner race toward the 
pinion. This surface of the bearing is usually 
marked ‘Thrust Here.’’ Slide the tubular inner 
spacer on the pinion shaft following the large bear- 
ing. 
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Mount the pinion adjusting sleeve with the small 
bearing in place on the pinion shaft, followed by 
the grease-retaining washer and the pinion-bearing 
lock nut, which should be drawn down tight and 
locked in place with the locking ring, making sure 
that the adjusting-sleeve lock nut is not bearing 
against the small ball bearing when the pinion-shaft 
lock nut is tightened. 

By prying through the openings in the pinion 
adjusting sleeve, screw the adjusting-sleeve lock nut 
back against the small bearing until there is no end 
play between the bearings, but they rotate without 
cramping. Lock the lock nut in place with the 
small set screw. ‘This is the adjustment for taking 
up wear in the pinion bearings. 

The small bearing on the end of the pinion shaft 
ean then be mounted in place and locked with its 
locking ring. 

Adjusting the driving gears: With the differential 
bearing caps mounted in place, the ring gear can 
be moved to the right or left by screwing and un- 
screwing the serrated-adjusting nuts. The pinion 
is moved into mesh by turning the pinion adjusting 
sleeve to the left (as the operator faces the front of 
the car) and vice versa. The ideal adjustment is 
attained when the two gears mesh along the full 
length of the pitch line of their teeth and the back 
faces of the teeth are flush with just a few thou- 
sandths back lash. Before locking the adjustment 
it should be checked by revolving the ring gear a 
few times to be sure that none of the washers have 
moved out of place and give a false adjustment. 

in general, movement of the pinion in and out of 
mesh causes small change in the back lash, but a large 
difference in the pitch-line bearing. If the pinion is 
out of mesh too far, the bearing of the teeth will 
be out toward the point of the rimg-gear teeth, above 
the pitch line. If the pinion 1s too far in mesh, the 
teeth mesh at the root of the ring-gear teeth below 
the pitch line. 


Movement of the ring gear in and out of mesh 
causes comparatively small difference in the pitch- 


line bearing, but causes a large change in the 
amount of back lash. With the ring gear too far 
out of mesh, the ring-gear tooth will bear at its 
outer side, showing there is too much back lash. 
With the ring gear in mesh too far, the ring-gear 
tooth will mesh at its inner side, showing that there 
is not enough back lash. 


When the gears are properly adjusted and the 
adjustment is checked by rotating them, the adjust- 
ment of the pinion should be locked by mounting 
the locking plate, being sure that the finger on the 
lock goes down through one of the openings In 
the pinion adjusting sleeve. The ring-gear adjust- 
ment should be locked by locking the serrated 
adjusting nuts with the locking fingers fastened to 
the bearing caps with set screws. 


Lubricating the Mitchell rear axle: Once every 
season, or every 5,000 miles of running, the lubri- 
cant in the differential should be removed and the 
differential should be cleaned out. Fill the differ- 
ential with about three pints of semi-fluid lubricant 
of about.the consistency of 600-W steam-engine oil. 
The old lubricant can be removed through the rear- 
axle housing cover and drained through the drain 
plug in the bottom, while the new lubricant can be 
poured in through the opening in the cover after 
the cover has been mounted on the rear-axle housing. 
At that time some lubricant should be poured in 
through the pinion-adjustment lock plate to lubri- 
cate the pinion bearings. 


Lubrication of the Mitchell rear wheels: Once 
every season, or every 5,000 miles, the rear wheels 
should be removed from the axle, cleaned out, and 
packed with fresh cup grease. If grease leaks out 
around the brakes, it is a sign that the level of the 
lubricant in the differential is too high, or that the 
cup grease in the wheels is thinned out. In the for- 
mer case some of the lubricant should be drained 
off, while in the latter case, fresh lubricant can be 
added through the plug in the driving flange. 


DIFFERENTIALS: DISASSEMBLY AND ASSEMBLY 


The principle of operation of a differential is 
explained on pages 17 and 18. 


The type of differential gear in general use is 
the bevel-gear type with helical or spiral teeth. 
The differential or compensating gear assembly is 
shown in Fig. 36. 


The differential ring gear (see Fig. 13, page 18, 
and Tig. 3 page 6) is always placed on the left side 
(when seated in the car). 

BEVEL RING GEAR 

DIFFERENTIAL CASE 
INTERMEDIATE GEAR4 
s-SIDE PINION 


Fig. 36. Showing the internal parts of a differential and 
how, the axle shafts fit into each of the intermediate gears and 
how part (A) is bolted to part (B). Note the pinion shafts 
(D1) to which the differential bevel gears (D) are fitted, and 
which rotate on these pinion shafts. 


The bevel pinions (D) are then meshed with the two inter- 
mediate and larger bevel gears (E), the latter being connected 
to the axle shafts. 


The drive pinion (P) is connected with the drive shaft, and 
the driving power is thus applied to the large ring gear through 
the differential housing, to the intermediate bevel gears (&) 
to the axle shafts, and thence to the rear wheels. ; 


The action of the differential, or compensating gears (D) is 
explained on pages 17 and 18. 


Note in this example and in the case of most all other dif- 
eroiiae that fhe saree eae gear (R) and the drive 
pinion (P) are of the bevel type of gears with helical 
cut teeth instead of straight teeth. ee 


_When replacing a driving pinion (P) with one of a 
different diameter or a different number of teeth, it 
is always necessary to replace the driven ring gear 
(R) also, because the teeth will mesh too tight at 
either the big end of the tooth or the little end of 
the tooth, owing to the fact that the teeth are cut 
at a different angle when not mated. 


When replacing drive pinion (P), it is of course 
necessary to remove the drive shaft on which the 
drive pinion is mounted. 


Replacing driven-ring gear (R): Ring gears are. 


-usually riveted to the differential housing. Thus 


it is necvessary to remove the assembly for this 
operation. 
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Either the cold or hot rivet can be used. At the factories 
where they have special power riveting machines, the work is 
done with cold rivets and in one-tenth of the time. The 
average blacksmith or repairman, however, will probably find 
it better to heat the rivets, which is often done where there is 
only a hammer to work with. 

In placing a ring gear on a differential, one of 
the greatest causes of noisy gears is the fact that 
the differential flange to which the ring gear is 
attached is often out of true and should be carefully 
trued up before fastening the ring gear to it. See 
page 873 for adjusting after installing. 
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Removing differential. There are two types of 
rear-axle housings, the one-piece type (I ig. 54, 
page 862) and the two-piece type (Fig. 55, page 
862). The differential can be removed from axles 
of the one-piece type by removing axle shafts and 
then removing the rear-axle housing cover plate 
(Figs. 53, 55, page 862). On the two-piece type, as 
shown in Fig. 41, page 880, and Fig. 39, page 1096, 
the rear-axle assembly must first be removed. See 
also page 863. 


REMOVING THE DIFFERENTIAL (CHEVROLET “FB” AS AN EXAMPLE) 


The Chevrolet model “FB? uses a semi-floating 
type of rear axle. Note that the axle shaft is keyed 
to the hub (Fig. 37) and the bearing runs between 
oe and wheel hub, and not on the axle 
shaft. 


Brake Connecting 
Clevis Guide 


Wheel Hub 
Extension 


Grake Drum Internal Brake Stop Pin 


External Brake Stop Pig 
Fig. 37 


To remove the differential it is first necessary to 
remove the various parts as explained below. 


To remove the rear axle assembly: Place two 
jacks under the rear spring brackets and raise rear 
of car enough to take the weight off the springs. 


Remove the clips and bolts holding the springs to 
the axle and disconnect the brake pull rods, which 
operate between the foot pedals, hand-brake lever, 
and rocker shaft on the propeller-shaft housing. 


Disconnect the brake pull rods from the operating 
levers on the rear-axle housing by removing the yoke 
pins. Slide the axle assembly from under the car. 


Remove the four propeller-shaft housing bolts, 
clamping the housing to the axle housings, and lift 
the assembly off (see Fig. 38). 


Remove the hand hole plate shown in Figs. 38 
and 39. Clamp the housing in a vise with the hand 
hole on top. Remove the thrust-bearing adjust- 
ing cage lock bolt. . 


Turn the propeller shaft so that the hole in the 
pinion-shaft adjusting nut is in line with the milled 
slots in the end of the thrust-bearing cage. 


Secure a small steel pin 3¢’’ square and 1” long, 
and place it through the slots into the hole in the 
shaft: With a large adjustable wrench gripping 
the splined end of the propeller shaft, turn counter- 
clockwise or from left toright. This will cause the 
thrust-bearing adjusting cage to turn with the pro- 
peller shaft. Continue to turn until the cage is 
free, permitting the entire assembly to be removed 
through the drive-gear end of the housing. Should 
there be any difficulty in unserewing the cage, insert 


a large screwdriver into the split clamp at the point 
where the thrust-bearing adjusting-cage lock bolt 
was removed, and open the jaws of the clamp 
slightly. 

To remove the propeller shaft, remove the small 
wire passing through the head of the adjusting-nut 
lock screw. Remove the lock screw. Unscrew the 
pinion-shaft adjusting nut as far as it will go. Pull 
out the cotter pin holding the drive-gear nut and 
remove the nut. Slip a flat piece of steel between 
the back of the drive pinion and the lower end cf 
the propeller-shatt housing. With a lead hammer 
or a piece of wood held against the end of the pro- 
peller shaft, drive the pinion shaft. 


The bearings and spacing washers can then be taken off the 
shaft. The rear wheels are keyed on the tapered ends of the 
axle shafts and held in place by a castle nut and cotter pin. 
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Sectional view of Chevrolet model ‘‘FB” rear axle 


Fig. 38. 
a To lubricate, use 600W oil. 


and differential and drive pinion. 
Thrust Bearing Adjusting Cage Lock Bolt 
Thrust Bearing Spacing Washer 
Spacing Washer Key 

Hand Hole Plat 


®©ropeller Shaft 


. ,Small Pin» Co 
Pinion Shaft Adjusting Nut 


Thrust Bearing Adjusting Cage 
Pinion Shaft Thrust Bearing 

erye BN Thrust Bearing Lock Nut 

Drive Gear Nut Thrust Bearing Lock Screw 

Piston Shaft Bearing Spacing Washer 


Fig. 89. Sectional view of Chevrolet ‘‘FB”. propeller shaft. 
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To remove the rear 
wheels, remove the hub 
caps. On model “FB” also 
remove the hub extension 
by using the hub cap 
wrench and _ turning 
counter-clockwise. Re- 
move the cotter pin hold- 
ing the nut on the shaft. 
Loosen the castle nut, but 
do not remove it entirely. 

With a bar held against 
the castle nut, as shown in 
Fig. 40, deliver several 
sharp blows on the bar. 
When the wheel is free on its key remove the castle 
nut and the wheel can be pulled off. 


The axle housings (H) (Fig. 41) are in two halves, 
right and left, held together by a number of clamp- 
ing bolts (CB) (Fig. 38). Remove these bolts and 
slide the axle housing off the shafts. 


In order then to remove the differential, note 
that the differential gear case is in two halves (A) 


Fig. 40. Method inremov- 
ing the Chevrolet rear wheel. 
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and (B) (Fig. 41), held together by clamping bolts 
or screws, which when removed permit the cases to 
be separated. 


The two parts (A) and (B) can then be separated, 
after which the axle shafts with the two halves can 
be withdrawn. 


The differential gears (E) are keyed and pinned to 
the axle shafts. After removing the pins, the gears 
(E) can be pressed off the axle shafts. 


Differential Bali Thrust Bearing 


Drive Gear Differential Pinions 


Thrust Washers 
Differential Case Plain Half 


Qifferential Case Drive Gear Half 


Fig. 41. Illustrating how the differential case is divided 
into two parts (A) and (B), and which parts must be separated 
in order to remove the differential. The axle shafts are then 
removed from the gears (E). 


DISASSEMBLY AND ASSEMBLY OF A MAXWELL ‘25’? REAR AXLE AND DIFFERENTIAL 


The Maxwell ‘‘25” rear axle is a semi-floating 
type of axle. 


Evidence of Trouble 


1. Any excessive grinding or humming indicates 
that the gears are either worn, broken, or poorly 
adjusted. 

2. An intermittent catch, occurring perhaps only 
every 100 miles, indicates that parts of one or 
several teeth are broken, and are catching in 
the gears. 

3. Actual failure of the axle to operate. (Any of 
these necessitates a removal of the axle from 
the car, tearing down and replacement of defec- 
tive parts, with readjustment.) 


Fig. 42 


Fig. 43 


Fig. 42. The car is readily lifted by a chain block and sling. 
ne nee can do the work, and the car is held without danger 
of falling. 


Fig. 43. Three horses form a serviceable axle stand, though 
a special stand could readily be made. Never attempt to dis- 
mantle or assemble a part on the floor, but get the work up 
where it is accessible and clean. 


To Remove Axle 
. Block the front wheels. 
. Raise the rear of the car as shown in Fig, 42. 


. Disconnect the brake rods at the point of con- 
nection to the brakes. 


- Remove the clips holding the axle to the springs. 


whe 


Hy 


5. Draw the axle and housing out to the rear. The 
drive shaft slips out from the universal, and 
must be caught to prevent possibility of injury 
to the splined end. 

6. Place the axle on three horses arranged as shown 
in Fig. 43. 

7. Remove the hub caps. 

8. Remove the axle nuts. 

9. Using puller shown in Fig. 44, remove wheels. 


LOOSE THREADS 


Fig. 44 (upper) 


Fig. 45 (lower) 


Fig. 44. The feature of this rear-wheel puller is that the 
screw is hardened tool steel, loosely threaded into the cap. 
The end play permits a sharp blow on the screw to loosen the 
sticking wheel. 


Fig. 45. Do not attempt to remove the side bevel ear 
from the axle drive shaft until the split washers have ae 
removed in the manner shown. 


Fig. 46. The differential may be most readil . | 
: I ) y_assembled 
and adjusted, if caught in the vise in thi 

wrenches are used to do the work. Pe atigaline soceas 


10. 


11. 
12. 


13. 


14. 
15. 


16. 


Wo 


. After cleaning, examine all parts for wear. 
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Remove the torque tube and drive shaft. 
the gasket. 


Catch the grease in a pail. 

Bemore the nut from one end of the axle truss 
rod. 

Remove the differential-housing bolts. 

Pull off the differential-housing halves. 

Place the differential in a vise as shown in Fig. 
46; pull the cotter pins from the bolt ends and 
remove the differential casing nuts, allowing 
the two halves to come apart. 

Remove the split washers from the end by driv- 
ing the gear down, as shown in Fig. 45. 


Remove bearings and all parts; wash and clean 
with gasoline. 


Save 


General Repairs 


Go 
over the gear teeth, to see if any are broken or 
worn. Also note whether the drive-shaft bevel 
gear has been wearing evenly along the teeth. 
The face of the teeth should be bright all over. 
Any breakage or perceptible wear necessitates a 
replacement of the gear. 


. Draw the drive shaft from the torque tube. 


Clean and examine the bearings. 


. If the axle has been disabled by a collision, the 


shaft should be caught between lathe centers, 
tested, and trued up, if bent. 


. If any serious bend is found in either of the 


shafts, the two halves of the rear-axle housing 
should be bolted together, tested for alignment 
in the lathe, and straightened. 


. When the large ring gear on the differential 


must be replaced, its bearing on the differential 
casing should be trued up in the lathe, as shown 
in Fig 47. 


The Reassembly 


. Replace the shaft bearings, differential housing 


halves, and shaft gears, making certain that the 
split washers are in place. 


. Replace the differential cross-gears on the dif- 


ferential cross and holding shaft in a vise, as 
shown in Fig. 46, and bolt the halves together. 
(Be certain that the thrust washer is in place 
between the ends of the shafts.) 


. When the halves are bolted together, there 


should be about 1/64’ end play between the two 
halves of the shaft. If they are tight, take the 
differential apart and file a little from the end of 
each shaft. 


. Rebolt the halves, and holding as shown in Fig. 


48, turn the two shafts in opposite directions. 
The axles should turn easily all the way around. 


Note. If sticking is noted in any _place, 
catch the assembly in a vise, as shown in Fig. 46, 
‘and with the tang of a file, find by feeling which 
cross-gear is causing the sticking. If new cross- 
gears have been installed, try changing the 
sticking gear for a new one from stock. (Or if 
new side gears have been installed, try changing 
the side gear.) 


. Replace the cotter pins in the differential casing. 


Clip the ends over, away from the cross-gears. 


. Using horses as shown in Fig. 43, slip the halves 


of the rear-axle casing in place, after packing all 
bearing and gears with non-fluid oil. 


881 


To 


Fig. 47 


Fig. 47. Breakage of the ring gear usually springs the dif- 


ferential housing flange. 


By catching the entire housing in the 


lathe and trueing it up by the surface (A), the ring gear seat 
(B) may be refaced with a light cut. 


Fig. 48, 


In testing the adjustment of the differential gears, 


grasp the assembly in this manner, and turn the axles in oppo- 
site directions. They should turn freely all around. 


ie 


8. 


Fig. 49. 
should not interfere wit 


Bolt the halves together. (Do not pull one nut 
up tight until the others are snug.) 


Now get the torque tube and drive shaft ready 
for assembly. The shaft should turn freely in 
the housing. All bearings should be packed in 
grease. 

Note. If a new drive-shaft pinion has been 
fitted, make certain that the bent ends of the 
cotter pin in the end of the drive shaft do not 
interfere with the thrust bushing (see Fig. 49). 


STCEL BUSHMS COLLAR 


The cotter pin in the drive-shaft pinion lock nut 
fhe thrust bushing, and the bushing 


collars should be inserted in the manner shown. 


10. 


De, 


13, 


. Fill the axle housing with a good grade of non- 


fluid oil until the ring gear dips well into the oil. 


Place first the bronze washer on to the drive- 
pinion thrust bushing, then the steel washer, 
and insert the bushing into the rear-axle housing. 


Replace the torque-tube gasket and slip the 
torque tube and drive shaft into the axle. Bolt 
in place. 


. When all bolts are tight, the drive shaft should 


turn freely under the action of a pipe wrench. 
If any sticking is noticed, additional gaskets 
should be placed between the torque tube and. 
the axle. If any slack exists in the gears, the 
gasket should be replaced by one made of thin- 
ner paper. 

Make certain that the brake levers work freely. 
Oil well. Note whether the brake bands are 
wearing evenly and are in good condition. 
Reline, if necessary. 
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14. Replace the wheels. 
medium cup grease. 


(Note. It is always advisable to grease the 
rear springs with graphite and grease at this 
point.) 


15. Roll the axle beneath the car and, with one man 
guiding the drive shaft, slip it into the universal. 
The splines may not line up at first, and hence 
it may be necessary to crank the engine slowly 
by hand until the two slide together. 


16. Let the car down on to the axle; bolt the spring 
shackles to the axle; reconnect the brake levers. 


(Note. For the first 200 miles, at least, fill 
and screw down the grease cups two or three 
times, to make certain that all bearings have an 
abundance of grease.) 


Fill the hub caps with 


The points on the differential assembly that should 
be particularly watched are indicated on the illustra- 
tion to the right (Fig. 50). (Motor World.) 
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THE POWRLOK OR “M AND S” DIFFERENTIAL 


With an ordinary differential as shown on page 
18, when one rear wheel gets into a soft spot it will 
turn or spin. With this differential, nothing of 
the kind happens because the angle of the worms 
(D) and (M) is such that, while the side gears on 
axle shafts (A) and (B) can drive the worms, the 
worms cannot drive the gears on axle shafts (A) 
and (B). As a consequence, the differential is 
locked, or the axle is like a solid axle, so far as the 
movement of the wheel in relation to the differential 
is concerned. 


When both wheels are firm on the ground and can 
travel freely, the differential is enabled to act in 
the usual manner when turning corners, etc., by 
reason of the fact that the gears on the axle shaft 
(A) and (B) can drive the worms. 


This device (Fig. 51) prevents skidding to a great 
extent and insures positive traction at all times. 
(Mfd. by the Powrlok Co., Cleveland, Ohio.) 


OIL LEAKAGE FROM REAR AXLE; 


Preventing the grease or oil in the differential 
housing from making its way to the brake bands and 
thus causing inefficient braking was a big problem 
to manufacturers some years ago, but the difficulty 
has been overcome largely im all the present types. 
In all the axle housings on the market, some pre- 
caution is taken to prevent this leaking, usually, by 
means of a felt washer, termed an “oil retainer’ or 
“grease retainer,” and in nine cases out of ten when 
a leak occurs despite this, the condition is caused by 
placing too much oil or grease in the housing, or by 
using too light a grade of oil. Some axles use a 


heavy oil and others a light grease. 


Methods of preventing oil leakage can be observed 
by referring to the various illustrations of rear axles. 


Note felt washers in rear axles on pages 883, 877 
875, 871, 869, 864, 858. 


As an example of a method of preventing oil 
leakage, the Franklin rear-axle system will be used. 


The Franklin series “9-B” has a semi-floating 
axle. Ad pinot are possible on the wheel bear- 
ings, bevel gear and pinion, and the differential car- 
Tying bearings. The felt washers on the axle are 
also taken up from time to time (Fig. 52, next page). 
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ADJUSTING FRANKLIN REAR AXLE 


To take up the pinion-shaft packing, loosen the 
lock for the washer retainer and screw in the retainer 
until the packing fits snugly around the shaft. To 
replace the packing it is necessary to disconnect the 
drive line and remove the universal-joint flange. 


The axle-shaft felt washer is taken up by remoy- 
ing the wheel with the special wheel puller. © The felt 
washer on the inside of the wheel hub is replaced. 
The retainer that holds the other felt washer into 
the end of the axle housing can be removed by taking 
out the three small screws. If this felt washer shows 
wear, it should be replaced. 

If oil comes out of the axle at the drive-pinion 
shaft or at the wheels, examine the level of oil in the 
gear case. This should be within 2” of the filler 
hole. Examine also the packing on the pinion shaft 
and the felt washers on the axle shafts. 600-W oil 
is used in rear-axle differential case of Franklin. 


Bearing and Pinion Adjustment 


The bearings for the rear-axle drive shaft should 
be adjusted so that there is very little rock or play. 
The fact that the rock is perceptible is not necessar- 
ily an indication that the wheels are too loose..' To 
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ADJUSTING REAR WHEELS, DIFFERENTIALS, REAR AXLES 


adjust the bearings, screw their retainers up tight 
and then loosen them two notches each. See that 
each axle shaft extends the same distance from the 
housing. Take the measurements for this from 
the faces of the bearings to the ends of the axle 
housing. When the adjustment is completed, see 
that the bearing-retainer locking device is securely 
screwed into position. i 
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Fig. 52. Sectional view of the Franklin model ‘9B’ rear 
wheel, showing the location of the felt washers. 


The bevel gears on the Franklin are positively 
adjusted by shims. There are no screw adjust- 
ments except the one that takes up bearing wear on 
the pinion shaft (Fig. 53). 


To mesh the pinion deeper into the bevel-drive 
gear. withdraw the pinion unit and remove one of 
the thin shims between the pinion housing and the 
rear-axle housing. The meshing of the gear and 
pinion may be inspected through the large plug 
hole in the left front side of the gear case. The 
edges of the gear teeth should be approximately 
flush. 


To move the bevel gear sideways, take out the 
drive shafts and the bevel-gear unit, after which the 
unit can be shimmed in the necessary direction. 


TIMKEN-DETROIT REAR 


Later types of semi-floating or “fixed hub” types of rear 
wheels than those shown on page 864, are Fig. 54 which has a 
single bearing, and Fig. 55 which has two bearings. The 
numbers are 5014, 5140, 5142, and 5143. 


A feature of these types is the hydraulic compression cup 
leather (Q) which, when properly assembled, is absolutely 
oil-tight. The oil seal is also used on the Timken rear-axle 
drive pinion shaft (see page 910). See also the shim adjust- 
ments of bearings. 


’ To clean and lubricate (Fig. 54): Remove wheel from axle 
shaft. Remove cap screws (H) which hold the bearing cage 
(I) in place. Now remove the cage, carrying with it the cup 
(J). Pull out axle shaft (L) on which is pressed the roller 
bearing. Clean, as on page 864. Cover bearing with cup 
grease. Pack end of housing with grease. Replace shaft (L) 
with bearing cone and rollers and cage (I) carrying bearing cup. 


Adjustment of bearings: Add or remove shims (K). Screw 
up (H) until shims (K) are tight and shaft turns freely when 
revolved with a wrench placed on nut (N). _ When this condi- 
tion is attained, add one of the thinnest shims to one of the 
bearing cages; this will give approximately .005’" end-play. 
Replace wheel and tighten nut (N), and lock with cotter pin. 


When making adjustment it is advisable to remove the oil 
seal by removing locking washer (P), cup leather (Q), and 
spring (R). 
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Pinion-Shaft End Play 


If the bearings of the drive-pinion unit permit 
the pinion shaft to have end play, the axle is prone 
to become noisy, particularly when the brake is 
applied and when the car is coasting. To take up 
this end play, disconnect the rear universal jo nt 
and take off its flange. Then remove the housing, 
and after loosening the lock nut, make the adjust- 
ment with the nut. These bearings are very sen- 
sitive to adjustment and must not be made too tight. 
This adjustment is sometimes more easily made if 
the pinion unit is taken out and put in a vise. 
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Fig. 53. Sectional view of the Franklin model “9B"’ rear 
axle, showing the points of adjustment. 


Truss-Rod Adjustment 


The truss rod under the gear case should be 
examined every 1,000 miles, and should be adjusted 
so that it sounds taut when struck. Keep it 
adjusted this way, but avoid pulling it up too tight, 
as the strain is likely to cause the gear case to leak oil. 


The wheel-hub bolts should be tightened after 
the first 1,000 miles of running, and after that can be 
tightened every 5,000 miles. (Motor World.) 


WHEELS WITH OIL SEALS 


To clean (Fig. 55): Remove wheel from axle shaft. Now 
remove cap screws (H) which hold the outer wheel-bearing 
cage (A) and the inner wheel-bearing cage (B) in place. Pull 
out axle shaft (L), carrying with it the bearing cages, cones, 
and cups. This assembly is removed in one unit. Now place 
the axle shaft in a vise and remove the two short cap screws (C). 
The outer cage (A) and the inner cage (B) can now be taken 
apart. 

Adjustment of bearings: Add or subtract shims as the case 
may be, being careful not to get the bearings too tight. Proper 


adjustment is .005’ loose, or the thickness of the thinnest 
shim, Clean as on page 864. 
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INSTRUCTION No. 74 
BRAKES: Types; Care and Adjustments 


TYPES OF BRAKES 


There are two kinds of brakes generally used on 
automobiles: (1) the external brake; (2) the 
internal brake. 


The external brake is usually a contracting band 
brake consisting of a steel band, lined with an 
asbestos fabric that is placed around the circum- 
ference of the brake drum which is mounted on the 
rear wheel hubs, as shown in Fig. 1. 


Brake clip spring 
Brake band 
Brake lining 
Brake drum 


Lock nut for 
fine adjustment 


Brake band 
lever 


Fig. 1. The external contracting band brake. Note the 
brake-band lever which is connected with the foot pedal and 
draws or contracts the band around the brake drum. 


The operation of the external band brake is usually 
by means of the brake-band lever connected with the 
foot-brake pedal. There are different methods 
employed for connecting this lever, and although 
the construction may vary, the principle or purpose 
—of contracting the band around the brake drum— 
is the same. 


The internal brake is of two general types: (1) 
those using an expanding brake shoe (Fig. 2); (2) 
those using an expanding brake band (Fig. 3). 


Brake drum 
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spring 
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Fig. 2. An internal brake where metal brake shoes of 
hinged type are used. The shoe on this brake is lined with a 
fabric material, but sometimes we find this shoe without lining 
and made of metal, such as bronze. The brake shoes are 
caused to expand and tighten in the periphery of the brake 
drum by action of a cam connected with the hand-brake lever, 


The internal brake using brake shoes (Fig. 2) 
can be of plain metal, such as bronze, or of metal 
lined with fabric, and are usually hinged. 


Where metal-to-metal brakes are used, a con- 
stant and extravagant supply of oil is required to 
prevent excessive wear. ‘The inconvenience and 
uncertainty of lubrication, together with the cost 
of renewing the expensive brake shoes, renders this 
type of brake unsatisfactory. 


When the brake-shoe type is used, it is generally 
lined with an asbestos fabric, as shown in Fig. 2. 


Operation of the internal shoe type of brake is 
usually by means of a cam which is connected with 
the hand-brake lever, thus expanding the shoes 
inside of the drum when pressure is applied. 


The internal brake using an expanding brake 
band is shown in Fig. 3. 


Fig. 3. An internal brake using an expanding band which 
is expanded inside of the brake drum by action of a cam con- 
nected with the hand-brake lever. Observe also that the 
external band brake on the outside of the brake drum is 
operated by a lever similar in principle to that shown in Fig. 1, 
but of slightly different construction. 


The internal brake band is made of steel, lined 
with an asbestos-fabric brake lining. 


Operation of this internal brake band (Fig. 3) is 
by means of a cam acticn. The cam is connected 
with the hand-brake lever, and when the lever is 
operated, the cam separates the two ends of the 
brake band, causing it to expand, thus tightening 
itself in the inner side of the brake drum. 


Another method of operating the internal brake 
band is by means of a toggle joint action instead of a 
cam, as shown in Fig. 4. This method of operation 
is the method in general use. 
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Fig. 4. Note that the internal brake band is operated by a 
toggle joint instead of by a cam action, Also observe that the 
external brake is of the band type, and that the lever for 
operating the external band is similar in principle to that shown 


in Figs, 2 and 3, but of slightly different construction (Dodge 
brake). i 


It will thus be observed, that the external brake 


is of the contracting band type and is operated by a 
lever or fulcrum action. 


The internal brake is either a shoe or a band of 


the expanding type, and can be operated by a cam 
action or a toggle-joint action. 
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TYPES OF BRAKES 885 


With this in mind, the classification of almost 
any type of brake can be determined instantly. 


Brake Drums 


; Brake drums can be divided into two classifica- 
tions: (1) the single brake drum; (2) the double 
brake drum. 


On most makes of cars the brake drums are 
mounted on the inner part of the hubs of the rear 
wheels, and are single brake drums. There is 
usually an internal brake operating inside of the 
drum and the external brake operating on the 
outside of the brake drum. 


Fig. 5. The Locomobile double brake drum: 


(9) Adjusting bolt fore and aft 
(10) Distance rod 
(11) Hand-brake lever 
(12) Air space for cooling 
(13) Running brake bracket 


(1) Running brake drum 

(2) Hand-brake drum 

(3) Hand-brake shoe springs 

(4) Hand-brake shoe 

(5) Running brake band 

(6) Hand-brake actuating cam 

(7) Running brake bell lever 

(8) Adjusting wrench for 
brake band 


rear) 

(14) Running brake bracket 
(front) 

(15) Hand-brake shoe bracket 


On the Locomobile, for example (Fig. 5), note 
that there are two brake drums, termed a “double 
brake drum.” 


The double brake drum, as stated, has two drums 
(1) and (2) (Fig. 5). The foot-brake lever connects 
with the fulcrum lever (7) attached to the con- 
tracting band (5) operating on the outside of the 
drum (1). 

The hand-brake lever connects with lever Gap) 
which actuates a cam (6), thus expanding the brake 
shoe (4) on the inner side of the drum (2). 


Air space (12) between the drums keeps them 
comparatively cool and permits the use of one 
brake without the heating of the other drum. 


The hand adjusting screw (8) is provided for 
adjustment of the foot brakes. 


Mounting of brake drums: The brake drums are 
usually mounted on the hubs of the rear wheels. 


Four-Wheel Brakes 


This type has the advantage of equalizing the 
braking strain on the four wheels, eliminating 
skidding, and making possible quick stops at high 
speeds with a very smooth action. It also lengthens 
the life of tires, and the brakes are effective until 
the last bit of brake lining is gone. The four-wheel 
braking operation is usually operated on the 
hydraulic, mechanical, or on the air principle. The 
Packard single-eight and Rickenbacker use four- 
wheel brakes mechanically operated, using internal 
expanding shoes, cam actuated. Means are pro- 
vided at base of foot brake pedal to step up the 
motion of the brake pedal by means of a differential 
type equalizer on the Rickenbacker and a planetary 
type on the Packard. 


The Duesenberg car employs a hydraulic four- 
wheel brake for the foot brake, and a transmission 
brake for the hand brake. On this car, the brake 
drums on the four wheels are forgings 16’’ in diam- 
eter. 


In order to obtain a perfect braking surface, the 
drums are ground. Fins are machined on the outer 
edges to provide strength with lightness, and for 
radiating purposes. The four brakes are operated 
by hydraulic pressure. A master cylinder is con- 
nected to the brake pedal, and the liquid is forced 
through the lines running to the four wheels by a 
piston in the master cylinder. 


By the term “hydraulic” is meant liquid pressure. 
One of the fundamental laws of physics is that pres- 
sure exerted by a liquid or gas, is equal and undi- 
minished in all directions. Therefore, if we have a 
system of pipes all connected together and filled 
with a liquid, pressure exerted in any part of the 
system will be transmitted equally to all other 
points in the system. Founded on this principle, 
Duesenberg brakes are always equalized. Since 
air can be compressed and liquid cannot, we use 
liquid for the transmission of power or pressure. 

A small cylinder in each of the four brakes has a 
piston which is forced upward by the liquid entering 
the cylinder. The piston at the brake operates a 
toggle arm, which in turn expands the two brake 
shoes in each brake. All four of these brakes are 
operated simultaneously by the service brake pedal. 
An interesting feature of the brakes is that, owing 
to the floating arrangement of the piston and toggle, 
the brakes are self-centering and consequently 
self-equalizing. When the brakes are applied, they 
provide equal pressure against the drum. 


Water is used as the brake operating fluid in sum- 
mer time, and an anti-freeze solution in winter. 
The Christensen four-wheel air brake is used on fire appara- 


tus and commercial trucks of large size, manufactured by the 
Christensen Engineering Co., Milwaukee, Wis. 


LOCATION AND OPERATION OF BRAKES 


Most of the cars are fitted with rear-wheel brakes, 
and therefore we shall confine our attention to this 


type. 


The external brake is usually operated by a foot 
pedal, and is called the foot brake. 


The internal brake is usually operated by a hand 
lever, and is called the hand brake—formerly known 
as the emergency brake. See pages 12 and 13. 


Sometimes a brake pulley is mounted on the 
external part of the transmission shaft and connects 


with the hand lever. It is then called the trans- 
mission or propeller-shaft brake, but is usually 
operated by the hand lever. Therefore it would 
also be termed the hand brake. 


The band brake is the most popular type of brake 
for both internal and external use. 


Brake Connections 


The foot-brake pedal and hand-brake lever are 
usually connected with the internal and external 
brakes in the rear-wheel brake drums by means of 
rods, and sometimes by flexible wire cables. 
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Brake Rods 


Examples of how the connections are made with 
brake rods are shown in Figs. 6 and 7, 


BRAKE Ba 
>- PULL RODS 


\ HAND 
~ ADJUSTING TURNBUCKLE BRAKE LEVER 


INTERNAL BRAKE SHAFT 
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—“ADJUSTING THUMB SCREW 


FOOT BRAKE PEDAL 


INTERNAL BRAKE BAND. 
EXTERNAL BRAKE BAND 


Fig. 6. Brake connections where rods connect the foot- 
brake pedal and hand-brake lever with external and internal 
bands. The foot pedal operates the external brakes, and the 
hand lever operates the internal brakes. Note that an internal 
band brake with a toggle action is shown. 


Fig. 7. Brake connections where rods connect the foot- 
brake pedal and hand-brake lever with an external band and an 


internal brake shoe. The foot pedal operates the external 
brakes and the hand lever operates the internal brakes. Note 
that the clevises (14) are used for “distance’’ or “pedal 
and lever adjustments,’’ whereas the brake-band lever (15) is 
used for “‘brake-band clearance’’ adjustment. Note that the 
internal brake shoe has a “cam” action. 


1) Foot-brake pedal (11) Foot-brake forward rod 
{3 Hand-brake lever (12) Foot-brake equalizer 
(3) Hand-brake forward rod (13) Foot-brake rear rod 
(4) Brake shafts (14) Foot and hand-brake 
(5) Pull-back springs adjusting clevises 
(6) Hand-brake rear rod (15) Foot-brake band lever 
(7) Foot-brake adjustment 16) Foot-brake centering nut 
(8) Brake linings 17) Hand-brake operating cam 
(9) Hand-brake shoes 18) Anti-rattler springs 

(10) Brake drum 


The adjustment of the external contracting brake (Fig. 7), 
which is the foot brake, is similar to the adjustment explained 
on page 889 (Fig, 10). , 


is partly set, and that both lock at the same time with the 
wheels Jacked up. 


Adjustment is made at clevis (14A). 
are mounted on a tube within a tube. 
taches to the inner tube and operates the cam (17); 
(14B) is attached to the outer tube and operates the external 
brake lever (15). When the brake lever is released there 
should be no dragging of the brake shoes on the drum. 


DYKE’S INSTRUCTION No. 74 


Brake Cables 


The Lexington series “S”’ car is an example where 
a flexible-wire brake cable is used instead of rods. 


On this car both the hand and foot brakes are 
unusual in their construction. 


The hand brake operates upon a drum located on 
the rear of the transmission. 


The foot brakes are on 16’’-diameter-brake drums 
attached to the rear wheels and in the form of con- 
tracting bands. The band brake is operated 
through a spring-tensioning device, so that it is pos- 
sible to bring the car to a stop with very light pres- 
sure. The foot brakes are operated by a cable 
guided to each rear wheel by a heavy tube attached 
to the frame (see Fig. 8). 


STEEL CABLE 


FLEXIABLE 
HOUS]NG 


Fig. 8. Principle of the brake operation on the Lexington 
“S”: A steel cable is connected to one lever passed around a 
grooved pulley attached to a pedal arm and back to a lever on 
the opposite drum, making the best form of equalizer. Over 
this cable is a flexible housing of closely wound steel wire, 
covered with a weather-proof material to keep out mud and 
water. 


_ The rear ends of the housing are anchored to the axle; the 
forward ends are anchored to the frame near the pedal. Since 
the housing is practically noncompressible, it is evident that 


The inner and outer members being flexible, any movement 
of the axle resulting from road conditions is not transferred 
to the pedal. 


A simple serew and lock nut serves to take up any slack in 
the cable resulting from wear of the lining. any great 
amount of wear in the lining causes too much pedal travel, 
by setting up the brake-lever stop screws at the rear drums as 
close as they will go without causing the bands to drag, and 
then taking up the slack in the cable at the pedal end, the brakes 
can be kept in first-class condition until the lining is worn out. 


A little engine oil squirted into the housing at the front end 
every few weeks will keep the cable free. 


CARE AND ADJUSTMENT OF BRAKES 


As the safety of a car depends on its brakes, they 
must be kept in the best possible condition. They 
should bind tightly when pressure is applied to them, 
and be free and clear when the pedal or lever is 
released. A brake band or shoe that binds when 
the pressure is released produces friction, and makes 
the car hard-running. 


A common brake trouble is slipping, generally 
the result of oil or grease working out of the rear axle, 
It is also caused by poor adjustment, or worn linings. 
Therefore the first and most important precaution 
is to stop any leak by putting in a washer, Poor 
adjustment may be cured by readjustment. 


Tn the case of oil or grease working between the 
surface, clean the brake lining by washing out the 
oil with a little gasoline or kerosene, applied with an 
oil gun, and then stop the leakage of grease out of 
the rear axle. This is usually done by the replace- 
ment of a felt washer (or “grease retainer” washer. 
See “Studebaker axle,” page 875) on the inside of 
thehub. The excess oil is generally due to too much 


oil in the differential casing, which works out into 
the brake drums. 


Slipping caused by worn linings may be remedied 
to some extent by taking up the adjustment, but if it 
is too much worn for this, they must be replaced. 
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Replacing the worn lining is not difficult, as the 
praise lining is held to the steel band by copper 
rivets. 


Because the application of the brake generates 
heat, leather linings would be burned if kept in con- 
tact too long. For this reason, the brakes are 
usually lined with fabric, called Raybestos, Multi- 
bestos, or Thermoid. 


If, when applying the brakes, the car has a tend- 
ency to skid to one side, this indicates that one 
wheel is free and the other dragging. In such a case 
the brakes are not equalized in adjustment. There- 
fore the brake resistance should be equalized. 


The operator can save considerably by applying 
his brakes gradually. For instance, if a stop is to be 
made, instead of dashing up to the stop and applying 
the brakes with full force suddenly, simply coast 
to the stop and apply the brakes gradually, or even 
not at all. This of course, requires practice. 


If a brake squeaks, it is dirty and dry, and needs 
cleaning by removing and cleaning with a stiff 
brush and gasoline. The dirt clogs the pores in 
the surface of the lining and glazes it over, which 
causes the squeak. Brake squeaks are also caused 
by improper clearance or high points between the 
brake drum and the brake band. 


Brake drag is usually due to insufficient strength 
of the releasing mechanism, such as the springs; or 
the connections may be adjusted too tight, or there 
may be insufficient clearance at the bands. 


Lubrication of brakes: While asbestos lining 
requires practically no lubrication on account of its 
high resistance to heat, it is advisable to apply a 
few drops of thin oil to the brake shoes or bands 
occasionally, or about every 2,00C miles. This 
maintains a smooth surface on the brake drum. 


See that the hinges, cams, toggles, and lever bear- 
ing are kept well supplied with oil. If an external 
contracting brake should chatter, apply three or 
four drops of oil to the friction surfaces. If this 
does not relieve the “chattering,” look to the ‘“‘clear- 
ance” of the lower part of the external brake band, 
or to looseness in the parts of the internal brake 
mechanism. 


Inspection of Brakes Before Adjustment 


Points to consider when starting to make adjust- 
ments of the brake mechanisms are: Do the brakes 
merely need adjustment, ordo they need an overhaul- 
ing? If a car has been run for a long time, it 1s 
advisable to make an inspection as follows. 


1. Inspect the bearings in the rear wheel hubs, to 
see if they are in good condition. If the bearings 
are loose or worn, this will. make a difference in 
the adjustment of the brakes, especially when 
adjustment is made with the car jacked up an? 
when it is made with the car on the ground under 
its weight. The adjustment can be tested by 
grasping the wheel on each side of the car, when 
jacked up, and “feeling” for looseness. 

2. Inspect the rear wheels to see if they are out of 
line. If they are, it is probably the result of 
having skidded against the curb and having 
slightly bent the axle shaft or having thrown the 
wheel out of line. This. will affect the brake 
adjustment. Test by spinning the wheel when 
the car is jacked up. 

3. Inspect the parts of the brake mechanism to see 
if they are loose; if so, tighten. 


4. Inspect the joints and parts to see whether they 
BS rusted or caked with dirt and grease; if so, 
clean. 


5. Inspect the brake linings to see if they are coated 
with oil or grease; if so, clean with gasoline or 
kerosene, by removing the wheels with the 
drums. Find the cause of the grease or oil being 
on the brakes, and remedy it. 


6. Inspect the brake linings to see if they are worn. 
If slightly worn, “clearance adjustment” will 
take care of the difficulty. If badly worn, a new 
lining will be needed. Also see if the linmg has 
worn down to such an extent that the rivets have 
cut the brake drum; if so, the wheel must be 
removed and the brake drum smoothed down 
with emery cloth, or, in bad cases, the brake 
drum must be turned true, and even perhaps on a 
lathe. If the band is not entirely worn down, 
the brake band can be adjusted for clearance. 


Testing the Brake Action 


After the conditions enumerated above are 
attended to, and the parts are cleaned, replace the 
ee and proceed to test the brake action as 
ollows: 


1. Jack up the rear axle, with the brakes in a com- 
plete “‘off” position. Note the clearance of the 
internal bands around the drum, which should 
be uniform and about 1/64”. On the external 
band, this will extend to within only about 3” 
or 4” of the end of the band, where the clearance 
will be greater. 

2. To test the internal brake band for clearance, 
use a thin piece of metal, inserting this between 
the drum and the band from the inner side of 
the brake support. 


For a more elaborate and sure test, both for hold- 
ing power and, what is equally important, the equal 
action (termed ‘equalizing action”’) of the right and 
left brake bands, proceed as follows: 


1. Block the front wheels securely to prevent the car 

moving forward or back. 

2. Jack up the rear wheels until they are entirely 

clear from floor. 

3 Put all brakes on both sides in complete “off” 

position. 

4. Start the engine, run it slowly, and transmit the 
power to the rear wheels, as when driving in low 
gear. 

. Engage the brakes carefully and lightly, and note 
the action of the wheels, which will show clearly 
any inequality between the right and left adjust- 
ment. Both brakes should stop at the same time 
when the brakes are applied. 


Or 


On some cars without equalizers the adjustment 
is made by lengthening or shortening the brake rods, 
by screwing off or on the yoke ends which connect 
to the brake cams. 


Some cars are fitted with brakes in which the 
adjustment is made by varying the position of the 
prake-operating lever and slotted clevis on the brake 
cam shaft. Usually there is a hand adjustment on 
the contracting brake. 


Sometimes all the overhauling the brakes need 
is a cleaning out of the drums with kerosene, apply- 
ing a little also on the brake linings. If grease or 
oil works its way to the brakes, either too much is 
being carried in the differential, or the felt, washers 

in the axle need replacing.. Brake lining is expen- 
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sive, and very often the old material will serve, if 
properly handled, with kerosene and a little oil to 
‘raise the fiber. 


When going over the brake system, be sure to 
inspect the clevis pins, etc., for wear (see Fig. 7, page 
886). These parts frequently are overlooked, and 
the result is an unpleasant rattle on the road. Oil 
should be applied to the joint. 


Average Brake Adjustments 


There are three adjustments to be considered 
when adjusting brakes: (1) brake-rod adjustment; 
(2) brake-pedal and lever adjustment; (3) brake- 
band clearance adjustment. 


Brake-Rod Adjustment 


The first adjustment of brakes should always be 
made in the brake rods rather than in the brake it- 
self. Tighten up on these rods so as to get the 
proper travel in the brake pedal or hand lever. 
The adjustment of the brake pedal and hand lever 
is thus made through the rods, by seeing that the 
foot-brake pedal and hand-brake lever are in “off” 
position and the rods adjusted so that there is no 
binding. This can be tested by jacking up the 
wheels and observing if there is a drag. Adjust- 
ment can be made by a threaded adjustment at the 
front end of the rod, by screwing in one direction to 
lengthen and in the opposite direction to shorten 
the pull. The lever (see 15, Fig. 7) on the external 
brake should be in toward the band, in order to 
allow for full leverage. 


Dragging of the brakes may be caused by too 
short an adjustment of the rods. 


Before adjusting the brake bands, see that the 
pull-back springs are operating properly and 
lengthen the rods. 


If the brakes will not hold, be certain that the 
brake lining has not become saturated with oil or 
grease; wash them off thoroughly with gasoline or 
kerosene if necessary. 


When the proper brake action cannot be obtained 
by further adjustment of the brake rods, then ad- 
just the brakes themselves. 


Adjustments of External Brakes 


Usually, ordinary external brake adjustment for 
clearance is all that is required, and this can be 
done without removing the wheel, 


Clearance adjustment of the external brakes is 
very Important. If the band touches the brakes at 
different points of its circumference, the brake will 
drag at that point, which of course consumes extra 
power and causes wear on the lining. The purpose 
of adjusting this clearance is to relieve the drag, or 
to take up on an excess of clearance due to wear of 
the lining. 


The proper clearance on most brakes is about 
1/64” to 1/16” all round. Usually this clearance 
can be taken up as follows: 


1. or eens the lever, as at (A) (Fig. 10, page 


2. By adjusting the rear clearance of the band, as at 
(D) (Fig. 10, page 889). 

3. By adjusting the lower half of the band for clear- 
ance, as at (E) and (F) (Fig. 10, page 889); 

4. By adjusting the upper half of the band for 
clearance, as at (G) (Fig. 10, page 889). 
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This is ordinarily sufficient. 


The top half of the brake is usually given slightly 
more clearance than the bottom, because the drum, 
revolving in a forward direction, has a tendency 
to draw the top half of the band to the drum. 


A thickness gauge is handy to place between the 
brake lining and the drum when adjusting clearance. 


The foot brake requires more adjustment, because 
it is used most. The hand brake is mostly used 
for locking the wheels when standing and at inter- 
vals in conjunction with the foot brake on steep 
hills; therefore it requires less attention. 


After adjusting the brakes, notice if the wheels 
turn freely when the foot-brake pedal and hand- 
brake lever are in the ‘‘off”’ position. 


If the wheels do not turn freely, or if they drag, 
the brakes are adjusted too tightly. 


After adjusting the brakes, while the wheels are 
jacked up, then test and readjust. 


Many repairmen, with the wheels on the ground, 
and after making adjustment, move the car back- 
ward and forward to see if the band drags. If this 
is done, be sure that both brakes are adjusted 
equally, as sometimes the weight of the car on the 
wheels will alter the adjustment. 


Adjustments of Internal Brakes 


The internal brakes are of the “toggle’’-acting 
type or of the “cam”-actuated type, as previously 
explained. 


As an example of adjusting clearance in the 
“toggle’’-acting type of internal band brake, see 
Figs. 11 and 12, page 890. In order to make this 
adjustment, it is necessary to remove the rear 
wheels. Refer to page 889, and note the adjust- 
ments as there explained. See also, Figs. 17 and 
18, pages 891 and 892. 


As an example of adjusting clearance in the 
“cam’’-acting type of internal brake, see Fig. 14, 
page 890, also Figs. 19 and 9, pages 892, 889. 


Ordinarily, the only adjustment required for the 
internal brake is to adjust the pull rods or clevis. 


If the brakes seem to be too tight after the car 
has just been washed, it is due to the fact that the 
brake lining, which is composed of a combination of 
closely woven wire and asbestos, has swelled 
slightly from the water. Ina very short time this 
condition will disappear. 


In adjusting the brake bands, be sure to take up 
the same amount on both right and left-hand brakes. 
If care is not exercised in making the adjustment, 
one brake may set before the other, thus destroying 
the braking effect and causing one wheel to lock 
and slide over the ground, wearing off the tread of 
the tire very rapidly. Also be careful not to set 
the bands up so tightly that they drag and will not 
release when the foot is removed from the pedal. 


Stopping Car at Various Speeds 


The average distances in which a car should be 
stopped by the brakes at various speeds on average 
and on good roads, are approximately as follows: 
15 m.p.h., 20 ft.; 20 m.p.h., 38 ft.; 30 m.p.h.; 85 ft.; 
40 m.p.h., 160 ft.; 50 m.p.h., 240 ft. set 
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THE STUDEBAKER “LIGHT SIX’? BRAKE ADJUSTMENTS (AS AN EXAMPLE) 


The foot brake, also termed the service brake, 
contracts on the brake drum. The hand brake, 
also termed the emergency brake, expands against 
inside of the brake drum. By studying Fig. 9, the 
tunctions of these brakes will be understood. Both 
brake bands are faced with brake linings. 


The adjustment for clearance of the external 
brake band (B) is made at the nut (C) below the 
spring for clearance of the lower half of the brake 
band, and by nut (D) for the clearance of the upper 
half of the brake band. 


The adjusting screws (E) and (F) are additional 
adjustments for procuring an even spacing or clear- 
ance all around the circumference of thedrum. This 
clearance should be about 1/32’, or not over 1/16”. 


The internal brake is operated by a cam (H) 
which expands a steel band lined with brake lining. 
The usual adjustment is made by shortening the 
brake rod at the turnbuckle. 


The spring (S) serves two purposes: The adjust- 
ment nuts are locked by the spring and at the same 
time, it helps release the band when the pressure is 
taken off the brake lever. 


Fig. 9. The brake as used on the Studebaker ‘‘Light-Six’”’ 
car. Note that a lever (L) termed a ‘“‘brake-bell crank,” 
connects with the external contracting band (B). This lever 
(L) is connected with the foot-brake pedal through the clevises 
and brake rods. 


THE TIMKEN BRAKE ADJUSTMENTS 


The adjustments described in what follows are 
of the brakes as used on the Timken semi-floating 
or fixed hub type of axles, and on the full-floating 
axle as shown on pages 865, 866. 


The external brake (Fig. 1C) is the type used on 
both, but the internal brake is of two types, shown 
in Figs. 11 and 12. The one shown in Fig. 11 is the 
type used on the semi-floating, or fixed-hub axles, 
and the one shown in Fig. 12 is the ‘“‘toggle’’-operated 
expanding band type of internal brake used on 
the full-floating axles. 


The internal brake shown in Fig. 14 is the “cam’’- 
operated expanding band type of internal brake 
formerly used. 


A later type of Timken brake is shown in Fig. 16. 


External Brake Adjustments (Timken) 


To adjust the external brakes, jack up both rear 
wheels, and put the brakes in the complete “‘off” 
position. 

Adjust the stop screw (B) (Fig. 10) so as to 
allow the lever (A) to come down as far as possible 
and still have a clearance of about 1/16” with the 
operating mechanism. 


Now remove the cotter pin (C) and turn the ad- 
justing screw (D) until the clearance between the 
rake lining and the drum at this point (rear) is not 
more than 1/32’. Be sure that the brake drum 
clears at all points; if necessary turn the adjusting 
screw out slightly. Replace the cotter pin. 


Now adjust the lower half of the band by turning 
nuts (E) and (F) until about 1/32” clearance is 
obtained at this point also. 


After locking these nuts firmly, make a similar 
adjustment of the upper half by turning nut (G). 
Be sure that this nut is properly. seated in the 
groove into which it fits, thus locking the adjust- 
ment. 

When these adjustments are complete, there 
should be a maximum clearance between the brake 
lining and the drum of about 1/32” at all points, but 
they should not be in contact at any place. Read- 
just until this condition is obtained. 


Fig. 10. External band brake (Timken). 


Internal Brake Adjustments: Timken 
Toggle Type 


In order to adjust the internal brake, it is neces- 
sary to remove the rear wheel, carrying with it the 
brake drum. Jack up both rear wheels, put the 
brakes in the complete “off”? position, and remove 
the wheels. 


To adjust the fixed-hub type of axle brake (see 
Fig. 11): First remove the cotter pin (A) and 
tighten up adjusting screw (B) until a maximum 
clearance of 1/32” is obtained between the brake 
lining and the drum at this point. This clearance 
should be the least possible amount—only enough 
so that the drum will not rub at any point when 
revolved. 


Having obtained the proper clearance, replace the 
cotter pin (A). Next remove the head pin (D) and 
disengage screw (E), freeing both ends of the brake 


band. 
Adjust the four set screws (F) to give the least 


possible clearance between the brake lining and 
the drum—1/32” should be the maximum. 
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Fig. 11. Internal toggle type of brake (Timken), as used on the fixed hub or semi-floating axle, as discussed on page 865. 
Fig. 12. Internal toggle type of brake (Timken), as used on the full-floating type of axle, as discussed on page 865. 


When this adjustment has been made, be certain 
that each set screw is firmly locked with the lock 
nut. 


Now adjust the screw (E) to give not over 1/32” 
clearance between the lining and the drum at the 
two ends of the band and replace the pin (D). 


After making all these adjustments, there should 
be a maximum clearance all around the drum of 
1/32”—if not, readjust until this result is obtained. 


To adjust the internal brake on the full-floating 
type of axle, see Fig. 12. 


Adjustment is made in a similar manner. Some 
of these axles are provided with a triangular plate 
in the brake drum which can be removed for adjust- 
ing the brake. In this case it is not necessary to 
take off the wheel. 


Adjust the screw (B) to give the proper clearance 
at this point; obtain the correct clearance over the 
rest of the brake band by adjustment of screws (D) 
after loosening the clamp bolt (C), 


After making these adjustments, be sure that 
the cotter pin (A) has been replaced and that the 
clamp bolt (C) has been tightened up firmly. 


Now loosen the clamp bolts (E) and adjust screws 
(F) until the forward edge of head-pin (G) is in line 
with the rear edges of pins (HH). Tighten up bolts 
(E) and replace the wheel. 


In replacing the wheel on the full-floating type of 
axle, be sure that you get a correct bearing adjust- 
ment as described on page 864 under “Wheel bear- 
ings. 


Dummy Drum for Adjusting the Internal 

rs ts Brake lag 

In garages or service stations when internal brake 
adjustments are frequently made, a dummy drum 
(Fig. 13) can be used to advantage. The same 
result can be obtained by a “cut-and-try” method, 
removing and replacing the wheel several times, but 
the use of a dummy will prove a great time.saver, . 
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Fig. 18. Dummy drum which can be obtained of the 
Timken-Detroit Axle Co., Detroit, Mich. 


Internal Brake Adjustments: Timken 
Cam Type 


Adjustment of the Timken-cam type of internal 
brake: A cam type of internal brake has been used 
on several axles formerly produced (see Fig. 14), 


Fig. 14. Timken cam actuated internal. brake, 
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To adjust this brake for slight wear of the brake- 
band lining, this can ordinarily be taken up satis- 
factorily without getting into the brake proper. 


This is done by loosening nut (Q) (Fig. 15) and 
moving lever (J) forward one notch in ratchet (K), 
and then tightening nut (Q). Perhaps two notches 
forward may be required. 


Fig 15 


For more band-lining wéar than can be taken up 
by this method, put jacks under the rear axles, being 
careful to have them press up against the housing 
proper (or, on some Timken axles, against the pads 
made for this purpose), but never against the truss 
rods. Raise both rear wheels off the ground. 


Next, put all the brakes on both sides of the axle 
in a complete ‘“‘off”’ position. 


Now, if the adjustment is merely to take up for 
wear of the brake lining in service, it is necessary 
caly to (1) remove the wheel which also removes the 
forake drum; (2) remove the cotter pin (B), give 
gerew (A) two turns to the right (i.e., in a clockwise 
direction), and replace pin (B); (3) loosen screws 
(C,C) give cam plates (D,D) one half-turn outward 
(i.e., to the left or counter-clockwise), and tighten 
screws (C,C). 


Put the wheel back on and try the brake in the 
“off”? position for a bare yet sure clearance, so that 
it will not drag. Try it in the “on” position for 
holding power. 


If greater clearance is required, remove the wheel 
ae partially reverse the adjustments detailed just 
above. 


If still more holding power is desired and there is 
some clearance yet to spare in the “off” position, 
remove the wheel and repeat the adjustments to a 
partial extent. 


Timken Types ‘5510 and ‘‘5710”’ of Brake 


Both the external and internal brakes on the 1922 
series axles’ are the same as those made on the 
corresponding axles of the former series, except 
on the new series 5510” and ‘5710” for heavy cars. 


On these axles the internal brake is of a new type, 
as shown in Fig. 16, and requires no adjustment 
beyond that which can be obtained in the brake-pull 
rods. 


The adjustment of the external brake is similar to 
that explained on page 889. 


Fig. 16. Timken types “5510” and “5710” of brake—1922 
series. 


ADJUSTMENT OF BRAKES OF COLUMBIA REAR AXLE 


External Brake Adjustment on Models **10000,”” 
*30000,7" **50000”’ and ‘*51000”" Columbia 
Rear-Axle Brakes 


To adjust the external brakes on these models, 
jack up both rear wheels, and put the brakes in the 
complete “‘off”’ position with lever (A) back against 
stop (B). 


Lever adjustment: Lever (A) must set back 
against stop (B)—lengthen pull rods if necessary 
to get this condition. 


Rear clearance adjustment: Remove cotter pin 
(C) and lock (E), and turn adjusting screw (D) until 
the clearance between the brake lining and the drum 


at this point does not exceed 1/32”. Make sure : 


that the drum clears at all points. 


Lower half of band clearance adjustment: 
Replace lock (E) and cotter pin (C); next, adjust 
the lower half of the band by turning nuts (F) 
and (G) until the lining clears the drum evenly all 
around, not to exceed 1/32’; then lock nuts (F) 


and (G). 


Adjust the upper half of the band by turning nut 
(H) until the lining clears the drum evenly all 
around, not to exceed 1/32’, 


Fig. 17. External brake as used on the Columbia rear axles 
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Be sure that nut (H) is properly seated in the 
groove into which it fits, as this locks the adjustment. 


When these adjustments are made, there should 
be a maximum clearance of 1/32” between the brake 
lining and the drum at all points. The lining must 
not touch the drum at any place. Readjust until this 
condition is obtained, and test with a thickness gauge. 


Internal Brake Adjustments on Models 
**50000,”’ and ‘51000’? Columbia Rear- 
Axle Brakes 


To adjust the internal brakes on these models 
which are of the “toggle-acting type,” and are pro- 
vided with adjustment at four points proceed as 
follows: 


As a time saver, and to get the best results in 
adjusting this type of brake, a dummy drum should 
be used. The openings in the drum permit a view 
of the parts to be adjusted, insuring a much closer 
and more accurate adjustment than could be 
obtained without its use. 


Fig. 18, Internal ‘‘toggle joint actuated” type of brake as 
used on the Columbia rear axles. 


First, remove the rear wheels; then adjust the 
pull rods until the brake-shaft lever on the axle to 
which these rods connect is set back at same angle 
as external brake-tube levers when contracting lever 
(A) is back against stop (B) (see Fig. 17 and instruc- 
tions for external brake adjustment above). 


Next, remove cotter pin (A) and lock (B) (Fig. 
18). Put on the dummy drum, bringing the open- 
ing in the drum directly over adjusting screw (@); 
turn adjusting screw (C) until the clearance between 
the brake lining and the drum at this point does not 
exceed 1/32’, or the least possible amount obtain- 
able, so that the drum will not rub at any point when 
revolved. Having obtained the proper clearance, 
replace lock (B) and cotter pin (A). 


Next, bring the openings in the drum directly over 
the internal brake supports (D). These supports 
have a small projection that fits into slots in the 
brake band. Be ‘sure these are in place. Loosen 
the nuts on bolts (E) just enough to allow supports 
(D) to move freely. Adjust supports (D) so that 
the clearance between the brake lining and the 
drum does not exceed 1/32’, or the least possible 
amount that can be obtained, so that the drum will 
not rub the band at any point when the drum is 
revolved. In adjusting supports (D), use a bar 


as a lever for ing, working through the opening 
in the drum; einaee bar resting on the drum-catch 
support, with the end of the bar at (F), move sup- 
ports (D) upordown. This action moves the brake 
band until the proper clearance is obtained. Then 
hold the supports in place until the nuts on the 
outside of bolts (E) are drawn up tight, and remove 
the drum to see that it turns freely and that the clear- 
ance between the brake lining and the drum is the 
same allaround. Clearance must not exceed 1/32”. 


To get the proper clearance at the points, remove 
pin (G) and adjust screw (H) until a maximum 
clearance of 1/32” is obtained; then replace pin (G). 


After adjusting point (H), always check supports 
(D), making sure that this adjustment has not 
moved the band away from supports (D). If these 
supports do not set up tight to the band, readjust 
supports (D). After making all these adjustments 
there should be a maximum clearance all the way 
around the drum of 1/32”; if not, adjust until this 
result is obtained. 


Important: Never adjust the pull rods without 
afterwards adjusting supports (D), as the adjusting 
of the pull rods pulls the band away from supports 
(D) causing rattles and also wear of the supports. 
To eliminate rattles, adjust supports (D) up tight 
to the band in release position. 


In adjusting the brakes a thickness gauge should 
be used to measure the proper clearance between 
the brake lining and the drum. Dummy drums can 
be secured for models “10000,” “30000,”’ 50000,” 
and “51000” from The Columbia Axle Co., Cleve- 
land, pene Thermoid brake lining 21" in width 
is used. 


Internal Brake Adjustment on Models “10000” 
and ‘30000’? Columbia Rear-Axle Brakes 


The internal brakes on these models are the “‘cam- 
operated type,” and only one adjustment for “clear- 
ance” is provided. See Fig. 19. 


Fig. 19. Internal “cam-actuated” type brake, as used on 
Columbia rear axles, 


oe neue oe cotter pin 
and turn the adjusting screw (C) until the clear 
between the brake lini ‘taint 
does not exceed WisQue 


Adjustment for wear, which is the only adjust- 
ment usually required, is made by shortening the 
pull rods from the cam lever forward to the chassis. 
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ADJUSTING DODGE BRAKES 


The external brake is connected with the foot- 
brake pedal. Adjust the hexagon check-nuts on 
the lower part of the adjusting yoke (see Fig. 4, 
page 884) as well as the wing nut (W) at the top, in 
order that the band may be taken up as much at 
the bottom as at the top. 


See that the “brake-supports’” are adjusted so 
that the brake band takes hold evenly all the way 
around, and does not drag when released. 


To adjust the internal brakes, take up on the front 
end of the pull rod. 
Relining Brakes on Dodge 


Material required for a Dodge brake relining job: 
88” lining 214” x 3/16” for the two external brakes; 


71” lining 2” x 3/16” for two internal brakes; 12 
steel cotter pins 3/32’ x 34’’; 80 brass rivets 9/16’ 
long, 144”’ diameter, 14” head. 


Hither 3/16” or 4” brake lining can be used. On 
repair jobs 14” is often used. 


Operation: (1) Jack up the rear wheels; (2) 
remove the wheel flanges; (3) remove the wheel- 
bearing adjusting nut; (4) remove the wheel and 
brake band; (5) wash the brake bands; (6) remove 
the old brake lining; (7) rivet the new lining bands; 
(8) replace the brake bands; (9) put the wheel on; 
(10) replace and adjust the wheel-bearing adjusting 
nut; (11) replace wheel flanges; (12) adjust brakes. 


Note: It is now necessary to use a wheel puller to remove 
rear wheels on the later type of Dodge axle. 


OVERHAULING BRAKES 


There are three things which must be particularly 
noticed in taking care of brakes and putting them 
in condition: 


1. There must be no grease on the shoes. 
2. The fabric must be in the best of condition. 


3. The brake linkage must apply the brakes when 
the pedal is depressed. 


The grease which penetrates to the brake lining 
usually works its way from the differential, and can 
be stopped by renewing the washer in the wheel hub. 


To remove grease, first remove the wheel, then 
inspect the brake lining and see if it comes under 
the condition mentioned in No. 1 or No. 2 in the list 
above. 


If a coating of grease is over the surface of the 
fabric, there will be two methods of procedure. 
The first method for removing grease is by the appli- 
cation of gasoline. This removes the grease from 
the outer surface very well, but not from below the 
surface of the fabric. A blow-pipe torch can be 
used in this instance, which can be gently applied as 
shown in Fig. 20, this page, care being taken not to 
char the fabric. 


Fig. 20. Removing grease from under fabric brake lining 
on a two-piece internal expanding brake shoe. 


After the heat has been directed against the surface of the 


brake for a short length of time, it will be noted that the grease. 


will literally fry out of the fabric, leaving it upon the surface 
in the form of a black carbonaceous deposit. In this state it is 
readily removed by a cloth steeped in gasoline. _The surface 
of the brake will now be in good condition if the lining has not 
been worn out. 


If the brake lining is badly worn down, so far that 
the fabric lining is too thin to be of service, a new 
brake lining must be applied. 


If the brake lining has worn down to the rivet 
heads, it should be renewed, unless the rivets can 
be sunk lower by a round-nosed punch, the other 
end of the rivet being placed over a small hole in a 


piece of metal on an anvil or vise. Then the rivets 


can be set up tighter. 


Relining External Contracting Brake Bands 


To reline the external brake: First, jack up the 
rear wheels. Disconnect the levers, etc., from the 
brake bands and remove the wheels and bands, being 
careful to keep all parts separate, so that they can 
be replaced with ease. 


Second, wash all parts in gasoline or kerosene to 
remove the grease and dirt. 


Third, remove the old brake lining, by placing the 
band in a vise and cut the rivets with a chisel (Fig. 
21); then open up the bench vise about 14”, setting 
the bands so that the old rivets come over the open- 


Fig. 21 


Fig. 22 


Fig. 23 


Hig. 21. Method of cutting rivets on worn band. 


Fig. 22. Punch the cut rivets out. 


Fig. 23. Method of determining length of lining for an 
external contracting band type of brake. 


ing one at a time. Drive them out with a nail set 
(Fig. 22). As the heads will most likely be worn 
off, it is easier to drive them from the lining side 
through to the band side. The old lining can then 
be easily removed from the band. 


Fourth, measuring brake lining:' It is best to 
secure the lining from the automobile dealer or 
manufacturer ready to apply, but if this is not 
possible, then proceed as follows: Place it inside 
the band (Fig. 23), holding it firmly against the 
band and cut the lining from 14” to 34” longer than 
the band, depending upon the diameter of the band. 


Fifth, rivet one end flush with band (Fig, 24-1) 
after having countersunk a hole in the lining for 
the rivet. 


1 Most accessory dealers possess data books of brake-lining 
measurements from early to late model cars. See also Index, 
under ‘‘Brake-Lining Sizes.” The Raybestos Co., Bridgeport, 
Conn., supplies brake service material and supplies. 
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Sixth, place lining firmly in band all around, which 
should leave a projection of about 34” at other end 
2, Fig. 24). Seventh, make a loop in middle 
Rie 24), so end (2) of lining will come flush with 
end of metal band, then countersink lining and 
rivet this end. 


SLNING . 
SX_BAND 


Figs. 24, 25. 


Lining external contracting brake band. 


Eighth, force lining straight against band with 
hammer (Fig. 25). Ninth, place band over a block 
of wood or vise and use holes in band as a template. 
Drill holes for the rivets. It is important that the 
holes be in the correct position. Tenth, countersink 
holes so that the rivet heads will be below surface of 
lining. Use a countersinking tool (Fig. 26). 

A 34” metal drill can be used. Do not countersink too deep, 
but just enough to permit rivet head to be below lining surface. 


(The solid or tubular copper rivet is used in this example; 
see Fig. 31.) 


Fig. 26. A brake lining counter-sink for flat-head solid or 
tubular rivets AG 4 wand 113/30" Dita device will 
countersink holes in any style of brake or clutch lining. The 
shank is 5/16” in diameter, and works on a hand or power drill. 
(Stevens Co., 375 Broadway, New York.) 


Eleventh, place copper rivets through lining so 
head of rivet will rest in countersunk hole in lining. 
See “Riveting Brake-Band Lining.” Twelfth, round 
up with the brake drum and reassemble. 


Relining Internal Expanding Brake Bands 


Follow “First, Second, and Third” procedures 
under “Relining External Brake Bands.” Fourth, 
pipes lining around band (Fig. 27) and cut lining 
ength of band. Fifth, place lining on metal band 
(ends flush). Hold in place with a “C” screw clamp 
at each end; then mark holes from inside of band. 
Sixth, remove lining; drill and countersink holes. 
Seventh, place lining on band (Fig.27) and start rivet- 
ing at one end and follow around to the other end. 
Eighth, round band up with drum and reassemble. 
LINING PLACED ON OUT- LINING PLACED 


NY H|NGE ON OUTSIDE 
: _ OF BRAKE 
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Relining Internal Expanding Brake; 
Two-Piece Shoe Type 


Procedure (see internal expanding brake shoes in Fig. 27A): 
Use brake lining longer than necessary for complete job. 
Rivet one end flush with one end of brake shoe, Insert free 
end of lining in vise. Rest other end of brake shoe against 
vise and press down, thus stretching brake lining tight over 
shoe band. Drill holes, countersink and rivet around the 
shoe, and cut off surplus brake lining. If the brake is of the 
metal-to-metal type, it is a matter of adjustment, no lining 
being used. 


Riveting Brake Band Lining 


Do not clinch the rivets against the brake drum. 
Drill and countersink the rivet head into the lining. 


To place the rivets, see Fig. 27B. This shows a 
way of using a bolt held in a vise with the head of bolt 
resting on the arm of vise to give a solid foundation. 


EXTERNAL 
BRAKE 


Fig. 27B. One method of riveting. Note that the illustra- 
tion shows the internal brake curved up and the external brake 
curved down. The rivet head goes next to the fabric, and the 
riveting is always done on the band side. 


Insert a rivet through the lining and band, as 
shown, the head of the rivet resting on the bolt. 
Draw rivet snug with a rivet set, or a short piece of 
small gas pipe. Two or three blows with a hammer 
will be enough to draw the rivet head and the lining 
tight and in place. Too much pounding will tend to 
draw the rivet deeper in the lining and perhaps 
weaken it to the point of breaking through. 


To rivet: Holding the band in the same position, 
the projecting end of the rivet is peened down with 
the ball peen of hammer till a good head is formed 
and the rivet draws tight. 


Brake Lining! 

Most of the brakes now in use are fitted externally 
and internally with steel bands faced with a fabric 
lining. There are several good brands of brake 
lining on the market, for instance, Raybestos, 
Multibestos, Thermoid, ete. 


Fig. 27C. Fabric brake lining. Fig. 28 Fig. 29 Fig. 30 


The sizes are usually measured in thickness and width, and 
are sold at so much per foot, : 


The thicknesses run #,", sy’, 4", and #4’, 
run from 1’, 134”, 116”, 134”, on up to 6” wide, 
uses 1 14’’x,,’", 


The widths 
The Ford 


1 See Index under “Brake-Lining Sizes,’ as used on various 
cars, 
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Brake Lining Rivets 


The rivets are made of solid copper (Fig. 28), 
without burrs, or are made of tubular brass (Vig. 29) 
(hollow rivet), which are used on the Dodge and 
Maxwell cars, or are a clinch or split rivet (Fig. 30), 
as used on the Ford. 


Solid Rivets and Split Rivets—How Used 


When solid or tubular rivets are used, the head 
of the rivet is placed next to the brake lining fabric 
and is countersunk into it, and the rivet is bradded 
on the steel lining of the brake, as shown in Fig. 31. 


Timken Detroit Axle Co. advises copper rivets, as they will 
not score the drum when the lining becomes worn. 


Fig. 31. Showing how the flat-head solid or tubular rivet 
is used with the head countersunk into the lining. 


When spiit rivets are used, the head of the rivet 
is placed next to the steel band and the projecting 
ends of the rivets are turned into the brake lining 
or fabric as in Fig. 31A. 


PROJECT IN 
LINING RINET ENDS: 


Fig.31A. Showing how the split rivet is used with the head 
next to the steel band. 


Many mechanics do not punch holes in the lining, 
but drive the split rivets through the lining. Place 
the lining and the band over 4 wooden block clamped 
in a vise, and drive the rivets through a hole in band 


and through the lining into the wood. Then put 
the rivet head on the bolt clamped in a vise, and 
turn over the projecting ends of the rivet into the 
lining, as shown in Fig. 31A. 


The Raybestos Co., in its publication, ‘Silver 
Edge,” advises not to use split rivets, the proper 
method being that of drilling, countersinking, and 
riveting, with the flat head of the rivet about 1/32” 
below the surface of the lining (Fig. 31), using a 
flat-head tubular or solid rivet that will not split 
the lining and will hold until the ling is worn to 
half its original thickness. 


There is only one efficient way to reline a brake and 
that is to remove the band so that you may be sure 
of what you are doing. The questionable practice 
of attempting to reline the brakes with split rivets 
without removing them from the drum is a rather 
poor gamble, because about every third rivet does not 
split. Both prongs turn the same way, enlarge the 
hole through the lining, and have no binding effect. 


The general condemnation of split rivets arises 
from the fact that, as usually applied to a band that 
has been removed from the drum, the prongs are 
turned lengthwise of the lining, so that they parallel 
the warp threads. When the prongs are jammed 
into the lining they cut the cross-threads, or filling, 
which hold the warp threads together. 


Experience has proved that split rivets, except for 
Ford cars, can never be substituted for tubular or 
solid rivets properly applied. 


Brake lining tools and special machines for 
locating, drilling, countersinking, and riveting (also 
for punching the old rivets out) can be secured of 
the Raybestos Co., Bridgeport, Conn. There are 
firms who specialize on brake adjusting, relining, 
and steering-gear work exclusively. 


THE ELECTRIC AND VACUUM BRAKE 


Although the brakes under this heading are not in general 
use, they will be explained as a matter of information. 


The Electric Brake 


Construction: The Hartford braking motor (Fig. 32) is 
shown with reduction gearing. The armature shaft carries a 
worm gear which drives at a reduction of 100 to 1. 

This worm gear in turn operates a drum through an internal 
gear at a reduction of 4 to 1, giving a total reduction of 400 to 1. 

A steel brake pulling cable, which is wound on the drum, 
transmits the pull of the motor to the brake mechanism. 


CONTROLLER WIRING 
DIAGRAM 


WIN DING 
DRUM 


Fig. 32. The Hartford electric brake, consisting of a brak- 
ing motor operated from a storage battery and controlled by 
a lever controller on the steering column. 


The controller is moved by degrees, which applies the brake 
gradually; or suddenly, if moved to the extreme limit. ' 

The point of decreased speed before coming to a full stop is 
illustrated by the fact that a car, moving at the rate of 50 miles 
an hour, or 73 1/3 feet a second, can within 35 feet, or in one 
half-second’s time, be slowed down to 15 miles an hour or 22 
feet a second, and can be brought to a dead stop within the 
next 10 feet. 

The current required is 40 amperes for two-fifths of a second, 
at a pressure of 6 volts. 


The Vacuum Brake 


This brake is known as the Prest-O-Vacuum brake, and is 
shown connected with the rear brakes in Fig. 33. ; 

Principle: By utilizing the suction in the intake manifold to 
exhaust the air from a cylinder (B) carrying a piston, the 


piston is forced to move, and in its motion applies the brakes 
through the usual braking system. The extent to which the 
brakes are applied depends, of course, upon the suction of the 
cylinder, and this is controlled by the driver through a throttle 
valve operated either by a pedal or a hand lever. 
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Tig. 33. The vacuum brake. 


The general layout of the system when installed on a car is 
shown in Fig. 33. It will be noted that the forward end of the 
suction tube is attached to the intake manifold at its junction 
(L) with the carburetor pipe, this being the point of most con- 
stant suction. From here it leads to the throttle valve (C), 
located convenient to the driver’s foot. 

The construction and principle involved is similar to the air- 
brake cylinder used on railway trains, having a pressed-steel 
shell, a cast-steel head, and carrying a pressed-steel piston 
with leather packing. ‘This piston has a diameter of 7’’, an 
area of 3814 8q. in., and a stroke of 4’’, the entire braking eylin- 
der assembly weighing about 10 lbs. 

The suction in the manifold (I) varies from 8 to 12 lbs. per 
sq. in, When the throttle valve (C) is opened wide, at least 
10 lbs. per sq. in. suction is applied to the piston in the braking 
cylinder. Hence the area of the piston being 3814 sq. in., a 
suction, or, to be more exact, a pressure, of 10 times 381% or 
385 lbs., is applied to the piston. 

The piston, therefore, is moved under a direct pull of 385 lbs., 
and this in turn is compounded through the toggle-joint con- 
nections to give a pull of 4,000 Ibs. on the brake rods, This is 
an extreme example of what the system can do, as a pull of 
4,000 lbs. is seldom required, unless on large trucks. It is evi- 
dent that the pull applied to the brakes may be graded from 
0 to 4,000 lbs. at the option of the driver, the pull depending 
only upon the opening of the throttle valve. 
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BRAKE LINING SIZES ON 1921 CARS! 


External Thick- 


‘Name and Model Length Width ness Length 
Series 43. 13/4 5/32 34 
American, C 6.. at ere 2 3/16 42 
Amer. Beauty, 6-55.... 26 3. 5/16 26 
Anderson, 30 es 2 5/32 417/8 
Apperson, $21-S 4811/2 24/4 3/16 4437/4 
Apperson, Anniversary 3 
Auburn, 639 H-K........ 431/2 2 3/16 41-7/8 
Argonne, 1920 .. 48 21/4 38/16 0 
Biddle,-B 1 
Bour-Davis, 20. ......... 
Bour-Davis, 21 S$... ae 
Brewster, 1920 101/2 
Briscoe. 4-34 otek t/2) 29 976d Se 
Buick, K 6-45 4015/16 
Buick, K 6-49 
Bell 
Cadillac, 59 49 
Case, V ... 46 5/8 
Chalmers, 6 41 3/4 
Champion, C j 
Chandler, 27 .. 38 1/2 


Chevrolet, 490. . 
Chevrolet, F Bin 


ia 3/8 { 


11/2 55/32 Transmission. 
Cleveland, 40 2 5/32 Rear Axle 
Cole, 870 ........ - 48 21/2 5/32 465/8* 21/4 
Columbia, D-C & GS. 44 13/4 3/16 413/4 11/2 
Comef,. €-53) <=. r 
Commonwealth, 42... 877/16 13/4 5/32. 35 1/4 13/4. 
Crow-Elkhart, 'L 53-55 
Crow- Elkhart, H 63-55 
\Cunningham, EL 54 21/2 3/16 54 ses 
Douglas, G .... 46 2 3/16 44 2 
Daniels, D 19 21/2 3/16 4437/4 21/2) 
5 2 3/16 40.7/8 2 
21/4 8/16 143/4 13/4 
21/2 3/16 471/2 21/2 
15/8 9/64 35 3/4 15/8 
21/2- 3/16 47 21/2 
Economy;:646 .. 
Elear, 4 . “2 3/16 38 2 
Elcar,:6 . 2 3/16 38 2 
Elgin, K 2 5/32 39 13/4 
Essex, A .. 13/4 3/16 421/2 11/2 
235/16 1/85/32) ee eee ereneees 
Franklin, S$ 9-B - 28 25/8 5/32 2387/8 3 
Gardner' ... 
-Geronimo, 37 13/4 38/16 36 13/4 
Grant Six, HX... 38 3/8 13/4 5/32 34 13/4 
‘Hanson, 54 . eS 
Harroun, AA-2- 
PERV WC OAS ccc ccats taicekecg Mi sisace a Ry 13/4 
Ee Co Sica. 
‘Hollier, 206-B 
‘Holmes ........ 2818/16 3 1/4 4211/2 21/2 
Hudson, O 221/4 21/2 8/16 203/8 21/2 
Huffman Six, R. 44 2 3/16 42 2 
Hupmobile, R .. 3831/8 2 6/32 ‘33 7/8 13/4 
Jordan, M .... 20 3/16 13/4 38/16 421/2 11/2 
‘Jackson, 63 85 1/4 2 5/82 1538/4 2 
Jones, 28 ..: 495/8 21/4 5/32 4417/4 21/4 
King, H ee et 21/2 5/32 4656/8 21/4 
Kissel, 45 441/4 2 CVA Caeaewel eae 
Klinekar, 6-55-J . 63 2 3/16 3h 13/4 
‘LaFayette: .... 6111/16 21/2 
Leach, B-W 
Lexington, S 20. 2411/4 2 
Liberty, 10-C ..W.... 3/16, 
Locomobile, 43 1/2 3/16) 48 5/8 3 


Lorraine 
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Internal 
Width 


3/4 


Wrote 


‘Spacke, S 20.. 


External 


Name and Moded~ Length Width ness, 
Maibohm, B ... 1374 5/32 
eet Wasp. 5 
Marmon, touring, 
34 B 47 2 37/16 
Maxwell 
McFarlan, 127 .. 
Mercer, Series 5 
Meteor, K & R. 
Metz, M 622-8 42 13/4 3/16 
Mitchell, 7-40 40 3/4 2 3/16 
Monitors S=3% 2955s M 
Monroe, S-9 & oe 35 1/8 
Moon, 6-48 .. S 13/4 38/16 
Moon, 6-68 .. 
Moore, 30 G.. 13/4 3/16 
Nash, 682 . 
Nash, 681-6 
Nash, 684 . 
National Se 21/2 6/32 
Nelson, D . 11/4 5/32 
Norwalk, A 
Noma, 1 B. 
Oakland, 34-C ... - 8351/8 17/8 &/32 
Ogren, 6-60 .... < 
Oldsmobile, 45-B 
Oldsmobile, 37-A 
Olympian, 45... 37.7/16 13/4 6/32 
Cverland, 4 .... 
Owen "Magnetic, 60... 
Packard, 335 . 535/64 21/2 -1/4 
Paige, 6-42 ... 371/8 2 3/16 
Paige, 6-55 .. 44 2 3/16 
Paterson, 647 
Peerless, 56 19 1/4 21/4 3/16 
Piedmont, 6-30 3 
Piedmont, 6-40... ---16 2 3/16 
ierce-Arrow, 31 ...... 183/16 31/4 3/16 
Pierce-Arrow, §1 ...... 20 7/8 31/4 3/16 
Pilot, 6-45 . 
‘Porter, 45 .. a 
Premier, 6*D .. - 49 6/8 21/4 5/32 
R. & V. Knight, R... 
RSE Ve Gees w a 21/2 3/16 
Reo, T-6 .. 2 3/16 
Revere, C. 21/4 1/4 


Roamer, C-6-54 . 
Roamer, D-4- -75 a25 


Saxon, 125 
Sayers Six, 8 P. 

Scripps- Booth, B-39. 
Seneca, L 2. 
Severin Six 
Singer, 20 ... 
Skelton, 35 


7 429/16 
35 1/8 
39 


Standard 8, I.. 
Stanley Steamer 
Stearns, SKL4 . 
Stephens, 80 ..... 
Studebaker, EJ 
Studebaker, BH=50. 
Studebaker, EG-60. 
Stutz. H ... 


- 16 3/4 


429/16 2 
463/42 


Templar, A-446 
PG XEL ieee 
Tulsa, E-1 


- 43 2 3/16 


Velie, 48 . 19 13/16 3/16 


Vogue, 
Vogue, 666 . 


Westcott, C-48 ... 
Westcott, C-38 ... 
Willys- -Knight, 28 
Winther, 61 ... 
Winton, 25 


72 3/16 
/4 3/16 
/4 (3/16 
3/16 


Coe rape 
Ee 


1/2 


Internal 
Length Width 
85 1/4 13/4 
64 11/2 
20 13/4 
40 3/4 11/4 
317/16 13/4 
41 11/2 
35 1/2 1374 
3S B78 21/4 
35 15/8 
35 1/2 18/4 


215/32 2 

35 1/4 2 

42 2 

12 3/4 {3 yal 
16 3/16 23/4 
38 3/4 21/4 
14 3 
167/8 3 
19/317 3)urs: 
199/16 21/4 
207/8 21/2 
39 2 

42 11/2 
383/38 i5/8 
38° 13/4 
16344 1.4/4 
171/42 
431/4 18/4 
421/22 
421/2 1178 
20 21/2 
421/48 11/2 
18 91/4 
49 21/2 


[Continued on page 897 
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Cee aey «80e) LINING SIZES ON 1920 CARS 
—EXTERNAL—— INTERN AL—— —EXTERNAL—— ——INTERNAL—— 
Car and Model— Length Width  feoheg Length width ness Car and Model— Length Wdth egy Length qidtuimiene 
Allen, 43. . 383%, 13% vs 34 Tree Ls ee ee 17% 2% tr 
pemerican 45 2 ts 44 2 ¥y yMercer seesecenteeneneete ; 12 3 24, 
Ree Ou m4 hw, 2 BR Munen RRB fy 2 alti 
Auburn «0... 43%, 2 we 40% 1% vs Moline, L.. a2, Pin gh go ees 
Monit ae y 
weyers, 2 4 a, tf Hee mw EA ke 
a ee a a oe Ga 
3 , SiR een Mies ans sca kceer nets toon 4 ‘4 . 
Cadillac ...... 54 2 eee Si 2, te F 
Cece E es eer 45 2 ee as 0 1 fo Nash, CE te oY, e a aR a 
Chalmers, 6-30 ........ 43Y, 134 ve 6 4134 ts National, AL & AM 45 2 ds 48 de 1%, 
Champion, KO... 37, WA 3 1% w% anetson, D ee ee 33 «1A 
andler ...... (3 43 13 x Sec netanararieare vi . 
peices ER oe ee oes Cakland, 34-B 343, 1h : i f 
. See os B oes : 
evrolet, 49 Sun ec lis ts Oldsmobile, 37-A.. 384 14 w 35 Ro 
*Cleveland.................. { 1, & ee Fd a {7Overland, 90-B....:. 38 134 xs 1214 134 te 
Cole te oe ew 2% fa 465% 2% ta +rOverland, Ce 313% 2% Pad 10% 1% 4a 
Columbia ~ 1 OAIMACOe:~SSCTHOverland, 20... 4474 244 ts 13 2K tt 
ometi 2 ts 42 2 to Packard! | s.--sc-n- 53a: 21 z 471 2 ts 
ee pe eomreeh 1A * S ay 4 Pen hier cen ee 44 ae y Ke 2 Yi, 
LOE eoveaceces ; aige, 6-40................ 38 2 351 2 
Crow-Elkhart 13% az 36 134 vs Paige, 6-55... . 44 2 u roe 2 % 
Cunningham 24 ws 55 24% te Lizaterne? ee 43 2 ws 1734 Z ts 
: ** Peerless, 56... ~~ 29 2y xs 3834 2% ts 
Daniels) Bo. = 24, 4 4H «2% : . y 
eae ae 4 24 sp hianna, Ri foe oto 1%, ts 
eDodce Brothers 2) 19540 24 ae MO ME aca ee ee eles 38 
S oe 4 4 4 4 Pierce-Arrow, 38.... 18; 314 e 164% 3) ts 
Dorie lecseeetec: .. 355% 1% % 354 1% Pierce-Arrow, 48... 20% ay) iu ey ts: 
Weary sss I BO, We rsece 4534 2 ys 431%, 13% Ye 
nicer 2 4 Ee a, a Premier, 6-C.. 433%, 2 fs 383% 2 ts 
Elgin, 2 eso 1344 Reo, T6 & U6 43 2 Yr 388 2 ts 
** Essex 1 3h TA A a iRevere, A-B-Cee ee ee cls 4 eg eee os 
oamer ........ 60 134 37 60 134 4 
sie ord 28 oe 2 ea ae ers Sayers, B..... 38 2 fs 32 134, Pi 
*Franklin, -Bowee{2s 3) Tl Setipps-Booth me pe 
; : eneca, H-2.... 7) 134 : 3514 134 oth 
Geronimo . 36 134 ts 36 13/4 is Singer, 19 96 2% ts 96 ‘ 214 th 
Glide, 6-40 ... 41 2 fh 6«40%~— 2 f& Stanley, 7- a0n- 2 34. 087 2 ee 
CRT case 37 «134 SC«85HH—C«dC:i«‘):C(stssFFStears AT = 2057 20 ae 
+7yotepherns! +2... 42 fs 2 fr 174 2 ty 
Back etherees-cee-eeree 35% 134 or 36% 134, Y% tStudebaker, S-H.. 195% 2 or me 134 ty 
Harroun, AA+1 .... 3354 1354 tr Ae 14) ut +Studebaker, EH & 
ae Se ae BG ah 2048 See fh «18% 13 
i ei - oe ae 14 fe Stutz, G.. 164 13% te ee 1) ey 
ollier, Beet ccesee Si : 
A A ay I I sar vo WHR ete es ws 1 * 
***Holmes eae oS 2%, %4 wee ne +Templar, 445........ _ tt PENS sae 18 2 ts 
tHudson ees . 22H 214 ie 2034 2% fr Tulsa, D-1-2-3.......... 88 2 ‘fs 81 2 te 
Hupmobile... 33% 2 naar 19405 1% **Velie, 48 13%, we “42%, Sie 
Non es fersesseeeesrsterees 2 fs 40 2 ts Westcott, z ae A ws 
7 1 ; Westcott ... WA x 405 13 
Jordan, F . 24, vt 4448 2% Ye + ‘Wil mn iy " % ts 
ine Go 2 , 43 13 oe ee er 2% ts 13 2) ts 
KisselKar A SE fala ian aa tiWillys-Knight, Sage $ A 
+Klinekar 2 \% 271% 13/, Ee ee A 13 2% 
Winton, 24. 2% tr 4435/4 2% tw 
a8 42 2 fs Winton, 25 24 ts 4974, 24 te 
#Le Marne nen} —- 42 2 % FWillys Six 606. 41° 2 te 10% 24 te 
Lenore Cas ee 24 % 2 2% 7A — 
exington, R-19...... " *Transmission brake. 
HLocomobiie, Maa 185% at = ey 2 is **External brake in two pieces. 
L a - #Rear’ wheel brake in two pieces. 
Maibohm .......--s-00--+ 3514 134 fr 36 14, +Both brakes internal. 
Merce Sas 2 as y * ++Internal brake in two pieces. 
arshall, 3894 14 ‘% Ps #4 s ie 4++Foot transmission brake, low speed and reverse bands. 
*Maxwell ......------s0 j 19if2 134 te fo sg A Both brakes in two pieces. 
McFarlan .......-ss» ee A fs 49 24 tfInternal brake in four pieces. 
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INSTRUCTION No. 75 


STEERING GEARS: Types; Care of; Adjusting; Lubricating and Overhauling 
FRONT AXLE: Alignment. FRONT WHEELS: Alignment; Adjusting 
Front-Wheel Bearings 


TYPES OF STEERING GEARS! r 


The two methods of connecting a steering gear 
with the front axle of a car are the “fore-and-aft”’ 
method and the ‘“cross-method,”’ as explained on 
page 10. 


The various types of steering gears are classified 
under six headings as follows, and as shown on pages 
10 and 11. 

1. Pinion-and sector 
Worm and sector 

. Worm and worm wheel 
. Planetary 

Screw and nut 

. Screw and half-nut 


S&S oP oO bO 


Some of the leading makes of steering gears are 
illustrated on this and on the following pages, 
together with the method of adjusting. 


Jacox Steering Gear 


Type: Screw and half-nut type (Figs. 1 and 2); 
consists of a steering tube, to the lower end of which 
is attached a double-threaded screw (S). Turning 


SPARN TUGE *, 
\ THROTTLE TUBE 
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STEERING TUBE 
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STEERING “COLIT 
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BOF B- clave 
SR SALZ COLT, 
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1 Address of steering gear manufacturers: ‘Jacox,” Jackson 
Church & Wilcox, Saginaw, Mich.; “Lavine,” Lavine Gear 
Co., Racine, Wis.; ‘‘Warner,”’ Warner Gear Co., Muncie, Ind.; 
al Gece Tool ee La Fayette, Ind.; “Barnes,” 

arnes Gear Co., Oswego, N.Y.; ‘‘Gemmer,” Gemmer Mfg. 
Co., Detroit, Mich, F i ; rx 


the steering wheel moves the screw (S), which moves 
the two half-nuts (N). One of these nuts has a 
left-hand thread and the other a right-hand thread ; 
therefore one half-nut (N) moves upward and the 
other down. 


The two half-nuts (N) bear against two rollers 
(H) attached to a yoke (L) on a shaft (A), which 
projects outside of the housing and to which is 
attached a pitman arm (J) which is attached to the 
drag link, which in turn is connected to the steering- 
knuckle arm on the front axle. 


Adjustment: If excessive backlash or lost motion 
develops, it can be taken up by loosening the clamp 
screw (B), and screwing down on the adjusting 
screw (D) which is screwed down directly on the - 
thrust bearing (E), which forces down the double- 
threaded screw (S) and the sliding half-nuts (N) 
against the yoke rollers (H). After adjusting, lock 
the clamp bolt (B). 


Lubrication: The gear is filled with heavy 
graphite grease when it leaves the factory. How- 
ever, this should be thinned occasionally by insert- 
ing a little engine oil through the oil plug at the top 
of the gear housing. The telescoping tubing can 
be oiled occasionally at oil holes (OH) (Fig. 2). 


Fig. 2. Hard steering is not always due to adjustm 
It may be due to lack of lubrication. The other meee 
the steering device, such as the drag-link connections, may also 
be dry. Likewise looseness may be due to the connections. 
Always keep nut (Y) drawn tight. 


Assembling: If the steering gear is taken apart, 
and the method of steering igs “fore-and-aft,” the 
left-hand nut (N) (Fig. 2) should be on top for left- 
hand steering, and the right nut should be on top for 
right-hand steering, 


If the method of steering is the “cross-steering” 
method, the right-hand nut should be on left na 
for left-hand steering, but on the right side for right- 
hand steering. 
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TYPES OF STEERING GEARS , 899 


Warner Steering Gear 


Type: Worm (W) and worm-wheel (H) (Fig. 3). 


TO REMOVE 
SIDEPLAY 


Adjustment: There are two adjustments. The 
adjusting nut (D) on top of the steering device can 
be adjusted by loosening clamp bolt (B) to take any 
up-and-down motion found in the wheel. The 
worm (W) and worm wheel (H) can be brought into 
closer contact by adjusting the eccentric bush- 
ing (T). 


Lubrication: Pack with grease through plug (O). 
Inject oil occasionally. 


Gemmer Steering Gear 


Type: Worm (W) and worm wheel (H) (Figs. 
4, 5, 6) 

Adjustment: The end play in the worm-wheel 
shaft (A) is taken up by loosening lock nut (L) (Fig. 
5) and taking up on adjusting nut (I). 


Fig. 6 


Fig. 4 (upper) 
Fig. 5 (lower) 


The second adjustment is made by loosening 
clamp bolt (B) (Figs. 4 and 6) and tightening 
adjustment collar ( D). 

Ordinarily these two adjustments will remove any 
wear. However, if the wear is excessive and these 
adjustments will not remove the trouble, the arm 


(J) should be removed and the steering wheel 
turned around so that cross-shaft (A) will have 
turned one quarter-turn. In this position place 
arm (J) back, and it will be found that a new surface 
will be given to the gears. 


_ Lubrication: | Pack with grease. Oil can be 
injected occasionally to keep the grease from 
hardening. 


The Lavine Steering Gear 
Type: Screw and half-nuts. 


Action: Nuts (N) are divided, and operate on 
right and left-hand threads cut in a worm or double- 
threaded screw (S). When steering wheel is 
turned, one nut moves up, the other down, causing 
(O) to operate arm (J). 


Adjustment is by nut (D) at the bottom. 
Lubrication: Grease. 


The “Planetary” and “Pinion and Sector’ 
Types of Steering Gears 


The planetary type of steering gear (Fig. 8) differs 
from other types in that there are reduction gears 
at the bottom of the steering device. This type is 
used on the Chevrolet ‘‘490” and the Overland “4.” 
The “cross-type”’ steering method is used. 


The planetary type is also used on the Ford, but 
the gears are at the top of the steering column 
instead of at the bottom, as shown on page 11, 
Fig. 9; see also Index under ‘Ford steering gear.” 
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Fig. 8. Planetary type of steering gear with the gears at 
the bottom of the steering device. 


Fig. 9. The pinion and sector type of steering gear as used 
on the Reo. 


“= 
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Adjustment of the planetary type of steering gear: 
There is no adjustment except to see that all nuts 
are tight. 


Lubrication: Pack with grease. 


The ‘‘pinion and sector’? type of steering gear is 
shown in Fig. 9, and is that of the steering device 
used on the Reo model ‘“‘F’”’ truck, but it serves to 
explain the principle, as used on other Reo cars. 


Adjustment of pinions and sector endwise may be 
controlled by the adjusting screw. This pinion may 
be moved up or down by unclamping the locking 
bolt (not shown) near the bottom of the steering 
device, allowing the whole steering column to move 
up or down to give the right engagement. Do not 
disturb the adjusting screw when making this 
adjustment. 


Lubrication: Inject grease. 


Steering Gears Used on Trucks 


The steering gears as used on trucks differ but 
little from those used on passenger cars. 


A popular type of truck steering gear is shown in 
Figs. 10 and 11. 


Observe in Fig. 10 the fore-and-aft method of 
steering is shown. ‘This means that the rod (drag 
rod) which connects from the arm J (F ig. 10) to the 
steering-knuckle arm has a direct forward-and- 
backward or aft motion, which turns the steering 
knuckle as shown in Fig. 19, page 902. 


Observe in Figs. 11 and 12, the cross method of 
steering is shown. This means that the drag rod 
D (Fig. 12) is placed ahead of the tie rod (B) and a 
motion crosswise of the car is imparted to the steer- 
ing knuckle arms by movement of arm J) Gites, 15D) 


The type of steering device shown in Fig. 10 is 
the screw-and-nut principle, and the action is 
explained under the illustration. 


The type of steering device shown in Fig. 11 is 
the differential screw principle, and the action is 
explained under the illustration. 
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Fig. 11 (upper) 
Fig. 12 (lower) 


Fig. 10. Ross ‘fore-and-aft’? steering device for trucks. 
Type: screw and nut. Action: movement of the steering 
wheel turns screw (S). This causes nut (N) to travel up or 
down, which moves (A) (F) and (J). Adjustment: loosen 
clamp bolt (B) and tighten down (D). 


Fig. 11. Ross ‘“cross-type” steering device for trucks. 
Note that ball (I) on arm (J) fits into the end of the drag rod 
(D) at (K) (Fig. 12). Type: differential screw. Action: 
arm (J) is caused to turr by a differential action of one screw 
of fine pitch operating into another screw of coarse pitch. 
Adjustment: loosen (B) and tighten (D). Lubrication: oj] 
injected at top. 


Fig. 12. Note that the connections are all in front of the 
axle, and it is thus termed the “‘cross-steering” method. 


Fig. 10 


EXAMPLES OF ADJUSTING STEERING GEARS 


As an example, the “worm-and-worm wheel,” 
or “‘worm-and-gear”? (as it is often termed), type of 
steering device, as used on the Studebaker “Light 
Six” is shown below (Fig. 13). 


ADJUSTING NUT- 
STEERING GEAR CASE 


Fig. 13. The Studebaker “Light Six” steerin ear. 
Adjustment: Jack up the front axle so that the eee eens 
will turn freely. Make adjustment with the steering wheel 
turned to the extreme right, as if about to turn a sharp corner, 
There is less wear at this position than in the straight-ahead 
position, and a tight adjustment in the straight-ahead position 
would probably be a binding adjustment in the angle position. 


In this extreme position work the steering wheel up and 
down. | If the steering column moves up or down, loosen the 
adjusting-nut clamping bolt, and slowly turn down the adjusting 
tut until all end play is eliminated; then tighten the clamp bolt, 


If there is still backlash, it is an indication that the teeth on 
the worm (W) and worm wheel (H) are worn, To adjust: 
Remove the steering arm (J). Turn the steering wheel until 
the steering worm gear (H) has rotated one-quarter around,and 
replace arm (J) and tightenit. This will permit the engaging of 
entirely new sets of tecth on the worm wheel and the worm gear. 


Lubrication: Usually when a steering gear begins to steer 
hard, it is due to lack of lubrication. The grease cup is used 
to lubricate the worm-shaft bearing, and heavy oil is injected 
at the oil plug. 
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Fig. 14 


Fig. 14. Dodge: Type: ‘‘Worm-and-worm wheel.”? Both 
made of hardened steel. Adjustment: To remove end play in 
worm shaft, loosen the coupling or shaft connection (not shown) 
on the steering column, also the clamping bolt at the top of 
the steering case. Then screw down the adjusting nut until 


the play is removed, but not too tight. Ti h 
which were loosened. he 2 no ie Dats 
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Lubrication: Pack cup grease in the steering-gear case at the 
grease plug, with a grease gun. Turn a grease cup above (H) 
(not shown) every 100 miles. 


Fig. 15. Maxwell ‘25: Type: ‘“Worm-and-worm”’ wheel; 
has two adjustments. 


If an excessive amount of end play or lost motion exists, 
remove the two upper bolts in the steering-gear shaft coupling, 
and pull the steering wheel and shaft upwards. Then unscrew 
the steering-arm clamp nut and remove the steering arm with 
the worm-wheel shaft. The steering-gear worm adjusting- 
plug clamp screw should then be loosened, and while turning 
the steering gear with a hand on the coupling about a quarter- 
turn to the right and left, tighten the plug until the play is 
taken up. 


If there is still lost motion in the steering wheel, remove the 
steering arm and turn the wheel until the steering-arm clamp 
has rotated a quarter-turn and replace the steering arm, thus 
giving the gear and worm a new bearing surface. Lubrication: 
Soft cup grease through the filler plug. 


Removing, Disassembling, Adjusting, and 
Lubricating a Steering Gear (Mitchell “F”’ 
as an Example) 


The steering gear is of the worm-and-gear type, 
a complete gear being provided to allow for wear 
between the worm and the gear. It is irreversible 
in operation, while ease of steering is obtained by 
the provision of ball bearings to absorb the thrust. 


Removing the steering gear from the car: The 
throttle and spark connections should be removed 
from the bottom of the steering column, and the 
wheel and tube are then removed The side arms 
should be taken off by removing the clamp screw 
and pulling the arm off the end of the shaft. 


Loosen the screw which supports the steering gear 
in the bracket riveted to the frame, and remove the 
entire gear by sliding it in toward the engine free of 
the bracket, when it can be lifted out of the car. 
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Mitchell steering gear. 


Fig. 16. 


To disassemble the steering gear, remove the 
steering adjusting nut lock- and unscrew the adjust- 
ing nut. Remove the cover on the inner side of 
the steering-gear housing, when the gear with its 
shaft can be drawn out of the housing. The worm. 
with its ball bearings can then be removed from the 
housing and the steering gear is completely dis- 
assembled. 


In adjusting the steering gear it is important first 
to locate the looseness or play. Do this by having 
someone move the wheel back and forth, watch- 
ing meantime to sce if the column itself moves up 
and down, indicating end play in the worm. ‘This 
ean be overcome by tightening the adjusting nut at 
the top of the housing. If close observation shows 
end play on the gear shaft, this can be overcome by 
tightening the gear adjusting screw on the cover. 
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If there appears to be play between the gear and 
the worm, the steering gear should be removed from 
the car and the eccentric bushing in which the gear 
shaft is supported should be moved around until the 
gear is in proper mesh with the worm. When the 
bushing has been moved around to the point where 
all adjustment has been taken up, a new part of 
the gear can be brought into mesh with the worm 
by revolving the steering tube until the gear has 
made one quarter-revolution. A new slot will have 
to be filed in the square end of the shaft to accom- 
modate the side-arm clamp screw. In making this 
adjustment, the eccentric bushing should be moved 
back to give all the adjustment possible with the 
gear properly meshed with the worm. 


If play is found to exist where the side arm goes 
on the shaft, it can easily be taken out by tightening 
up the clamp screw. Play sometimes develops in 
the drag-link connections either at the steering gear 
or at the front axle, and this can be taken out by 
tightening up the adjusting plugs in the ends of the 
drag-link connections. 


Lubricating the steering gear: About once every 
season, or every 5,000 miles, the plug on the steering- 
gear housing should be removed and the housing 
packed with cup grease. The grease cup on the 
steering-gear housing should be filled with cup grease 
and given two or three turns every week or every 
500 miles. The spark-and-throttie-lever rods in 
the bottom of the housing should be lubricated 
with a few drops of oil every 300 miles. The drag- 
link connections at the front axle and at the steering 
gear should be packed with grease once a season, or 
every 5,000 miles. ; 


The Marmon Steering Gear 
Type: Worm-and-worm wheel (Fig. 17). 
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Tig, 17. Marmon steering gear. 
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The steering column contains five concentric 
tubes, with respective connections for the four 
controls at the wheel. ‘Through the center runs 
the horn wire, surrounded in order by tubes for the 
throttle, spark, friction ring (stationary), steering 
wheel, and outer shell. On the lower end of the 
steering shaft is a worm, provided with thrust bear- 
ings, which turns the worm gear operating the steer- 
ing-crank shaft. If end play develops in the 
steering shaft, it may be adjusted. 


The steering gear may be removed from the frame 
and disassembled for cleaning and lubricating, but 
if no change in its operation is detected, refilling 


of the oil chamber every 1,000 to 3,000 miles is the 
only necessary attention. 

Adjustment: When enough wear has taken place 
to necessitate taking up some of the lost motion, this 
may be done by removing one or two of the shims 
(S) under the plate at the bottom of steering gear. 


To do this, disconnect the spark and throttle 
control arms (S) and (T) at the bottom of the gear 
and slide them off. Then remove the nut (N) 
which is around the column and which fits into the 
bottom plate. Next, remove the four cap screws 
(C) holding this plate, and it may be taken off 
without difficulty. 


STEERING GEAR TROUBLES, TESTS, AND REMEDIES 


The play in the steering gear itself can.be taken 
up by the various adjustments provided. 


The up-and-down play of the wheel is taken 
up by loosening the clamp screw on top of the 
frame bracket and turning the adjusting nut down. 
This action forces the shoulder on the column closer 
to the thrust bearing, as shown in Fig. 18. 


Most gears have an eccentric bushing on the side 
to take up the play between the worm and wheel, 
or sector, as the case may be. There are holes or 
slots in the eccentric bushing for turning it after the 
clamping device has been loosened up. If this does 
not take up the play, there is still another remedy 
for the worm and wheel type. 


ADJUSTING NUT ADJUSTING NUT 
| 


CLAMPING BOLT 


Fig. 18. Method of bringing a new surface of the worm and 
wheel into engagement to take up the play after all other 
adjustments fail. 


Remove the steering gear by disconnecting all 
the spark and throttle controls, dash brackets, ete. 
Then take off the steering arm, and turn the wheel 
so that the square shaft to which the arm was 
attached will make a quarter-turn. In other words 
the corner (A) will be replaced by (B). Then the 
arm is clamped back. 


This operation brings a new surface of the worm 
and wheel into engagement, and takes up the play. 
The eccentric bushing should be turned back, go 
that it can be used to take up the play in the usual! 


manner, after the steering arm has been changed. 


Repack the steering gear with grease, and clean 
out the oil cups, refilling with clean lubricant. 
When making adjustments on the steering gear 
always have the wheeis locked over, either to the 
right or left, as far as they will go. 


Loose Steering Connections and Their Relation 
to the Front Axle 


Lost motion in the steering mechanism or con- 
nections: The extreme amount of play in a steering 
wheel should not exceed a 2’’ movement of the steer- 
ing wheel. 


On the preceding pages it was explained how “up- 
and-down motion” and ‘‘play in the steering gears” 
could be takenup. Iftheseadjustments fail to relieve 
the play, then the trouble must be in the connec- 
tions from the steering device to the steering 
connections of the front axle. The illustration 


’ (Fig. 19) shows the connections of the steering 


device with the front axle and the points where 
play could exist. 
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_ Fig. 19. Showing the principal connections from th - 
ing device to the front axle. Pte ee 


It will be observed that if the play is not in the 
worm-and-worm wheel, it could be in any of the 
points from the pitman arm nut clamp to the steer- 
ing knuckle pin, or it may be due to loose bearings 
in the front wheels. 
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Tig. 20, The drag rod, also called “ ink,” “steering- 
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_ The drag rod or link (Fig. 20) connects the steer- 
ing ball with the steering arm of the steering 
knuckle. It should be taken off and the inside 
cleaned out. : 


Cotter Pin 
Steering Connecting Rod 


Vig. 21. Method of adjusting pitman arm ball. 


Adjustment for this is made by screwing the 
slotted nut either in or out, and then replacing the 
cotter pin. Repack the joints with fresh - grease, 
and, if possible, put on a leather boot. 


If there is considerable play in the steering 
knuckles, the bushings should be renewed, and in 
some cases the steering-knuckle pin itself must be 
replaced. Always cover the surface well with oil 
when replacing, as when new parts are fitted there 
is little space between the walls, and it takes the oil 
some time to get there. 


The steering ball is the ball on the end of the 
steermg arm on the steering knuckle to which 
the drag-rod connection fits. There is a great 
thrust imposed upon this ball at all times when the 
car is In motion, and the nut securing it to the con- 
nections should be drawn up occasionally and locked. 


Fig. 22. An evolution of improvements made by the Tim- 
ken Co, in the steering ball is shown above. The original 
method is shown in (1), which was integral with the arm, The 
ball (4) was later produced, and this could be replaced, but it 
was found that wear would occur in time; therefore a tapered 
ball with a shoulder was produced asin (5). But this did not 
provide for ‘‘take up,” as the take up would draw the shoulder 
and not the taper; therefore the improved ball without the 
shoulder (6), and with a tapered shank, permits drawing the 
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ball tight in its seat. Thus there is no limit to the amount of 


adjustment possible, 


Hard or Difficult Steering 


Hard or difficult steering may arise from a num- 
ber of causes as follows: 


1. Too tight an adjustment of the steering gears. 

2. Lack of lubrication in the steering device, drag 
link, yoke ends, or steering-knuckle pin. 

3. Lack of lubrication or tightness in the connec- 
tions at the yoke ends of the axle, as well as at 
the tie rod and steering-knuckle pin bearings. 

4. Wheels out of alignment. 

5. Tires not properly inflated. 

6. Wobbly wheels. 


To Test for Steering Troubles 

1. Jack up the front wheels. 

2. Disconnect the drag link and try the gear thus 
disconnected. 

3. Examine the drag-link and tie-rod connections, 
and the steering-knuckle spindles. 

4. If this inspection does not locate the trouble, 
loosen the toe-board bracket and see if the steer- 
ing column is in alignment. 

5. See if the steering gear is fastened securely to 
the frame. 

If, on inspection, nothing is found to indicate 
excessive tightness of the parts, and the steering 
operates freely when the car is jacked up, yet 
operates hard when the car is running on the road 
(with the tires properly inflated), it is evident that 
the front wheels are out of alignment. 

Note. When the car is standing, it is very difficult to turn 
the steering wheel; do not therefore judge the tightness of 
the steering gear or its connections except when the front of the 
car is jacked up and the front wheels are clear, or when the car 
is in motion, 

Never take a steering gear apart except as a last 
resort. 

The lubrication of the steering gear is explained 
under the different examples given in the pages pre- 
ceding. In addition, all parts of the steering con- 
nections should be kept lubricated, as the grease 
cups on the tops of the steering-knuckle pins and 
the steering cross-rod pins should be given two or 
three turns every week, or each 500 miles. 


The steering column on most steering devices is a 
tube 134” in external diameter. 


The steering wheel is usually 18’’ in diameter, 
except on the very light cars. 


ALIGNMENT OF THE AXLES AND WHEELS 


The word “alignment” or “‘alinement’”’ means to 
‘dine up,” that is, to line up the two wheels, or the 
axles, or the steering knuckles, or the frame, or the 
springs, or, in fact, any part of the car which should 
be in alignment with the other like part. 


For example, suppose the one side of the front 
axle has shifted farther ahead than the other side; 
this throws the front wheels out of alignment on 
the side that is shifted, and the result is harder 
steering as well as wear on the side of the tire, as 
the wheel which is out of line is at all times being 
drawn sidewise. 

Likewise a bent or twisted front axle will cause 
excessive vibration, especially in the steering, be- 
cause there are certain angles at which a front axle 
should be set, and each side should be in alignment. 
Tf either is out of alignment, the result is that the 


part out of alignment is not working in harmony with 
the other part. 

Wheels and axles that are out of alignment pro- 
duce: 
1. Vibration. 
2. Excessive wear on tires. 
3. Wobbly wheels, in some instances. 


Parts which should be lined up are: 
. Front axle, 
Front axle with rear axle. 
. Springs with axles. 
. Front wheels. 
Front wheels “‘toed-in’’ and ‘“‘cambered.” 
Front axle and steering knuckle ‘“‘castered.”’ 
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Each of these parts, if not properly aligned, will 
produce one or all of the following: 


1. Vibration. 

2. Wear on tires. 
3. Hard steering. 
4, Wobbly wheels. 


Alignment of Front Axle 


The front axle, if bent or twisted, will cause the 
wheels to be out of alignment. 


In order to check a front axle for a twist or bend 
at the steering knuckle or at the axle end yoke, 
one method is to line up the center of each steering- 
knuckle spindle hole with the other, as shown in 
Figs. 23 and 24 from (A) to (B). This line should 
oes with the top of the axle and the spindle 

oles. 


If one point is higher than the other, or if the 
spring seats are out of line, or if the axle is bent 
or twisted, it should be bent cold if possible; other- 
wise heat it at the point where it is out of line and 
straighten it with a press, but do not heat the axle 
more than a dark red. 


If the steering-knuckle yokes are bent, they can be 
twisted back into place by means of a rod through 
the yoke holes, thus twisting the yoke back to 
normal. 
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Fig. 23 (upper) 
Fig. 24 (lower) 


Figs. 23 and 24. Testing for alignment of the steering- 
knuckle spindles with the front axle, 


If play develops between the steering knuckle 
and the front axle yoke and tightening of the nut 
does not relieve the play, then it is a case of renewing 
the bushing, or reaming out the old one and putting 
IN an oversize steering-knuckle pin. 


Alignment of the Front Axle with the Rear 
Axle 


Measure the distance on one side of the front 
axle at the spring seat, at the center of the front axle, 
to the center of the rear axle, as at (E) (Fig. 25). 
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Then measure the same on the otherside. These 
distances should be equal. If they are not, one of 
the front wheels, or one of the rear wheels is out of 
line, thus affecting the steering as well as producing 
tire wear. 


The spring clips can be loosened and the axle 
slightly moved, if axle proves to have been shifted. 
If the axle is bent, it should he straightened. 


Lining up Springs with the Axle 


Measure the distances (Fig. 25) from the horneye 
of the spring to the center of the axle as shown at 
(A), (B), (C), and (D), also (X) and (Y). The dis- 
tances should be the same on each side of the car. 
Measure with a stiff straightedge of some sort, not 
a tape line. 


Alignment of Wheels 


This subject is of more importance than one 
would imagine. For instance, if the wheels are not 
properly “lined up,’’ there will be wear on the tire, 
and steering will not be easy. If a car has been 
subjected to severe jolting or has struck a curb, 
the wheels may have been thrown out of alignment 
or the back or front axle may have been moved 
sideways. 


In lining up the front wheels there are four factors 
to be considered: 


1. Trueing up the front wheels. 
2. Toeing in the front wheels. 

3. Camber of the front wheels. 

4. Caster of the steering knuckle. 


Trueing up the Front Wheels 


In considering the first factor, ‘“trueing up the 
front wheels,’ many points are to be taken into 
account. For instance, wheels which are not 
properly trued up are: 


1. Unbalanced; 
2. Wobbly. 


The fact that the wheels are unbalanced causes 
the wheels to become wobbly. 


The front wheels of the car should be carefully 
balanced, so that, when the wheel is jacked up and 
spun, the wheel will come to rest with the valve stem 
at the bottom. 


Factors which cause an unbalanced wheel are: 


1. Rim out of true, vertically and laterally, due to 
unevenness in drawing up the tire bolts or rim 
lugs, or due to the rim having shifted on the felloe 
of the wheel, or having been placed out of line on 
the felloe originally. 


Heavy blow-out patches in the tire. 
. The wheel itself being out of line. 


i) 
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Should the wheels be badly out of balance, owing 
to the uneven section of the cover or other part of 
the tire, a steering “wobble” may be set up at high 
speed in the steering wheel. This, of course, should 
be corrected by careful balancing. 


ALIGNMENT OF WHEELS AND AXLES 
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FACTORS WHICH PRODUCE WOBBLY WHEELS, HARD STEERING, VIBRATION, 
AND TIRE WEAR 


The principal factors which tend to produce wob- 
bly wheels, hard steering, vibration, and tire wear 
are enumerated as follows: 

1. Wheel bearings worn or loose. 
Worn steering-knuckle pins or bushings. 
Steering-knuckle pin nut loose. 
Steering-gear connections loose, such as the 
drag rod, steering ball, tie rod, and other cen- 
nections. 
. Wheels out of alignment. 
. Wheels out of balance. 
. Loose spokes at the hub or felloe. 
. Tire rim out of line on the wheel. 
. A sprung wheel, usually due to skidding force. 
. A bent steering knuckle or yoke end. 


. Front springs out of line, and also the steering 
ball and steering arm connections on the steer- 
ing knuckle, which should be in line with the 
pitman arm on the steering device. 
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A method of testing the front-wheel bearings to see 
if they are loose is shown in Fig. 26. In testing for 
lost motion in front-wheel bearings, a wedge-shaped 
block or the like should be jammed between the 
spindle and the axle end, as shown at (A), otherwise 
lost motion in the spindle or knuckle might be taken 
for looseness in the wheel bearing. After taking this 
precaution, try to move the wheel as indicated by 
the dotted lines, and any lost motion in the bearings 
can be readily felt. 


If a wheel is suspected of being out of true, it 
may be tested as shown in Fig. 27. With one hand 
resting on a block to steady it, and holding a rule, 
or the like, close to the wheel rim, the wheel is 
revolved very slowly; if it is out of true, the space 
between the end of rule and the wheel rim will vary. 


If the trouble is simply due to the rim having 
shifted on the felloe, it may be rectified as indicated 
in Fig. 27 (center illustration). 
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Testing for loose front-wheel bearings. 


Fig. 26. 


Fig. 27. Testing for a wheel out of true, which causes it 
to become unbalanced and thus to produce wobbling. 


_ Sprung axle orspindles willeither throw the wheels 
too far out at the bottom, as shown in Fig. 28, or 
the steering knuckle will be bent either in or out, 
which will produce wobbling. The point to deter- 
mine is whether the wheel itself is out of true, by 
testing as shown in Fig. 27, or if the steering knuckle 
or axle is out of true by testing as shown in Figs. 23 
and 24 (page 904). 


SHOULD BE CLOSER TOGETHER 
AT, BOTTOM THAN AT TOP -— 


Fig. 28 


Fig. 28. Wobbly wheels can be due to a sprung axle yoke 
or a sprung steering knuckle. Usually, the tendency to wobble 
is caused by side pressure on the wheels, called ‘‘skidding force,”’ 
due to skidding against a car track or curb. 


Vig. 29. Testing the rear-wheel bearings for play. Wobbly 
rear wheels are caused by their being loose, or rear axle ends 
bent due to skidding against curb or from car tracks. 


Testing rear-wheel bearings: Lost motion in a 
rear-wheel bearing is best tested for by taking hold 
of the tire with one hand to steady the body, then 
working the wheel up and down with the other hand, 
assisted by the knee and lower portion of one leg 
(Fig. 29). When the right hand is placed on the 
hub, the right leg is often more conveniently used 
than the left, as shown in the illustration. 


Keep spring clips tight: It is well to notice the 
spring clips occasionally, especially when the car 
is new. In fact, it is a good idea to tighten the 
bolts holding the spring clips occasionally. A loose 
spring clip will often cause a disalignment. 


Why tires wear unevenly: Very often, when a 
front tire has a worn place around the tread, it is 
due to disalignment. The reason why a right rear 
tire wears faster than others is the fact that the 
crown of the road is oval, and also that as most of 
the driving is done on the right side, the weight is 
thrown more on that side. 


Tighten the hub caps: Occasionally hub caps are 
lost. through carelessness in replacing them after 
lubricant has been applied. While they should be 
set up snugly, undue force should not be used, as 
the threads of the brass member may become 
stripped. An excellent plan is to screw the caps up 
tightly, and then to tap the wrench a light blow 
with the hammer. Sometimes too much lubricant 
is used, and when tightening the cap, the grease gives 
one the impression that the cap is snug. 


On wire wheels it is very necessary that the hub 
cap be drawn very tight, otherwise a noise and 
probable damage will result. See also page 601. 


Adjustable stop screws on front axles: Adjust- 
able screw stops (C) (Fig. 31, page 906) are pro- 
vided in the body of the I-beam front axle against 
which, bosses forged integral with the steering- 
knuckle arms strike, to limit the cramping angle of 
the wheels; the amount of this cramping angle is 
determined by the interference of the tire with the 
chassis. 'The stops should be adjusted so that the 
tire does not come nearer than 1” to any part of the 


frame. 
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CAMBER, TOE-IN AND CASTER; MEANING OF 


These terms are often used in the instruction books 
of the various automobile manufacturers, but their 
meaning is vague. . The following explanations will 
make them clear. 


**Camber’’ of the Front Wheels 


The front steering-knuckle spindles of a front 
axle are ‘“‘cambered”’ about 2°, that is, the front 
wheels are closer together at the bottom or ground 
than they are at the highest point directly above, 
CENTER LINE THRU TIRE 


2° FROM CeNTER LINE OF TIRE TO VERTICAL LINE af 
VERTICAL LINE 


—— 
CROSS STEERING 
ROD OR TIE ROD 


“CAMBER” MEANS WHEELS ARE CLOSER AT BOTTOM THAN TOP 


Fig. 30. ‘Camber’ of front wheels of the Columbia front 
axle. ‘‘Camber’’ means that the wheels are closer together at 
the bottom, due to the steering-knuckle spindle being placed 
at an angle instead of being perfectly vertical; thus the wheel 
itself is inclined 2°, 


By observing the illustration (Fig. 30), which is 
a view taken when looking toward the front when 
seated in the car, it will be noted that a center line 
drawn through the center of the wheel is 2° from 
the vertical line. 


This camber is given to the steering knuckles and 
spindle when they are machined, by tilting the 
steering knuckle. If the camber has been lost, due 
to a heavy shock on the wheels or axle, it can be 
recovered by bending the front axle between the 
spring seat and the steering-knuckle yoke. It is 
best to bend cold if possible. If the axle is heated, 
do not heat quite red. 


The idea of cambering is to make the center line 
of the spindle bolt coincide, as near as it is practical, 
with the center of contact of the tire with the 
ground (C) to (S). 


The purpose is to bring the point of contact of 
the tires with the road more nearly under the 
spindle pins, or king bolts, thus permitting the car 
to be steered more easily. Wheels have a tendency 
to spread apart at the bottom and to come together 
at top, when speeding. 


On the Ford, the front wheels are eambered about 
3°, or about 1 9/16”, that is, the distance between 
the front wheels at the top is greater than at the 
bottom. If a plumb line was dropped through the 
spindle, it should strike the ground at (S) (Fig. 30), 
or about 2 1/16’ from the pivot point of the wheel 
(C). This of course varies on different cars. 


**Toe-in”’ of the Front Wheels 


To offset the wearing action on the tires by the 
“camber,” and to produce more even wear on them, 
the wheels are slightly ‘“‘toed-in” at the front. An 
additional reason for this is, that when the car is 
running at high speeds, the wheels have a tendency 
to “‘toe-out.” If toed-in too much, or not enough, 
the treads of the tires will grind. 


The term “gather of the front wheels” is also sometimes used 


instead of ‘‘toe-in.’ 


The cross-steering rod is so adjusted, that the 
distance between the front of the wheels (A) is from 
Y%" to 3%” less than at the rear of the wheels (B) 
(Fig. 31), when measured in front of the tires about 
half-way up or in line with the horizontal center 
of the hubs. Usually the measurement is taken 
from inside of the felloe of one wheel to the other. 


Do not compare ‘‘toe-in’” with “camber,’’ as ‘“‘camber’’ 
means that the wheels are set in at the bottom. 


*TOE-IN” MEANS WHEELS ARE CLOSER TOGETHER AT FRONT AY 
THAN AT REAR “B"— USUALLY 3/8 


FRONT 


TOP VIEW OF FRONT AXLE 


CROSS STEERING 
ROD OR TIE ROD 


Fig. 31. ‘Toe-in” of the front wheels, meaning that the 
front wheels are closer together at (A) than at (B). The pur- 
pose of the adjustable stop screws (C) is explained on page 905. 


The “toe-in” can be adjusted by adjusting the 
length of the tie rod from one steering-knuckle arm 
to the other, by removing the tie-rod yoke pin (P) 
(Fig. 31), loosening one or both clamp bolts (T), and 
screwing in or out until the wheels are given the 
proper adjustment. This adjustment should be 
made w:ih the wheels on the ground. If inspection 
shows that the axle or spindles are bent, it will be 
necessary to have those parts straightened or re- 
placed before correct alignment can be secured. 


The average “‘toe-in” is 34’. On the Studebaker, 
Dodge, and many other cars this is the extent of the 
“‘toe-in.’”’ On the Ford, it is about 14”. 


As the steering knuckles become loosened from 
wear, the toe-in will become affected. 


To check the toe-in: One method is shown in 
Fig. 33. Jack up the front axle. Make a center 
line on each tire as the wheels revolve. Then 
measure the distance from one line to the other. A 
straight stick with uprights can be used as shown 
in Fig. 33. The measurement should be made at 
points about where the tops of the upright are 
shown in the illustration, and this distance should 
be about 14” to 34” less in front than at the rear, 
as at (A) (Figs. 31 and 32). Another method (and 
one that is more accurate) is shown in Fig. 34. 


Fig, 32 


Fig. 33 
Fig. 82. Another explanation (in addition to that given in 
Fig. 31) of “‘toe-in” of the front wheels. 


Fig. 33. One method of checking “‘toe-in.” 


ALIGNMENT OF WHEELS AND AXLES 


Fig. 34. This illustration shows an automobile running- 
gear aligner, which has a graduated scale and will make exact 
measurements on the felloe of the wheel, front and rear (instead 
of pig ecrter te St ae a the exact horizontal 
center of the wheel. . by the Mechanical Utilities C . 
1348 N. Clark St., Chicago, Il.) ee 


“Caster’’ of the Front-Axle Yoke and Steering 
Knuckles 


This subject will require some explanation. We 
quote from the Timken manual on the subject as 
follows: 


“Caster steering effect: You have noticed the casters on a 
bureau or bed. The little wheel touches the floor at a point to 
the rear of the caster’s vertical axis. 


“Because of this the wheel trails, and does not tend to change 
the direction of motion of the bed. Steering the bed in any 
direction is done with scarcely any effort. 


“The principle of caster steering was introduced into Timken 
Detroit front axles some years ago, but by a construction some- 
what different and more effective than that of a bed caster. 


VERTICAL ( ‘ 
Ling ——; 


CENTER LINE,’ 
OFSTEER- / 
ING AXIS ° 


Fig. 35. The steering axis meets the ground in advance of 
the point of contact of the wheel. This is termed ‘‘caster 
action.”? This is why the handle bar will come back to position 
when released, and why one can pedal a bicycle with “hands 
off.”” 


If one strikes a rut or hole with a ‘‘caster action,” the jar is 
not nearly as great as if there were no “caster action,’”’ or if 
the frame were vertical. 


The caster principle is one that has long been used in the 
front wheel of a bicycle. The axle is mounted so that it tilts 
slightly forward at the bottom. Asina bicycle, straight lines 
passing through the steering heads, or the pins of the steering 
knuckles, meet the ground a little in advance of the points of 
contact with the front wheels, so that each wheel really trails 
behind its steering axis. 


“That is why the bicyclist can steer without using his hands, 


“This particular method of effecting caster steering brings 
another and a very great advantage to the driver of a car. 


“Tt would require considerable technical discussion to explain 
what can easily be seen by examining a bicycle. Turning the 
wheels to the right or left actually raises the body of the car 
slightly; thus the weight of the vehicle tends to bring the wheels 
back to the straight fore-and-aft position. 
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“This gives added security, for, if the steering gear should 
break or escape your control, the very weight of the car will 
tend to keep it on its course. 


“The safety of Timken-Detroit construction received a re- 
markable demonstration by a prominent American racing car 
on the Speedway at Indianapolis. 


“The cross-rod connecting the two steering knuckles in the, 
front axle was removed. Thus steering could be effected 
through the control of only one wheel; the other front wheel 
was absolutely independent of control. 


“With the two steering knuckles thus disconnected, the car 
wes run several times around the Speedway at forty miles an 
our. 


This ‘‘caster’ effect is given to. the steering 
knuckle at the factory, and it varies, with different 
manufacturers, from 2° to 14°, depending on the 
type of car. 


FRONT 

AXLE 

YOKE oe 
STEERING -— IRON WEDGE 
Sane 6 SPRING SEAT 
KNUCKLE ON FRONWARTE 
SPINDLE RONT T-BEAM 


Fig. 36 Fig. 37 


Fig. 36. The illustration is supposed to represent the end 
view of a front axle looking at the end of the steering knuckle. 
Line (A) is a center line through the center of the knuckle and 
axle end, which represents the ‘‘caster’’? or angle at which 
the steering knuckle is inclined from the vertical line (B), 
which, is about 2°. The distance at line (C) is about 3/16” 
orA. 


Fig. 37, An exaggerated illustration showing how to wedge 
between the front spring and the spring seat to give a ‘‘cant”’ or 
“caster” effect to the steering-knuckle spindle on the front axle. 


By observing Fig. 36, it will be noticed that the 
steering knuckle is inclined slightly, at the top, 
away from the direction of travel. The center of the 
steering knuckle (A) is about 2° off the vertical (B). 


Thus the front wheels are purposely placed 2° 
out of perpendicular (or ‘“‘castered’’), in order to 
bring the point of contact between tire and road 
more directly under the steering spindle, thus insur- 
ing easier steering and less vibration when striking 
ruts, holes, etc., in the road. 


A serious disalignment, perpendicularly, is 
occasioned only after a very severe shock, and in 
such a case it is advisable to repair or replace, as 
soon as possible the front axle or steering knuckle 
which has been injured to such an extent as to spring 
it badly. 


If the axle is not sprung and is in line, as in Figs. 
23 and 24 (page 904), but is tilted forward at the 
top, instead of backward, it can be temporarily 
given the caster effect by wedging the front springs 
between the spring and spring seat, as shown in 
Fig. 37, which will give a slight cant to the front 
axle. The wedge can be placed at the front or rear 
of the spring to give the desired effect. 


REMOVING, CLEANING, AND ADJUSTING FRONT WHEEL BEARINGS; ALSO STEERING 
KNUCKLE PINS 


All front-wheel bearings are of the roller or the 
ball type. The adjustments are given on next 
page, and full instructions are also given just how to 
take-up on steering-knuckle pin if loose or worn, 


Removing, Cleaning and Adjusting Front 
Wheel Roller Bearings 


As an example, the Timken will be used (Fig. 38). 


Front wheel bearings in ordinary service should 
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be removed, cleaned, greased, and readjusted at 
least twice a year. If the service is unusually 
severe, the condition of the lubricant and the bear- 
ing adjustment should be inspected every two or 
three months, 
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Fig. 38. The Timken-Detroit front axle steering knuckie 
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of the Elliott type. 


To remove the bearings, take off the hub cap and 
jack the wheel up clear of the ground. Wipe the 
grease from the end of the spindle and take off the 
castellated nut (A) (Fig. 38) after pulling out the 
cotter pin which locks it. 


Now, kneeling directly in front of the wheel, grasp 
the rim with both hands and pull directly toward 
you, being careful not to let the outer bearing slip 
from the hub and fall to the floor, as this may bend 
or damage the cage so that the bearing will not 
render perfect service when replaced. 


The outer bearing (B) having been removed, lift 
the wheel off the spindle, exposing the inner bearing. 


With a stiff brush and gasoline or kerosene, clean 
all old grease from the bearings, spindle, and inside 
of the hub. It is not necessary to remove the inner 
bearing (C) from the spindle to clean it, although it 
can be removed if desired. 


Occasionally both bearings should be removed, 
placed in a solution of washing soda and water, and 
brought to a boil. This cleans off any grease from 
behind the rollers which may not have been removed 
by the brush and gasoline. 


The bearings having been thoroughly cleaned and 
dried, replace the larger, or inner, bearing on the 
spindle, covering it well with good clean grease free 
from acid, grit, or any solid matter. Care should be 
taken to have no grit or dirt on the paddle. Pack 
the inside of the hub between the two bearing cups, 
and cover the outer bearing with grease. 


Adjusting front-wheel bearings: Now replace 
the wheel and, holding it firmly in position, slide 
the smaller or outer bearing on the spindle, pressing 
it firmly into the hub. 


Slide on the keyed lock washer and screw the 
adjusting nut tightly up against it, so that the wheel 
binds, at the same time revolving the wheel to 
insure all working surfaces on the bearings coming 


In contact. 


Now back off the adjusting nut just enough to 
allow the wheel to rotate freely, but without notice- 
able end play. Lock the nut at this point with the 
cotter pin. 


Be sure your bearing adjustment is right before 
locking it—the wheel should be loose enough to 
oscillate, that is, when spun, it should come to a 
stop and then start to turn back in the opposite 
oe on but not loose enough to have any amount 
of shake. 
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r adjustment is correct, cover the end 
of eteeae 5 grease and replace the hub cap, 
screwing it up tightly. 

Adjustment of steering-knuckle bearing: Tim- 
ken heavy-type passenger-car front axles, and some 
front axles for cars of medium weight, are fitted 
with a Timken roller bearing in the steering knuckle 
head (Fig. 38). 


To adjust this bearing tighten up on the nut on 
the bottom of the knuckle pin after removing the 
cotter pin. This forces the bushing on the lower 
boss of the yoke up against the steering knuckle, 
which in turn forces the bearing up into the cup for 
a proper seat. 


Do not fail to lubricate this bearing thoroughly 
with a good quality of cup grease through the cup on 
the top of the knuckle pin. 


Removing, Cleaning, and Adjusting Front- 
Wheel Bali Bearings (Chevrolet ‘*490°’ 
as an Example) 


The front wheel bearings used on Chevrolet cars 
are of the cup-and-cone type, and are very easily 
adjusted. See Fig. 39. 


STEERING ARM 
‘BUSHING 
INSIDE BALL CuP 
TIE ROD BOLT 
Fig. 39 


To keep the bearings clean and well lubricated is 
an absolute necessity if you are to secure maximum 
efficiency. Once a month the front wheels should 
be removed and the bearings thoroughly washed 
in gasoline or kerosene. 


To remove the wheel, unscrew the hub cap, 
spindle nut, and adjusting cone. (See note below.) 
The wheel can then be slid off the spindle. The 
adjusting cones screw on the spindle and can be 
removed with a wrench, gripping the milled faces. 
The hub caps have right-hand threads, unless wire 
wheels are used. 


The front wheels should fit the steering spindle 
snugly without end play. 


To adjust the bearings, spin the wheel and at 
the same time screw the adjusting cone up until it 
is tight enough to stop the rotation of the wheel; 
then unscrew the adjusting cone just enough to 
allow the wheel to spin. 


_ Note: The lock nut and adjusting cone on the 
right-hand wheel (as viewed when one is seated in 
the car) has left-hand threads. To unscrew, turn 
to the right. The lock nut on the left-hand wheel 
has right-hand threads. To remove, turn to the 
left. When the lock nuts are removed, the wheel 
can be pulled off very easily, as the cone merely 
slides on the spindle. tn eke tblen a 


ADJUSTING FRONT WHEEL BEARINGS 


Before replacing the wheel, examine the felt 
washer. If 1t is damaged, replace it after prying 
out the retaining washer. Press the cone in as 
far as possible and slide on the retaining washer. 
Then turn the cone until the lug on the washer fits 
into the recess on the back of the cone to prevent its 
turnmg. Tighten up the lock nut until the wheel 
has no perceptible side play on the spindle, but still 
revolves very freely; then replace the cotter pin 
and spread it and then screw the hub eap in place. 


To lubricate the bearings, remove the hub cap 
and pack it full of cup grease, and replace. If the 


bearing is dry, repeat this operation two or three - 


times. 
If grease runs out, between the hub of the front 


wheel and the steering knuckle, the cause is either 
too much grease or a defective felt washer. 


Adjustment of Front-Wheel Bearings and 
Front-Axle Steering Knuckle (Mitchell 
Model ‘‘F”’ as an Example) 


There are two adjustments in connection with the 
front axle, namely, the wheel bearings, and the 
steering-knuckle ball bearing. 


Should play develop between the steering knuckle 
and the axle, it may be taken up by loosening the 
nut at the bottom of the pivot pin and tightening 
the pin by screwingit down. It should be tightened 
just enough to remove the play and not enough to 
bind the bearing. With the adjustment made, the 
nut should be replaced on the bottom of the pin and 
locked with a cotter pin. 
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Fig. 40 


In reassembling the wheels on the steering 
knuckles, or in taking up play, the bearings should 
be carefully cleaned, the hub packed with grease, and 
the wheel mounted on the spindle with the bearings 
in place. The washer should then be mounted on 
the end of the steering knuckle and the nut drawn up. 
The wheels should be rotated by hand while the nut 
is being drawn up, and the nut tightened until the 
wheel binds. Turn the nut back until the cotter- 
pin hole in the spindle registers with the next slot 
in the nut. Rap the wheel outward to free the 
bearings, and see if the wheel spins freely, when the 
nut should be locked in place with a cotter pin. 


The correct adjustment is had when the wheel 
revolves freely with just a perceptible shake in the 
bearings. 

Grease should be packed inside the hub cap, and 
the hub cap mounted. 


Testing for Play in the Wheel Bearings 


Play in the rear or front wheels can be detected 
by jacking up the car, grasping the rim, and working 
the wheel laterally (Fig. 26, page 905). 
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If the wheel shows looseness, the adjustment 
nut should be tightened. This nut is located within 
the hub cap, and whatever its shape may be, it is 
made so that a slight turn makes a considerable 
change in adjustment. Do not have the wheels too 
tight, but turn the nut until the wobble disappears. 


sail 
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Fig. 42 


Fig. 41. Taking up play in a front wheel having roller 


bearings. 


_ Fig. 42, A good method of getting the bearing into position 
is to slip a short length of pipe over the spindle, against the 
inner shell of the bearing, and to drive the bearing to its proper 
place by hammering on the pipe. 


In case of ball-bearing wheels, it would be well to 
take out all the balls and examine them for wear. 
If any signs of wear are found, remove and replace 
the worn balls at once. The ball races should be 
carefully cleaned with gasoline and freed from the 
slightest suspicion of grit. The same attention as 
regards cleaning should be given the bearings. 


If a “‘click”’ is heard when turning the front wheels 
with ball bearings, look for a broken or cracked 
ball, and remove it at once, otherwise it will ruin the 
entire bearing. 


Do not fail to see that the felt washer or grease- 
retainer washer is in place, so that grease will not 
work out between inner part of the hub and the 
bearing, when replacing. 


To Adjust Steering Knuckle 


Steering yoke and knuckle: Wear between the 
steering yoke and knuckle can be taken up by a 
thin shim put under the bottom of the steering 
knuckle if it is worn to such an extent that the 
adjustment does not take up the wear. 


Steering-knuckle pin and bushings: Steering 
knuckle pins and bushings are usually assembled 
with a clearance of .005’’.. This clearance permits a 
perceptible looseness of the pins in the bushings, 
but with a closer fit than this, steering becomes stiff. 


An Example of Rebushing a Front-Axle 
King-Pin Bearing 
For this example we shall use the front-axle 
assembly of the Traffic truck. Note the lower and 
upper bronze bushing in the axle yoke which is the 
bearing surface for the king-pin or steering-knuckle 
pin. 
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After most trucks have been in service for a con- 
siderable period of time, certain parts of the front 
axle will become worn to such an extent as to cause 
“lost mostion” or looseness in steering. This wear 
depends almost entirely upon the lubrication the 
various parts receive. 

In designing the Traffic truck these points were 
taken into consideration, and therefore bronze 
bushings are provided in all such parts as are most 
subjected to wear. Such bushings will be found at 
the upper and lower ends of the axle yoke in which 
the king-pin revolves, and in the tie-rod ends. 

There is nothing difficult about replacing the bush- 
ings, as the work may be done with the aid of such 
tools as the average truck owner has in his posses- 
sion, 

To replace the axle bushings it will be necessary 
first to remove the king-pins and steering spindles. 
This may be done by raising the front axle until the 


a TYPES OF FRONT-AXLE 


Types of Front Axles 
The principle of steering an automobile, aS eX- 
plained on page 10, is termed the Ackerman principle. 
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weight of the truck is removed from the front wheels, 
removing the steering arms and driving out the 
steering-spindle king-pins. The bushings may now 
be driven out with a flat end punch slightly smaller 
than their outer diameter. The tie-rod end-bush- 
ings may be driven out in a similar manner. 


The new bushing is now driven in, taking care 
that it goes in perfectly straight so as not to affect 
the “line-up” with the other parts. _As the bushing 
will shrink when being pressed in, it is usually neces- 
sary to bore out its inner wall slightly so as to make 
it the exact diameter of the king-pin or bolt it is to 
receive. This may be done with a special reaming 
tool, care being taken that it does not wobble or 
chatter when being turned through the bushing, as 
this will destroy the bearing surface. 


The new part should not bind in the bushing, as 
this will prevent lubrication, causing the bushing 
to “freeze’’ or seize the king-pin or bolt. 


STEERING KNUCKLES 


The type of front-axle steering knuckle in general 
use is the Elliott (Fig. 44). 


Another type, the Lemoine, used on the Marmon, is shown 
in Fig. 45. 


In the reversed Elliott type 
(Fig. 45A), the yoke is mounted on 
the steering knuckle spindle, 
while the steering knuckle is 
mounted on the axle. (Used toa 
limited extent on some large 
vehicles, such as busses, which 
permit a very low center of 
gravity.) 


Fig. 45A 


ADJUSTMENTS OF TIMKEN REAR AXLE DRIVE PINION AND BEARINGS 


The rear-axle drive pinion and bearing adjustments (Figs 
46, 47, 48) are on later types of Timken axles than those shown 
on pages 865, 867. 

There are three conditions which make adjustment of drive 
pinion, differential gears, and bearings necessary: (1) noise; 
(2) excessive backlash in gears; (3) loose pinion or differential 
bearings. 

Noise is the most common condition—see instructions on 
pages 865, 867. Be sure the drive-pinion shaft bearings and 
differential bearings are properly adjusted. 

Adjustment of Timken drive-pinion shaft bearing (Fig. 46): 
Remove cap screws (O) and (X) which hold the bearing cage 
(L). After removing cage, add or remove shims (M) until 
properly adjusted, which is about .003’ loose, or the thickness 
of thinnest shim. 

Adjustment of drive pinion gear (Fig. 46) to eliminate noise and 
backlash, is made by loosening cap screws (O) and turning (B). 

Adjustment of differential bearings is made by tightening 
up on adjusting rings (J) and (K) as explained on page 865, 


FIG 46 
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drive pinion adjust- 
of bearings, by re- 


t ) ( Adjustment 
tnoyving shims (M); adjustment of mesh of drive pinion and 
ring gear, by turning (B), 


’ Adjustment of Timken drive pinion for backlash and elimina- 

tion of noise (Fig. 47): Loosen cap screws (A) and turn adjust- 
ing ring (B) about 2” to the left. Tighten (A) and run axle 
to determine _whether noise has increased or lessened. If 
lessened, continue adjustment by turning (B) to left until 
quietest point is found. If noise is increased, then adjust (B) 
to right to obtain quietest running position. Tighten (A). 


Adjustment of drive pinion shaft bearing (Fig. 47): Remove 
lock bolt (E) and lock (D), and turn adjusting cap (M). 

Adjustment of differential bearings is made by tightening 
up on adjusting rings (J) and (K), as explained on page 865. 
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_Fig. 47. Timken Models 5114, 5140, rear-axle drive pinion. 
Note oil seal (Q). Bearing adjustment, by turning (M); 
mesh of drive pinion and ring gear, by turning (B). 

Wig. 48. Timken Model 0500, rear-axle drive pinion. 
Bearing adjustment, by turning (E); mesh of drive pinion and 
ring gear, by removing or adding shims (F). 


__Oil seal: In Figs. 46 and 47 there is a hydraulic cup leather 
(Q) oil seal used on drive-pinion shaft. The seals need no 
attention, as a special tension spring (Y) keeps the leather cup 
tight. After long use it may be necessary to replace QQ). Tt 
so, remove lock wire (P) and outer tension spring (Y). This 
releases the tension on the cup leather (Q) which can be re- 
moved. To remove axle-shaft oil seal, “t is first necessary to‘ 
pull out axle shaft from housing. This oil seal is also used on 
fixed hub types of axle shafts, as on page 883. 

Adjustment of Timken drive pinion shaft bearings (Fig. 48): 
First straighten lock washer (D). Loosen lock nut (C). 
Tighten adjustment nut (E) until shaft turns freely without 
noticeable end-play. Tighten (C) and peen over (D). 

Adjustment of drive pinion for backlash to eliminate noise 
(Fig. 48): Move drive pinion in toward ring gear by adding 
shims (F). To move drive pinion in opposite direction, remove 
shims (F) as required. 

Adjustment of differential bearings is made by tightening 
ae pats ring (J) and (K), similar to explanation on 

age 865. 
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COMMERCIAL CARS: Trucks; 


Types and 


Construction; Transmissions; 


Truck Engines; Governors; Truck Chains; Dump Bodies and Hoists; 
Trailers; Truck Axles; Worm-Gear Ratio; Taxicabs 


Commercial cars include those cars principally 
used for commercial purposes, such as trucks and 
taxicabs. 


It is interesting to note that the automobile 
truck and delivery-wagon manufacturers have 
increased at a very rapid rate, even greater in pro- 


portion than the manufacturers of the passenger 
car. 

There were 10,449,785 passenger cars and trucks 
registered in 1921: a gain of 1,517,327 over 1920, or 
16.9 per cent. Thus the importance of the auto- 
motive industry and its potential needs is plain. 


TRUCKS: GENERAL EXPLANATIONS 


Probably the subject of trucks will interest many 
of our readers, as it is fast taking the place of horse- 
drawn vehicles. There is not much to be treated 
under this head, however, as the truck, as a whole, 
involves precisely the same principle as the pleasure 
car—with the exception of minor details of construc- 
tion which will be taken up in their respective order. 


Therefore for one to master the truck construction 
and operation, he has but to refer to the subjects of 
engines, carburetion, ignition, lubricaticn, operating 
a car, etc., discussed elsewhere in these pages. 


Truck Motive Power 


Motive power used for trucks is derived from: 


1. Gasoline engines (used most). 

. Gasoline engines and electric motors. 
. Electric motors. 

Steam. 


He Oo bo 


Truck Engines 

The general principles of the gasoline engines, as 
generally employed on trucks, are identically the 
same as those used on pleasure cars; the ignition, 
carburetion, clutch, and all parts, with minor ex- 
ceptions, such as governor and starter, and the 
drive principle, are identically the same. Therefore, 
if the reader will master these subjects, he will then 
understand the construction of a truck. 

Four-cylinder engines are used mostly on trucks. 
Some manufacturers use the two-cylinder-opposed 
type of engine, but not the six, eight, or twelve. 
See page 936 for a typical truck engine. 

The four-cylinder engine is more efficient for 
truck and tractor use than a six or twelve-cylinder 
engine. The four has less parts, is simpler to care 
for, and as its speed is less than that of a pleasure 
car, the four-cylinder engine is the adopted type for 
trucks and tractors. See also pages 937, 38, 39. 


The main difference between a passenger-Car 
engine and a truck engine is explained below. 


Passenger-car engines must be constructed as 
lightly as possible consistent with strength, so that 
the total weight of the car can be kept at a minimum. 
It is rarely ever called upon for its maximum power 
at any speed, andonly asmall percentage of developed 
power is required under normal driving conditions. 
The result is that the resistance offered the power 
impulses is small in proportion to the developed 
power of the motor. Therefore in_ design, the 
weight and strength of the reciprocating parts are 
in proportion to the resistance offered the power 
impulses in average service. Consequently the 
engine is lightly constructed throughout, accelerates 
quickly, and attains a high speed. 


Truck engines are called upon for a larger per- 
centage of their developed power at practically all 
times. Therefore the moving parts are more gener- 
ous in size, and are designed to withstand greater 
strains. The engine must operate for long periods 
of time under a great many unfavorable conditions, 
such as heat and dust. This calls for more adequate 
cooling facilities and generous water radiatingsurface. 

Ignition must be positive and simple, and as the 
speed is limited, and because of the governor action 
on the carburetion mixture to the cylinders, the mag- 
neto is the adopted type of ignition for most trucks. 

Starting is usually by hand crank in connection 
with the “impulse” starter. See also pages 281, 286. 

Governor: A great number of trucks use gover- 
nors. Gasoline feed is usually gravity principle. 


Truck Drive Methods 


The driving methods are: 

1. Double-chain drive. 

2. Propeller-shaft drive (used most). 
3. Two-wheel drive. 

4, Four-wheel drive. 

The double-chain drive has the advantage of a 
golid or ‘‘dead” rear axle, but has the disadvantage 
of a chain, which causes considerable wear and jerky 
action. 

The worm-driven rear axle with a propeller-shaft 
drive method is considered the best. A “‘live”’ axle 
is used, but constructed in such a manner that it 
is as substantial as a “dead” axle. 

The maximum speed of the average truck is 9 
m.p.h. for heavy duty, and 25 m.p.h. for light duty 
trucks. 

Types of Trucks 

Trucks are classified as to their carrying capacity, 
and are usually rated as 14-ton, 34-ton, 1-ton, 1% 
ton, 2-ton, 2/4-ton, 314-ton, and _5-ton capacity. 
Those in greatest use are of 1 and 2-ton capacity. 
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Fig. 1. Top or plan view of a truck chassis using a double- 
chain drive. Note that the rear axle is a ‘‘dead”’ type of axle, 
and the differential is mounted on the jack-shaft (see pages 
6and15). Theengineisa four-cylinder engine. In fact, most 
truck engines are four-cylinder (see pages 37, 38, 39). 
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RADIATOR 
Fig. 2. Top or plan view of a truck chassis using a propeller- 


shaft and worm-gear drive. Note that the rear axle is a ‘‘live” 
type of rear axle, The differential is mounted on the axle shafts, 


We shall classify commercial cars in three divi- 
sions: motor delivery, trucks, and taxicabs. 


When the 14, 34, 1 and 114-ton trucks are fitted 
with pneumatic tires, they are called “motor 
delivery” or ‘‘speed wagons,” etc. 


How to select a car for commercial use is treated 
elsewhere. See page 640. 


The motor delivery is usually an automobile of 
the passenger-car class, with a special delivery body, 
as illustrated in Fig. 3. Inasmuch as this type of 
car was treated in previous instructions, it will 
not be further dealt with here. 


OILED -DUCK CURTAINS 


STEEL BODY 


PAC 


Fig. 3. Dodge light delivery, 

The specifications of a light motor delivery are 
similar to those of the standard passenger car, except 
that various parts have been strengthened. 


The gasoline tank is beneath the driver’s seat, 
and the steering wheel has been set at a higher 
angle to give a greater loading space. 


Maximum load, ... . 1,000 to 1,500 Ibs. 
Bi Rr ee SOD niente Be hl 
Loading space... 72” x 43" 
Wiheelbasela se. ene yon n=: 114” 
Clutch eet e.e0e = ee ee ..dry plate 
Geaniration dan a;. aaah ot oe .4 to 1 
Od Viet een Pe ee ae steel, 54”high 
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The truck is constructed along the same lines, 
except that the chassis, engine, axle, and all parts 
are heavier, and the chain or worm drive is usually 
employed. 


Truck Gear Shifts and Gear Ratio 


The gear shift is usually the S. A. E. standard 
three-speed (page 29) for light-duty trucks, such as 
1-ton capacity and under, and the S. A, standard 
four-speed truck gear shift (Fig. 4) for heavy-duty 
trucks of 2-ton capacity and over. 


WEUTRAL 


Fig. 4. Standard 4-speed S.A.E. truck-gear shift position. 

Gear ratio: Three speeds forward are usually 
provided on light-duty or high-speed trucks under 
2-ton capacity. Many of the manufacturers are 
adding a 4-speed transmission, however. 


Heavy-duty trucks of 2-ton capacity and over, 
are usually equipped with a 4-speed transmis- 
sion, the ratio of the fourth speed being 1, or 
direct drive from the engine to the rear axie. On 
some trucks, the fourth speed is higher than the 
direct drive. 


Details of Three Models 


Capacity ibsas aceon 2,000 4,000 7,000 
TICO leat ott. See pe eee ee eee $1,575 $2,200 $3,000 
Wheelbases in. of tere ene 128 148 168 
‘Tires front ences oe ae 34x3 36x4 36x5 
IPCs ALCAN. Ue aoe os 34x4 36x6 40x5 
OTC he lke ariey Qcpecny ei ae 34 4g 4 
Stroker ere ee ete mere me 5 54 516 
Horse powers eaeee ee 19.61 27.20 32.40 
Speed, jz pumiet cee Ue nee 1,700 1,300 1,200 
Speed mip hus snes oe een: 22 digi 9 to 14 
ear, ratio in high gear........ 734-1 816-1 1014-1 
inal drive ence ce ee Worm Worm Worm 


Operating a Truck 


It would be merely a repetition to go into details 
here regarding the operation of a truck, because it 
involves identically the same principles as explained 
in connection with the operation of a pleasure car. 


Trailers: See Index. 


FORD ONE-TON TRUCK 


The engine, with its ignition and carburetion, 
cooling and lubrication systems, is the same as the 
model “T”’ (see Ford instruction), 


The clutch is the standard Ford multiple disk in 
oil, delivering the drive to a two-speed planetary 
gearset in unit with the engine. From here the 
final drive is by means of a propeller shaft and 
overhead worm, instead of a bevel pinion gear. 


From the worm the drive transmission passes 
through the bevel-gear differential and semi-floating 
rear axle to the rear wheels. . 


The Ford truck is rated at 1-ton capacity and has 
30” x 319’ pneumatic tires in front and 32” x 414” 


in the rear. It can be specially equipped with solid 
tires on the rear wheels. 


The wheel base is 123” instead of 100”. 
of the truck chassis, 
Ibs.; with 
1,340 Ibs. 


The springs are of the same principle as those 
used in the Ford passenger car, excepting that they 
are made heavier in the rear to withstand a great 


load. This is a transverse type, having an arch in 
the center. 


3 ead of 1¢ Weight 
with solid tires in rear, 1,395 
demountable rims for pneumatic tires, 


The wheels are of the wood artillery type. — 
Brakes, steering gear, control system, etc., are the - 
same as on the model “T.” ; 
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Fig. 5. The Ford worm gear rear axle and heavier springs 
are the features in which the Ford truck differs chiefly from 
the Ford passenger car. Pneumatic tires are standard equip- 
ment. Solid tires can be obtained specially. 


The principal changes are in the rear worm drive, 
and heavier rear spring and tire equipment. 


Tail and side lights are oil or electric. The frame 


is larger and heavier. 

To obtain details of construction, adjustments, 
etc., other than of the rear axle, see the Ford instruc- 
tion. 


pute worm-gear ratio” and also page 8 for the 
meaning of ‘Gear ratio.” 


The rear axle reduction of the worm and gear of 
the special gearing is 5 1/6 to 1 on high; 14 to 1 on 
low; and 21 to 1 on reverse speed. 

This rear axle is of the “plain live type” construction, because 


the inner bearings are on the axle shaft and the axle shaft 
supports the differential. 


Ford Truck Specifications Condensed 

Engine: Four-cylinder; cylinders cast in block; bore, 334”; 
stroke, 4’; horsepower, 20. 

Frame: Heavy pressed steel. 

Transmission: Special Ford planetary type; multiple steel 
disk clutch operating in oil. 

Gear ratio: Choice of standard gearing (714 to 1) or special 
gearing (5 1/6 to 1). 

Final drive: Worm-gear type. 

Starter: Ford starting and lighting system—optional. 

Wheel base: 124 inches. 


Wheel equipment: Demountable rims, pneumatic tires 
front 30 x 314”, rear 32’ x 414". (Solid tires for rear wheels 
optional.) 

Capacity: One ton. Price $380. (Elect. starter, etc., $70 
extra.) 

_Speed: With standard gearing, a speed of not more than 
15 m.p.h. is recommended, and with the special gearing, a 
speed of not more than 22 m.p.h. is recommended. 


MINIMUM CLEARANCE BET, 7 i 
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Fig. 6. Dimensions of the Ford truck chassis, 


The Ford truck chassis includes a hood for the 
motor, front fenders, stepping boards, headlights, 
tail light, horn, and a set of tools. The starting 
and lighting system is optional. 


The Ford truck may be purchased either with 
standard or special gearing. The standard gearing 
gives the truck a maximum of power. The special 
gearing increases the speed of the truck from five to 


seven miles an hour, converting it into a fast delivery 
car. 


The rear axle reduction of the worm and gear of 
the standard gearing is 744 to 1 on high gear. The 
worm gear has 29 teeth, and the worm has 4 threads 
cut on it; consequently the ratio is 29+4=7.25. 
On low gear the total gear reduction is 19.9 to 1, and 
on reverse 29 to 1. See page 956; “How to com- 


-1Q% WHEEL BASE 


from which one can estimate the dimensions for suitable bodies for various purposes. 


Disassembling Rear Axle and Differential 
(Ford Truck) 

First, remove the entire rear system from the car, 
which is done as follows: 
1. Jack up the frame of the truck to raisetherear. Ifa 

hoistis available, it willserve the purpose very well. 

2. Disconnect the universal (see Ford instruction). 
3. Disconnect the front end of the radius rods. 
4. Disconnect the brake rods. 

If the rear spring shackles are now disas- 
sembled, thereby freeing the rear system from 
the frame, the entire rear system may be rolled 
from the truck. 

5. Raise the rear system and support the axle hous- 
ing near each end. A pair of carpenter’s horses 
will be handy for supports. ‘ 
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BRAKE EXPANDER ADJUSTMENT COLLAR 
Fig. 7. Ford truck rear axle—longitudinal view. 


6. Unscrew the drive-shaft tube-flange screws. To remove, force a bedide re the be ee of 
7. Remove the rear-axle housing cap. shaft, and drive out the two half-rings. en force 
8. Take out the bolts which join the two halves of the gear off the differential end of the shaft. 


the axle housing. Reassembling 


9. Remove the rear wheels, after which the two In reassembling the system, take care to replace 
pe of the pag Pane aay re pulled apart, parts correctly and to use new paper liners. 
perc Y. pO BENG: CTCLEA BAT LO AVIEW.. Lubrication of the rear axle is accomplished by 
The differential gear case may now be disas- the use of a good semi-fluid oil, and it is only neces- 
sembled. Sary to see that an adequate supply is in the axle 
To remove the worm, proceed as follows: ee A ee truck shale have its axle lubri- 
ie : . : eee cant changed after 500 miles, again after 1,000 
1. Take out the drive shaft to worm coupling es a miles, and thereafter whenever the condition of the 
. Remove the front-worm roller bearing with its 


aes ‘ lubricant demands it. Two grease cups insure 
retamer and felt. These can be slipped over the lubrication of the axle-shaft roller bearings. 


bo 


the coupling. : These cups should be filled with cup grease and 

3. Now drive the coupling from the drive shaft should be given one complete turn every 100 miles. 
pee the worm should be forced from the After reassembling a rear axle, the truck should 
coupling. 


y ; be jacked up; the differential should be filled with 
4. Unscrew the worm-thrust bearing-retainer nut, oil, and then run for 10 minutes to allow the lubri- 
after which the retaining washer, thrust bearing, cant to reach all parts. 


and tear W orm roller bearing can be taken off. Adjustments: As on the Ford passenger car, 

The differential gears fit on splines cut on the there are no adjustments on the rear axle. When 
axle shaft. They are held in place by means of two the parts are worn they are replaced, the parts 
half-rings which fit into a groove cut in axle shaft. costing less than the repair. 
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Fig. 8. Ford truck rear axle—cross 


-section showing worm and worm gear. 
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G.M.C. MODEL “K41”? TWO-TON TRUCK 


Specifications 


This model is built in two lengths: type “A,” 146” wheel 
base; type ‘‘B,” 158” wheel base. 

Load capacity: 4,000 pounds, with additional maximum 
allowance of 1,500 pounds for body equipment. 

Engine: G.M.C. design and manufacture; four-cylinder 
“T)” head, water cooled; bore 4”; stroke 51’. 

Horse power: By S.A.E. formula, 25.6; actual horse power 
at governed speed, 37. 

Cylinder and crank case: Cast in unit; cylinders, removable 
sleeve type. 

Lubrication: Positive pressure system from gear pump, fore- 
ing oil with constant pressure to all bearings of engine; chassis 
lubrication by pressure-gun system. 

Governor: Fly-ball type of special manufacture. 

Carburetor and fuel supply: G.M.C. two-jet type of car- 
buretor with special heated intake manifold; fuel by gravity 
from sheet-steel tank of 2014 gallons capacity. 

Cooling: Combination pump-driven and thermo-siphon; 
pump capacity approximately 20 gallons per minute. 

Radiator: Continuous fin, tubular, built-up type; capacity 
71% gallons. 

: Ignition: High-tension magneto with impulse-starter coup- 
ing. 

Clutch: Multiple-disk dry-plate type of special manufacture. 

Transmission: G.M.C. selective two-range transmission, 
each range having four forward speeds and one reverse; in 
unit with the engine; provisions for tire pump and power takeoff. 


Rear axle: Worm drive, full floating, with gear ratio of 7.25 
to 1; drive through radius rods from rear axle to frame, 


Frame: Pressed open-hearth steel, heat treated. 


Brakes: Service and emergency, both internal expanding; 
interchangeable brake rods, meaning that when the foot-brake 
linings become worn, the pedal may be connected to the hand- 
brake linings, which are usually in good condition, because 
the hand brake is not used as much as the foot brake, The 
hand-brake lever is then connected with the old _foot-brake 
linings which are sufficient to hold the truck, as the hand brake 


is only used to lock the truck when stopped. 

Wheels: Metal, hollow-spoke type. 

Tires: Solid, 36’x4” front; 36’x7” rear. Pneumatic, 
non-skid cords, 36’ x6” front and 40”x8” rear, supplied at 
extra cost. 

Maximum body length: A, 1144 {t.; B, 13} ft. 

Road Clearance: Rear axle, 914”, solid tires; 12’ pneumatic 
tires. 

Turning radius: Type ‘‘A,” 2819 ft.; type “B,” 31 ft. 

Weight of chassis: Type ‘‘A,’’ 5,245 pounds; type Ba 
5,285 pounds. 

Controls: Left-hand steering and center control; sparlc and 
throttle levers located on segment with connections outside of 
steering column; foot throttle operated by driver’s right foot; 
ignition and light switches, oil gauge, ammeter, and choker 
throttle located in instrument case on dash. 

Equipment: Electric headlamps mounted on radiator side 
members, electric tail lamp, generator and storage battery, 
horn, tool kit, and jack. 


33 
FRAME WIOTH 


t+ 


a_i 


(=) ae 
yy ale 
Sig EY Uth ale 
elt yp gle 
4 s atte 
$ 3ExX7 SINGLE SOLID|TIRES. ™]m 


FRAME WIDTH 


i 


= y 

bg REMOVABLE FLOOR BOARDS 
2 ORILL NO HOLES IN TOP OR OVER WORM COVER TO GIVE 
5 BOTTOMFLANGES OF SIDE RAS AN OPENING 23X16 AS SHOWN, 
% TOOL SPACE 

4 BATTERY, SPACE 

za BEX IGz X13. 2 HIGH-MIN. 

> FUEL TANK SPACE CYLINDRICAL 

15 DIA X32 LONG-MIN. 

Ls 

4 FRONT OF DAS 

3 y 

e ——— 49 25 20 


= 54- ol 26 


IpODY CROSS 
BARS MUST 
MoT BE FUT 
IM THIS SPACE. 


-235 KADIVS |FOR 
UNDER SIDE QF” 
FENDER oR |~ 
WHEEL HOUSING” 


~ 
PUNIMUM DISTANCE TO BOT TOIT 
OF FLOOR TO CLEAR REAR AXLE 


WHEEL SGASE. 


hie iar 


viene 146 


z2\t) OVERALL: 
% 


i i i id tir ivi ‘incipal dimensions. The load 
i i i _M.C. 2-ton truck chassis equipped with solid tires, giving the principal ¢ 
ee rae ive Ue Ta woe which 1,500 Ibs. is allowed. When the load of 4,000 Ibs. is removed, the frame 


will rise 3”. 


916 


The main features in which the G.M.C_ truck 
differs from other trucks is in the two-range trans- 
mission and the engine cylinders fitted with sleeves. 


Engine 


Engine: 4-cylinder “L-type; detachable head. 
Removable cast-iron cylinder sleeves (or barrels) 
pressed into the cylinder block are used. These 
sleeves can be removed when worn and new ones 
substituted. Thus if a cylinder is scored, or if the 
cylinder wall is damaged, it is not necessary to 
re-bore; pull out the sleeve and substitute a new 
one. 


“cylinder-sleeve’’ removed from 
The piston moves in this sleeve. 


Fig. 10. Illustrating a 
the cylinder block. 


To remove the sleeves, the cylinder head is 
removed and the oil pan is removed so as to remove 
the piston and connecting rod. The sleeve is with- 
drawn and replaced by a special assembly tool 
(Figs. 11 and 12), explained as follows: 


To Remoye Cylinder Sleeve 


To remove the sleeve, first take off the cylinder 
head and oil pan, and withdraw the piston and con- 
necting-rod assembly from. the cylinder to be 
replaced. 
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Fig. 11 


Fig. 12 
Fig. 11. 
Fig, 12. 


Removing: the cylinder sleeve. 


Replacing the cylinder sleeve, 
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Refer to Fig. 11 for an assembly of the tool in 
place for withdrawing the damaged sleeve. First, 
insert the long bolt (7) in the bottom plate (6) and 
place this in the sleeve (1) as shown by illustration. 
Put the upper part (5) over the cylinder so that its 
edges clear the top of the sleeve, as shown, and slip 
the spacer nut (8) over the bolt and, by turning the 
nut (9), pull the bottom plate (6) up to the position 
shown. Part (5) is used on all three sizes of G.M.C, 
engines, and has been so designed that there is a 
position on each cylinder where it will clear the studs 
so that it is not necessary to remove the cylinder- 
head studs. 


Make sure that the bottom plate (6) is well 
centered on the bottom end of the sleeve, and then 
tighten the nut (9) until there is a good strain on it. 
Then strike the top of the bolt (7) a good sharp blow 
with a hammer, which should break the sleeve loose 
from its seat, and then, by turning the nut (9), pull 
the sleeve up until the top end of it comes in contact 
with part (5). Then remove the tool plate, ete., and 
by prying under the bottom edge of the flange on 
the top of the sleeve at two opposite points it will 
be possible to pull it the rest of the way out. 


To Replace Cylinder Sleeve 


Before replacing the sleeve, clean out the old 
gasket (3) in the corner of the recess at the top of 
the cylinder block for the flange of the sleeve, and 
put in a new gasket (Fig. 12). Also, remove the 
cork gasket (4) from the groove in the cylinder 
and clean the groove out thoroughly and put in a 
new cork ring, taking care not to break it when put- 
ting it in. If the cork is soaked in warm water, it 
will be easier to handle it, 


To insert a new sleeve first paint lightly the 
entire outside of it with a mixture of red lead and 
machine oil. Then push it down into place as far 
as it will go by hand, and tap it down with a lead 
hammer or wooden block until the replacing tool 
can be put.on as shown in Figs. 12 and 13. 


Plate (6) should be inserted in the sleeve as shown, 
and in its center should be dropped plug (10). Slip 
the bolt (11) through part (5) as shown, and screw 
on the nut (8) so that the bolt is just flush with the 
bottom of the nut. Then place part (5) over the 
top of the sleeve in such a position that two opposite 
cylinder-head studs will project through the holes 
in part (5) so that the cylinder-head nuts can be put 
on to hold part (5) down on the cylinder head. 
Tighten up the eylinder-head stud nuts ( 12) and 
then serew down bolt (11) (Figs. 12,18) and push the 


Fig. 13 
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sleeve down in place. ‘The process of pushing down 
can be assisted by tapping the top of bolt (11) with 
a lead hammer from time to time as it is screwed 
down. Make sure that the top of the sleeve flange 
goes down until flush with the top of the cylinder 
head, so that the cylinder-head gasket can be 
properly seated. 


G.M.C. Manifold and Jackets 


Exhaust gas from the manifold is employed to 
heat the in-going fuel and air. Fig. 14 shows a 
section through the center of the intake and exhaust 
manifolds, governor-throttle body, and carburetor. 


GOVENOR 
THROTILE 


Fig. 14. G. M. C. combined inlet and exhaust manifold. 


Principle: [Exhaust gas leaving the cylinders at (A) enters 
the exhaust manifold where the major portion of it goes out 
through (B) to the muffler. Some portion of it, however, takes 
the course indicated by the arrows and strikes the wall of the 
intake manifold at (C). Some of the gas goes down back of 
the governor-throttle body as indicated at (D), and passes on 
through (E) to the heat jacket (F, F, F) surrounding the upper 
part of the carburetor. 


From this point, it goes down through the tube (G) and 
circulates through the space around the low-speed jet at (H) 
and passes out into the atmosphere at (J). 
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Adjustment: In very warm weather it may be found that 
this system provides too much heat, and that an excessive 
amount of heat reduces the power considerably. 


In order to control the amount of heat used, two adjustments 
are provided. The first of these is the shutter (1). When 
open, it allows the exhaust gas to escape at (K) instead of cir- 
culating through (H) and going out at (J). This prevents pre- 
heating of the fuel and of the in-going air at the low-speed jet. 


Should there still be too much heat with the shutter (1) open, 
the damper (2) may be partially or entirely closed. As will be 
seen from the drawing, this damper may be used to close off 
the passage from the throttle-body jacket (E) into the carbure- 
tor Jacket (F). 


This damper is provided with a lock nut on the outside to 
hold it in any position desired. The (T) handle on the damper 
is parallel to the butterfly valve on the inside, so that. the posi- 
tion of the handle on the outside indicates the position of the 
valve inside. 


Electric System 


The Remy generator with third-brush regulation 
and thermostat control with cut-out on the top of 
the generator is used. See page 362 for explanation 
of this type of generator. 


Ignition: The ignition is by means of an Eisemann 
high-tension magneto entirely independent of the 
electric system, An impulse starter is used. ‘The 
timing order is 1, 3, 4, 2. The breaker gap on the 
magneto is .012. 


To check the ignition timing: Turn the engine 
over by hand until No. 1 piston is at the top of its 
compression stroke. In this position, the setting 
mark (see page 269; ‘‘Hisemann magneto type G4’’) 
on the rotating distributor disk should be just under 
the set-screw pointer at the top of the magneto 
frame. If it is not in this position, the timing is 
incorrect and the coupling should be re-set. 


To re-set the coupling, leave the engine on top of 
dead center of No. 1, as described above, and loosen 
the two clamping screws on the forward end of the 
impulse coupling. When these screws have been 
loosened, turn the magneto backward until the set- 
ting mark (R) (Fig. 2, page 269) is under the setting 
point. Then retighten the clamping screws on the 
magneto coupling. When tightening the adjusting 
screw, make sure that the loose intermediate insulat- 
ing disk of the coupling is not pinched endwise. It 
should have 1/50” end play. 
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Fig. 15. Wiring diagram of G, M. C. truck. 
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G.M.C. Two-Range Truck Transmission 


When a truck is operating under difficult road 
conditions, it is desirable to have a large gear reduc- 
tion. When a truck is operating under good road 
conditions, it is desirable to have a small gear 
yeduction. 


In practical trucking, it is often necessary to 
operate the same truck part of the time under good 
soad conditions, and part of the time under poor 
road conditions. Consequently it would be desir- 
able to have a truck with two different transmissions, 
either of which could be used at the driver’s option. 


In order to accomplish this result, it is only neces- 
sary to take a standard transmission and have an 
extra pair of gears between the main shaft and the 
counter shaft. This is called the two-range trans- 
mission. 
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Fig. 16. G.M.C. Two-range transmission. 

A sectional view of the transmission is shown in 
Fig. 16. To the left of the lines (A and A) the 
sransmission is the same as a standard 4-speed 
transmission. However the gear (7), instead of 
being fastened solid on the countershaft, is permitted 
to rotate freely upon 1t except when it is engaged 
by the sliding clutch (22). To the standard trans- 
mission, the gears (8) and (9) have been added. 
The gear (9) is free to rotate on the countershaft 
unless engaged by the clutch (22). 


Thus it is seen that the transmission can be opera- 
ted either through the gears (6) and (7) or through 
the gears (8) and (9), simply by moving the clutch 
(22). This clutch is operated by a range lever 
which can be moved by the driver. 


Gear Ratios 


The various gear ratios obtainable will now be 
takeu up. In Figs. 17 to 24, the two-range trans- 
mission for 2-ton trucks is shown diagrammatically. 
The numbers of the gears refer to the number of 
teeth on the gear. Thus gear 12 has 12 teeth; gear 
33 has 33 teeth, etc. The dotted arrow shows 
the course of the power transmission. The rear axle 
of the 2-ton G.M.C. truck has a ratio of 7.25. 


Transmission in Low Range 


Let us put the range lever in low position. This 
will engage gear 33 (Fig. 17) (shown as gear 9 in 
Fig. 16) with the countershaft. 


DYKE’S INSTRUCTION No. 76 


If the gear-shift lever is put in first speed, the 
transmission will be in the position shown in Fig. 17. 
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Low—first. Fig. 18. Low—second. 
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The gear ratio effected will be: 


1st speed: 7.25 (rear axle) x #$ x #§=49.08. 


Shifting the gear lever to second speed, we get the 
position shown in Fig. 18. Here the ratio is: 


2d speed: 7.25 x 323 x ?3=29.91. 


Shifting to third speed, we get the position shown 
in Fig. 19, with the ratio: 


38d speed: 7.25 x #3 x 38=19.07. 


Fig. 19 Fig. 20 
Fig. 19. Low—third. 
Fig. 20. Low—reverse. 


Shifting to fourth speed, the power is transmitted 
directly through the main shaft, the countershaft 
playing no part. Since there is no reduction within 
the transmission, the total reduction is 7.25, 


4th speed =7.25. 
By shifting to reverse, we introduce a double 


idler gear (18) and (15) (Fig. 20) between gears 13 


and 82. The ratio here is: 


Reverse: 7.25 x #3 x 3§ x 32=58.89. 


Transmission in High Range 


Let us now put the range lever in high position, 
thus disengaging gear 33 from the countershaft and 
engaging gear 28 (Fig. 21) (shown as gear 7 in Fig. 
16) with the countershaft. 


With the gear-shift lever in first d (Fig. 
the ratio will be: pps oe heat 


ist speed: (Fig. 21) 7.25 x 38 x 38 =29.39. 
With the gear-shift lever in second speed (Fig. 22), 
the ratio will be: 
2d speed (Fig. 22): 7.25 x 38 x 73=17.91, 


Fig. 21. High—first. 
Fig. 22. High—second. 
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With the gear-shift lever in third speed (Fig. 23), 
the ratio will be: 


3d speed: (Fig. 23) 7.25 x #8 x #8=11.42. 


Fig. 23, 
Fig. 24, 


High—third. 
High—reverse. 


In 4th speed we have the direct drive again, and 
consequently the ratio is 7.25. 
In reverse (Fig. 24) the ratio is: 
Reverse: 7.25 x 79 x 28 x 9=35.27. 


Summing up the ratios, we have: 


Ratio 
SPEED 
High Low 
Range Range 
Reb ceces sh ee 29.39 49.08 
2G 7. eae 17.91 29.91 
Sdee.on 11.42 19.07 
AGT See RNS 7.25 W253 
Rev. 35.27 58.89 


In moving a heavy load, a good method would be 
to start in low range, lst speed; shift to 2d speed; 
shift to 3d speed; move the range lever to high 
range; shift to 4th speed. 


G.M.C. Rear-Axle Adjustments 


A general assembly of the rear axle showing the 
driving mechanism is illustrated in Fig. 25. Power 
is supplied by the propeller shaft to turn the worm 
which is shown above, having teeth in contact with 
the worm wheel. 


G.M.C. 2-ton truck rear axle. 


Fig. 25. 


The worm wheel is mounted on the differential, 
and the hubs of the latter turn on roller bearings. 
This entire assembly of the worm, worm wheel, and 
the differential, is a separate assembly in the dif- 
ferential carrier, and may be removed as a unit by 
first pulling out the axle drive shafts and then remov- 
ing the bolts which attach it to the top of the axle 
housing. 

The axle driving shafts (7) are splined on the 
inner ends, and fit in corresponding splines in the 
hubs of the differential. The outer ends of these 
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shafts transmit power to the wheels by means of 
steel flanges (6) splined and shrunk on the ends, 
which flanges are attached to the wheels by means of 
studs (5) in the end of the hub. 


All gears run in an oil bath, the worm wheel acting 
as a carrier or pump which picks up the oil and 
carries it to the worm, which, because of the high 
speed at which it runs, throws some of it off on the 
worm housing from where it runs down through 
troughs to the front and rear worm bearings. From 
the outer ends of these bearings oil returns through 
the bearings. The differential housing should be 
kept filled with oil up to the level of the filler plug 
on the back of the housing. 


The differential is of the bevel-gear type, using 
four pinions and two bevel gears, all of which are 
hardened. 


The axle shafts are of the full-floating type made 
of chrome nickel steel heat-treated, and have no 
work other than to transmit power to the rear 
wheels. 


The wheel bearings are carried on a heavy heat- 
treated nickel steel tube pressed in the axle housing 
and securely locked in place by the screw shown in 
Fig. 25. 


Adjustment of Worm Shaft Bearings 


Since Timken taper roller bearings are used, it is 
possible and necessary to have them properly 
adjusted. They should at all times allow a slight 
play between the worm and worm wheel, especially 
when the axle is cold, in order to allow for the expan- 
sion which occurs as a result of warming up when 
in operation. 


The amount of this play may be determined by 
turning the propeller shaft by hand. If turning this 
shaft indicates too much or too little backlash, the 
bearings should be readjusted by means of the cup 
(V) Fig. 26. First, loosen the clamp bolt (D). 
Next, remove the lock (B), and then turn the adjust- 
ing cup (V), which has a right-hand thread, to the 
right until any end play in the shaft is entirely 
removed. 


It is now necessary to readjust to get the proper 
amount of play to allow for heat expansion. To do 
this, back out the adjusting cup (V) three notches, 
or one quarter-turn, which is equal to .016’’ end 
play. Replace the lock and bolt in their position. 


Should oil leak out around the end of the worm 
shaft, the stuffing-box packing at this point may be 
tightened by screwing in the packing gland (H). 
Caution: Don’t try to stop oil leaks by tightening 
adjusting bearing cup (V). 


Adjustment of Differential Bearings 


To adjust the differential bearings it is necessary 
to remove the complete carrier assembly from the 
axle. 


To do this, first disconnect the universal joint 
from its flange on the worm shaft. Next, take off 
the hub stud nuts and remove both axle driving 
shafts (Fig. 25). When the bolts have been taken 
out of the carrier flange, the carrier assembly may 
be lifted out of the housing. Make all adjustments 
on the left-hand bearing only. (Fig. 25). Do not 
touch the right-hand differential bearing, as this 
will disturb the proper meshing of the worm and 
gear. (In determining Right and Left, always face 
the direction in which the car travels forward.) 
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Loosen the cap bolts (F) (Fig. 26). Remove the 
cap screw (1) and the lock (2) (Fig. 25). Turn the 
bearing adjuster (3) to the right, which will push 
the bearing cup (4) tighter against the bearing, 
thus removing end play. In making this adjust- 
ment, care should be exercised not to draw these 
bearings too tight, as it is necessary here also to 
allow for heat expansion resulting from warming up. 


When the adjuster (3) has been screwed up to take 
out all end play, it should be backed off so that there 
is a barely appreciable amount of end play, and 
should then be locked in this position. 


It will be found, especially during warm weather, 
that the differential worm housing will become quite 
warm, but this is to be expected since considerable 
power is transmitted through these gears and bear- 
ings and, consequently, temperatures up to 180 
are to be expected. 


Adjustment of Rear-Wheel Bearings 


The rear-wheel bearings can be adjusted by 
jacking up the wheels until they are free from the 
floor. By using a bar between the floor and the 
bottom of the wheel, it can be determined whether 
the wheel has any play or not. (These wheels are 
so heavy that it is difficult to determine this without 
the use of a bar.) 


The wheel bearings should be so adjusted that 
there is a barely perceptible shake in the bearing. 


If it is found that the bearings require readjust- 
ment, first take off the driving flange nuts (5) (Fig. 
25) and remove the driving flange (6) together with 
the axle shaft (7). Next, using the special wrench in 
the tool kit, remove the nut (8), and then take off 
the washer (9). Again using the special wrench, 
tighten up the nut (10) until the required adjust- 
ment of the bearing is obtained. Then replace 
the washer (9), and tighten up the lock nut (8) 
solidly. 


It is a good practice to examine the wheel bearings 
in the hubs at least every 6,000 miles, at which time 
the hubs and bearings should be thoroughly washed 
out and refilled with the proper lubricant, which is a 
light grease free from acid. Additional grease may be 
introduced at any time by removing the axle shafts. 


G.M.C. ONE-TON TRUCK MODEL ‘K-16 


Specifications 


Load capacity: 2,000 lbs., with additional maximum allow- 
ance of 900 lbs. for body equipment. 


Road speed: 25 miles per hour. 


Engine: G.M.C. design and manufacture; four-cylinder 
“L"-head, water cooled; bore 319”, stroke 519”. 


Horse power: By S.A.E. formula, 19.6; actual horse power 
at governed speed, 32.5. 


Cylinder and crank case: Cast in unit; cylinders, removable 
sleeve type. 

Lubrication: Positive-pressure system from gear pump, 
forcing oil with constant pressure to all bearings of engine; 
chassis lubrication by pressure-gun system. 

Governor: Fly-ball type of their own manufacture. 


Carburetor and fuel supply: G.M.C. two-jet type of car- 
buretor with special heated intake manifold; fuel feed from 
sheet-steel tank of 1219 gallons capacity. 


Cooling: Combination pump-driven and thermo-siphon; 
pump capacity approximately 15 gallons per minute. 


Radiator: Continuous fin, tubular type with core and steel 
separate; capacity 5'¢ gallons. 

Ignition: High-tension magneto. 

Clutch: Multiple-disk dry-plate type of their own manu- 
facture. 


Transmission: G.M.C. selective type, three speeds forward 
and one reverse; in unit with engine; provisions for tire pump 
and power takeoff. 


_ Rear axle: Three-quarter floating bevel pinion drive with 
six-to-one gear ratio; drive through radius rods from rear 
axle to frame. 


Frame: Pressed steel, reinforced, 


Brakes: Two sets, external contracting for service, internal 
expanding for emergency; interchangeable brake rods (see 
“Brakes,” page 915). 


, Wheels: Steel felloe with twelve interlocking wooden spokes. 
Tires: 34” x 5’ non-skid cord all around, 

Wheel base: 132”. 

Road clearance: Rear axle 834’, 

Turning radius: 23 ft. 

Weight of chassis: 3,250 lbs, 


Controls: Left-hand steering and center control; spark and 
throttle levers located on segment with connections outside of 
steering column; foot throttle operated by driver's right foot; 
road speed controlled by governor; lights and ignition switches, 
Suaotes, oil gauge, and choker lever located in instrument case 
on dash. 


Equipment: Electric starting and lighting system of special 
design and manufacture, tool kit, horn, jack, and extra rim. 


The most popular light-duty truck of the G.M.C. 
line is the one-ton model. The engine is identical 
in design (though smaller in construction) with the 
two-ton model. The transmission has three speeds 
ahead and one reverse, the gear-shift positions being 
S.A.E. standard (page 29). The rear axle is of the 
three-quarter floating type and has bevel-gear drive. 


To Remove Axle Shafts 
1. Remove the six nuts (6) (Fig. 27). 


__2: Pull the shaft with the flange out of the wheel. 
This may be done without jacking up the truck. 


To Remove Rear Wheel 


1. Remove the axle shafts as described above. 


Ds Straighten the bent-over ears on the lock of 
nut (7) (Fig. 27), 


3. Unscrew nut (7); it has a left-hand thread on 


the right wheel and a right-hand thread on the left 
wheel. 


4. Pull the wheel off. 


When replacing the wheel, special care should be 
taken to gee that the felts and retainers are in 
the proper position. Nut (7) should be drawn up 
tight against the bearing, as this bearing is non- 
adjustable. Bend over the ears of the lock to pre- 
vent nut (7) from turning. 23 D, 
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Fig. 27. Section of rear wheel of G.M.C. one-ton truck. 
1. Felt washer retainer. 5. Paper gasket. 
2. Oil shedder. 6. Hub flange nut. 
3. Grease recess. 7. Wheel bearing nut. 
4. Drain pipe. 


A paper gasket at (5) and felt washers and retain- 
ers for them at (1) should prevent leakage of the 
wheel-bearing lubricant. Any grease which may 
leak past at (1) will be carried out by the oil shedder 
(2) into the recess (3) in the brake spider, from where 
it should drip on the ground from the end of the 
drain pipe (4). It should be impossible for any 
wheel-bearing leakage to get on either the internal 
or external brakes. 


To Remove the Rear System from the Truck 


1. Jack up the frame, thus taking the load off 
the springs. 

2. Unbolt the spring clips from the rear-axle 
housing. 

3. Block up the propeller shaft near the rear 
universal joint. 

4. Disconnect the brake rods from the rear axle. 

5. Disconnect the driving flange (9) (Fig. 28) 
from the rear universal joint. 


6. Pull the entire rear system from the truck. 


To Remove Driving Pinion Assembly 
1. Remove the rear system as described above. 
2. Remove the axle shafts and rear wheels as 
depend above. 

. Remove the clevis pin from the front end of 
ae left-hand internal brake rocker (inside the 
brake shoe), and then take off the truss rod (Fig. 27) 
nut behind it. 


4. Replace the axle shafts in order to keep the 
differential bearings (1) and (2) (Fig. 28) from drop- 
ping out of place. If the bearings should drop 
down, they may be replaced by inserting a rod 
through the axle housing and raising them into 
place, so that the rear-axle shaft will, slip through 
them. 

5. Remove the two cap screws and four nuts 
which hold the pinion housing (3) (Fig. 28) to the 
differential housing. 


6. Remove the bolts (4) which hold together 
differential housings (5) and (6). 
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Fig. 28. Differential assembly of G.M.C. one-ton truck. 


(1) Differential bearing, left. 
(2) Differential bearing, right. 
(3) Pinion housing 
(4) Differential housing bolt. 
(5) Differential housing, right half. 
(6) Differential housing, left half. 
(7) Rear pinion bearing nut. 
(8) Pinion bearing nut lock. 
(9) Driving flange. 
(10) Bearing clamp bolt. 
(11) Packing-nut spring lock. 
(12) Pinion-shaft packing nut. 
(13) Front-bearing lock nut screw. 
(14) Front-bearing lock nut. 
(15) Pinion shaft. 
(16) Front bearing. 
(17) Adjusting cage. 
(18) Inner packing ring. 
(19) Differential thrust-bearing adjusting nut, right. 
(20) Differential thrust-bearing adjusting nut, left. 
(21) Differential thrust bearing, right. 
(22) Differential thrust bearing, left. 
23) Adjusting cage lock. 
(24) Pinion. 
(25) Ring gear. 
(26) Rear pinion bearing. 


7. Jar the housings apart with a lead hammer, 
and keep the differential assembly to the left while 
spreading the two halves of the housing. Do not 
attempt to remove the driving pinion until the 
ring gear is at least, 14” to the left of the face of 
the right-hand heseine. (5). 


8. At this point, remove the pinion-housing 
assembly (3) with all its parts. 


To Disassemble the Pinion Assembly 


1. Hold the assembly in a vise by clamping the 
driving flange (9) (Fig. 28). 


2. Turn down the ears on the rear-bearing nut 
lock (8), and remove nut (7). 
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3. Remove the cotter pin and nut that hold the 
driving flange (9). 

4. Hold the assembly in the vise by the housing 
flange (8). 

5. Remove the driving flange (9). 

6. Loosen the bearing clamp bolt (10). 


7. Remove the spring lock (11) from the pinion- 
shaft packing nut (12). 

8. Remove the front-bearing lock nut screw (13) 
(the small screw at the rear of the bearing cage). 


9. Remove the front-bearing lock nut (14) with 
a small punch and hammer. 


10. Use a hardwood block and hammer to drive 
the pinion shaft (15) and bearing (16) to the rear 
out of the cage (17). 


If the adjusting cage (17) is to be removed from 
the housing, both should be punch-marked and 
the number of exposed threads noted, so that it may 
be returned to the same position. 


The inner packing ring (18) for the pinion shaft 
is tap-fit in the cage. To remove it, use a hardwood 
block and drive from the inside of the cage. 


Both bearings are press-fit on the shaft. When 
removing, be sure the strain comes on the inner race 
of the bearing. 

Use a new nut lock (7), if available, when reas- 
sembling the rear bearing. If the old lock is used, 
break off all ears that were used previously. 


In replacing the drive flange (9) fit nut (12) and 
the packing round it first, and insert the packing and 
flange together. The pinion isintegral with the shaft. 


To Remove Differential Assembly 


1. Remove the drive-pinion assembly, as men- 
tioned above. 


2. Remove both axle shafts, as described above. 


3. Spread the axle housing entirely apart and 
remove the differential assembly. Do not disturb 
the differential thrust-bearing adjusting nuts (19) 
and (20) unless necessary (Fig. 28). 


4. Remove the Hyatt bearings (1) and (2) and 
the thrust bearings (21) and (22). 


5. Insert the drive shafts in the axle housing when 
the thrust bearings are replaced, to prevent them 
from dropping out of position. If the thrust bear- 
ings drop out of position while assembling, they 
may be lifted into position by inserting a rod 
through the center of the housing. 

When replacing a ring gear, care should be taken 


to see that the rivet heads are not over 1¥” high on 
either side of the gear. Rivets should be driven hot. 
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To Adjust Bevel Gears 


1. Place the differential assembly in the left dif- 
ferential housing (6) (Fig. 28), guiding the thrust 
bearing (22) into place by means of an iron rod. 


2. Bolt the entire pinion assembly (3) to the left 
differential housing (6), thus holding the differential 
in place. 


3. Remove bearing-clamp bolt (10) and adjusting 
cage lock (28). 


4. Turn adjusting cage (17) to adjust pinion (24), 
so that the face of the pinion is flush with the face of 
ring gear (25). 

5. Remove the plate in the differential housing 
above the thrust-bearing adjusting nut (20). 


6. Unlock the adjusting nut (20). 


7. Through the plate in the housing, turn adjust- 
ing nut (20) until the ring gear meshes properly 
with the pinion. 


8. The mechanic should be able to spin the ring 
gear freely, and there should be a clearance of about 
.002” in the “high spots.” Do not allow too much 
backlash (play). 


9. Lock adjusting nut (20). 


10. Lock adjusting cage (17) with lock (23) and 
bearing-clamp bolt (10). 


11. Remove pinion assembly (8) from differential 
housing (6). 


12. Place pmion assembly (8) in the right half 
of the differential housing (5), inserting rear-pinion 
bearing (26) into its recess. 


13. Assemble the right half of the differential 
housing (5) to the left half (6), guiding the thrust 
bearing (21) into position by means of an iron rod. 


14. Draw up the adjusting nut (19) tightly. 


15. Bolt the pinion housing (8) to the differential 
housing. 


16. Back off the adjusting nut (19) until the dif- 
ferential assembly turns freely. 


Note. For correct gear-tooth contacts, read 
pages 869, 874. 


To prevent leakage, the pinion shaft is provided 
with a stuffing box into which screws the nut (12) 
which is locked in place by the snap ring (11). A 
special Mogul packing is provided for this purpose. 
The packing nut (12) should not be drawn in tighter 
than just sufficient to prevent leakage. Do not 
ee prevent leakage by tightening adjusting 
cage (17). 


SPECIFICATIONS OF 11/2 AND 2-TON AUTOCARS 


Types ‘*XXI-F’? and “XXI-G""! 


Axles: Front, I-beam steel; rear, ‘Autocar’ full-floating, 
double-reduction gear drive, compound bevel and spur gear, 
wheel and axle bearings, tapered roller type. j 

Bodies: Standard bodies always available; blueprints of 
special body designs furnished upon request. 

_ Brakes: On rear wheels; service brake external, emergency 
internal. 

Capacity: 11,000 Ibs. over all—chassis, body, and load. 

Carburetor: Plain tube, automatic float feed. 


_ 1 The only difference between types ‘“XXI-F"' and ‘“XXI-G”’ 
isthat the former has a 97” wheel base, and the latter a 120’ 
wheel base. 


Clutch: “Autocar” triple dry-plate clutch. 
Color: Chassis, “Autocar” red; body, optional. 


Control: St eering gear and hand levers at right side; throttle 
control in steering wheel and accelerator pedal; clutch and 
service brake in foot pedals. 


Cooling system: Vertical tube radiator, centrifugal water 
pump. 


_Equipment: Gas headlights and tank; three oil lamps; horn; 
kit of tools. . 


Frame: Reinforced pressed steel. 
Gasoline capacity: 11 gallons. 
Ignition: High-tension magneto—fixed spark. 


Engine: Horizontal opposed, 434” bore by 416 stroke: 
crank shaft mounted on annular hall bearince! ut een 
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Engine lubrication: Splash; gear-driven, force-feed lubrica- 
tor of 1-gallon capacity, delivering oil through sight feed to 


the crank case. 


Springs: Front, semi-elliptic; rear, platform springs. 


Tires: Solid; front, 34” x 4”; rear, 34’ x 5’, or pneumatic, 
34” x 5” front and rear. 


Transmission: Sliding-gear type; three speeds forward, one 
reverse; ‘direct drive on high speed; tapered roller bearings. 


Tread: 58’. 


Wheel base: Type ‘“XXI-F,” 97”: type “XXI-G,” 120”. 
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Wheels: Wood, artillery type. 


The variety of bodies adapted to the Autocar chassis is indi- 
cated by the fact that Autocars are doing the hauling for 


concerns in all lines of business. 


This truck differs from other trucks in the type 
of engine and the double reduction of gears in the 


rear axle. 


Engine 


The Autocar “F”’ and “G”’ engine (Fig. 30) is of 
the two-cylinder opposed type, 434” bore (diameter 


radiator assists in cooling the water. 
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Fig. 30, Side view of the Autocar F”’ and "'G” engine. 


of cylinder) by 414” stroke (length of piston travel). 
It is cooled by water, circulated by a pump through 
water jackets and radiators. A fan behind the 


The crank case is divided horizontally into two 
parts: the upper part contains the timing gears 
and gears for driving the magneto and lubricator; 
the lower part holds the crank shaft and cam shaft. 
To this lower part are bolted the cylinders. 
access to the crank shaft, the magneto, lubricator, 
and upper part of the crank case can be removed. 


The connecting-rod bearings are lubricated by 
two dippers on each connecting-rod cap dipping 
into the oil in the crank case. The cylinders, pistons, 
and timing gears are lubricated by splash from the 
crank shaft. To maintain the proper level of oil, 
the automatic lubricator pumps oil into the crank 
case when the engine is running. 
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-Timing of Magneto (Types ‘‘F’’ and ‘‘G’’) 


When either setting the valves or timing the magneto on the 
“®”” engine, it is important to use the marks on the face of the 
front flywheel as reference points. This arrangement is shown 
in the illustration (Fig. 31). 


Before setting the magneto, open both cylinder priming cocks 
and turn the flywheel in the running direction until the inlet 
valve (front valve) of the cylinder under the magneto, which 
is No. 1 cylinder, opens and closes; continue turning in the 
same direction until the line on the fywheel, marked (A) (Fig. 
31) is directly under the flywheel pointer. This position must 
be exact. Loosen the nut on the magneto coupling and yoke 
studs, as well as the small screws on the magneto bracket that 
hold the base of the instrument in place. Place a small chisel 
or screwdriver between the magneto coupling and lock nut 
and tap gently to loosen the coupling, so that the armature 
may be turned freely. 


Fig. 31. 


Magneto ignition timing on the Autocar. 


Remove the breaker-box cover and distributor disk, turn 
the armature in the running direction, using the small magneto 
wrench on the breaker screw, until the platinum points start 
to break or separate. Be sure that the distributor brush is on 
No. 1 contact, which is the one nearer the gasoline tank. Hold 
firmly in this position with the small magneto wrench, and 
tighten the coupling nut with the wrench provided for this pur- 
pose. 


Verify the adjustment by turning the engine backward 
slightly and then slowly forward, so that the line on the fly- 
wheel, marked (A) in the illustration again coincides with the 
pointer. If when in this position the platinum points are 
starting to open and the distributor is on No. 1 contact, the 
timing with respect to the ignition is correct, 


Replace the distributor-breaker cover and attach the wires. 

e short wire connects the No. 1 eylinder with the No. 1 
contact point on the distributor, and the long wire, the No. 2 
cylinder with the No. 2 contact point on the distributor. 


Push the magneto back to the coupling, being sure to see 
that it is located in the center of the magneto bracket. Tighten 
the screws on the bracket at the magneto base and lock with 
the lock nuts. Tighten the yoke bolts and apply the ground 
wire to the breaker-box cover. 


Cam-Shaft Setting (Types “F’? and **G’’) 


_ When replacement of a crank-shaft gear, cam-shaft gear, or 
crank shaft in either repair work or rebuilding is required, it is 
recommended that the following procedure be followed in 
determining the correct setting of the cam shaft with respect 
to the crank shaft. 


The rear cam-shaft bearing being assembled in place, turn 
the crank shaft until the crank pins are exactly on outer dead 
center. Check this condition by measuring from the finished 
edge of the case to each of the crank pins. Allow the cam shaft 
to enter the rear bearing a short distance, and turn until the 
inlet cam begins to act on No. 1 cylinder, In this position turn 
the cam shaft until the acting face of the inlet cam is at right 
angles to the finished surface of the crank case. <A small steel 
square should be used to find the correct Position. 


Having obtained this adjustment, allow the cam-shaft gear 
to mesh with the crank-shaft gear. It may be necessary to 
rotate the crank shaft slightly in the runnin direction in order 
to permit this meshing to take place. The front cam-shaft 
bearing may then be assembled and locked in position. 


It is necessary to provide perceptible backlash between the 
cam-shaft gear and the crank-shaft gear, otherwise rapid wear 
and a noisy condition will result, If a slight shake cannot be 
detected by the hand, place a .0025” shim between the cam- 
shaft bearings and the crank case. There must also be end 
play from .005” to .015” between the shoulders of the cam 
shaft and the cam-shaft bearings. If such is not the case, 
correct the difficulty by backing off the cam-shaft gear slightly, 
or filing the ends of the cam-shaft bearings as circumstances 
may require. 
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When the setting is completed, it is considered good practice 
to mark the gears at points of contact for future reference. 


Valve Setting (Types “‘F’’ and “G”’) 


In replacing a front flywheel, installing a new cam-shaft gear, 
crank-shaft gear, or crank shaft, it is necessary to mark on the 
flywheel those positions which must be used in connection with 
valve setting and magneto timing. These points are “Center, 
“Exhaust Closed,’ “Inlet Open,’ and a line used in- making 
the spark adjustment. 


To determine the ‘“‘Center’’ position, remove the cylinder- 
head plug, and insert through the cylinder-head hole a small 
steel scale, allowing it to rest against the head of the piston. 
Rotate the crank shaft, observing the travel of the steel scale, 
and when dead center is passed continue to turn until some con- 
venient scale graduation appears opposite the face of the plug 
counter-bore, which is used as a reference point. 


Note this position on the flywheel rim by making a temporary 
mark at the point indicated by the flywheel pointer. Turn 
the flywheel in the opposite direction until dead center is again 
passed and the scale returns to the graduation previously noted. 
The corresponding point on the flywheel rim is to be marked as 
before. Half-way between the two marks on the flywheel 
scribe a line and mark it “‘Center.”’ 


Measure ahead on the rim two inches from ‘‘Center,”’ and 
scribe another ine. This latter is used as a reference point 
in magneto setting. 


With the cam shaft properly set and the crank case upper 
section assembled in position, turn the flywheel until both 
valve plungers of No. 1 cylinder have completed their inward 
travel. Adjust the valve-plunger foot screws to the same 
clearance for both inlet and exhaust valves, .015” to .025” 
being a conveniently obtainable interval. 


Turn the flywheel until the cam shaft is acting on both the 
No. 1 cylinder cams, the inlet being just ready to open and 
the exhaust just closing. Using from one to two thicknesses 
of newspaper between the adjusting screws of the cam plungers 
and the valve stems on No. 1 side, find the two points, by rotat- 
ing the flywheel through a slight angle, at which these shims 
may be just pulled out, and mark the corresponding positions 
temporarily on the rim of the flywheel, referring of course to 
the flywheel pointer. From the mid-point of these marks 
measure 5/16” to each side, and lay off temporary lines. 


The line on the right must not be more than 2 5/16” nor less 
than 1 5/16” from the ‘‘Center”’ line, these limits being required 
owing to the necessary tolerance allowed in manufacture of 
the parts. Should the limits be exceeded, shift the cam-shaft 
gear one tooth in the direction which will correct the difficulty. 
Assuming that the point so reached fulfills these conditions, 
scribe a line through it, and the other point 5/8” distant to the 
left. Mark the one on the left ‘Inlet Open”’ and the other 
“Exhaust Closed.” 


It is now necessary to set all valve-plunger foot screws to 
the clearance required under operating conditions. Rotate 
the flywheel until the cams engage the plungers on the cylinder 
being adjusted, and the flywheel pointer is midway between 
the “Inlet Open’? and ‘Exhaust Closed’ line. Adjust the 
valve-plunger foot screws for .005” clearance between the head 
of the screw and the end of the valve stem, this being the amount 
adopted by the factory as standard. 


Note. When this work is being done with the engine in the 
car, use two levers on the crank webs and check with a scriber 
in the spark-plug holes. 


Rear Axle and Gearing 


The rear axle contains a double set of gears (Fig. 
32). A bevel pinion (P) connected with the end of 
the drive shaft (S) meshes with a bevel gear (B) 
on a short jack shaft, and thus drives the latter. 
This in turn drives the differential assembly through 
a pair of spur gears (SG1) and (SG2) ‘ 


The inner ends of the two driving axles (A) are 
mounted in this differential assembly and transmit 
the drive from it to the wheels. 


The jack shaft is mounted on adjustable taper 
roller bearings, and by removing the rear cover it 
can be examined without dismantling the axle 
proper. The bevel pinion is mounted in a cage and 
can be removed by unscrewing the cap screws in 
the flange of the cage. 
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Tig. 33. Rear wheel and axle shaft of the Autocar. 


The driving axle shafts (Fig 33) can be removed 
by unscrewing the flange nuts holding the axle or 
hub flange to the wheel, and pulling out the axle 
and flange as a unit. 

Pinion-shaft adjustment is made by adding or 
removing paper gaskets between the gear cover 
and the pinion-shaft housing. Looseness in the 
pinion shaft can be adjusted at (AJ) (Fig. 32). 


Transmission 


The Autocar 11% and 2-ton trucks are equipped 
with a progressive type of transmission (Fig. 34). 


In the transmission there are three shafts: The 
clutch shaft (A), which extends through the front 
of the case, on the outer end of which the clutch is 
mounted; the main shaft (B), projecting through 
the rear of the case in line with the clutch shaft, 
and through which the power is transmitted to the 
driving shaft, and then to the rear axle; and lastly, 
the counter shaft (C), located directly below the 
main shaft. 


Fig. 34. Autocar progressive-type transmission to the left, 
and Autocar clutch to the right. 


Clutch 


The clutch is of the ‘“‘Autocar”’ triple plate type. 
It consists of two cast-iron plates, faced with asbes- 
tos fabric, carried on four keys in the flywheel, and 
one steel plate between them mounted in slots milled 
in the spider on the clutch-shaft end. These plates, 
when clamped together by means of the eight springs 
contained in the removable plate bolted to the face 
of the flywheel, produce the friction for driving, 
power being transmitted through the steel plate 
through the spider mounted on the end of the clutch 
shait. 


The clutch is released by the trunnion block or 
clutch yoke, operated by the clutch pedal, acting 
against four arms carried on the floating ring, and 
bearing against the four keys in the flywheel. This 
block is provided with ample ball-thrust bearings to 
compensate for the pressure of the clutch spring. 


Adjustment of the clutch is made at set screw (3) 
after loosening lock nut (5). 


INTERNATIONAL ONE-TON TRUCK, MODEL “21°? (FORMERLY MODEL SH?) 


This truck is one of six different sizes manufac- 
tured by the International Harvester Co. of Chicago, 
Ill, and is probably the most popular model or size. 


Specifications 


Maximum capacity: 2,000 !bs. 

Wheel base: 115”, regular; 128’, special. 

Frame: Pressed-steel channel, extra strong, 5’ deep, with 
5 cross-members and two braces at rear. 


Engine: Four-cylinder, cast en-block L-head type; engine 
and transmission mounted on sub-frame suspended from three 
points on main frame. 


Bearings: Three crank-shaft hearings: rear, 134” x 444"; 


center, 134” x.214"; front, 134% x 334", 


Lubrication: Forced lubrication by pump to main bearings 
with overflow to troughs into which the lower ends of the 
connecting rods dip, making a splash system to the cylinders 
and crank shaft. Submerged type of plunger pump. 

Ignition: High-tension Bosch, magneto on cross-shaft in 
front of engine. 


Cooling: Water-cooled; centrifugal pump; large vertical 
tube radiator and fan; pump on cross-shaft in front of engine, 
total cooling system capacity 1s 414 gals. 


Governor: Fly-ball centrifugal type; limits speed to 21.8 
m.p.h. 


Clutch: Dry-plate multiple disk; asbestos lined. 
Transmission: Sliding gear, selective type; direct on high. 


Gear reduction: Hngine to rear wheels, 6.86 to 1 on high. 
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Axles: Front, I-beam heat-treated steel drop-forging; rear, 
heat-treated steel drop-forging for carrying the load and live 
axle for transmitting the power. 


Internal gear drive: Tubular propeller shaft with universal 
joints at each end; power transmitted through differential 
and drive shafts to pinions meshing with internal gear on each 
rear wheel. 


Control: Left-hand drive, spark and throttle levers on steer- 
ing wheel, foot accelerator, service brake, and clutch operated 
by foot pedals; gear change and emergency brake levers in the 
center of driving compartment. 


Brakes: Service and emergency; internal expanding, self- 
adjusting. 
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Springs: Half-elliptic, front, 214” x 4114”; rear, 214” x 54”, 
with quarter-elliptic auxiliary springs 2144” x 3014”. 

Wheels: Artillery type, 36’ diameter, with 314” front and 
314” rear pressed-on solid tires. 


Fuel capacity: 17-gallon tank on dash. 


Regular equipment: Front fenders, oil tail lamp, horn, tools, 
two gas headlamps, and Prest-O-Lite tank. 


Special equipment: Supplied at additional cost: open express 
body; front section and seat; open and enclosed cabs; full- 
length top; side, front, and rear screens for full-length top; 
electric lighting and starting outfit; power tire pump; hub odom 
eter; oil dash lamps; windshield; skid chains; pneumatic tire; 
and oversize solid tires; suitable bodies can be secured for 
every hauling purpose. 
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Top view of International one-ton truck chassis. 
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Engine 


The engine is of the L-head type; bore, 314”, 
stroke, 514”; firing order, 1, 2, 4, 3. 


The fan is mounted on the rear of the engine 
block. The wrist pins are keyed to the pistons, 
the connecting rods being fitted with phosphor- 
bronze bushings at the piston end. The connecting- 
rod bearings are of tin babbitt and are fitted with 
shims to permit adjustment. 


To remove pistons and connecting rods: 


1. Remove the crank-case bolts and drop the crank 
case. 
. Remove the connecting-rod bearing caps. 


3. Remove the connecting rods with the pistons 
from underneath the engine. 
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A submerged plunger type of oil pump in the 
right front corner is driven by a cam on the cam 
shaft and draws oil through a gauze strainer, deliver- 
ing (through a tube cast in the crank case) to each 
of the troughs into which the connecting rods dip as 
the crank shaft revolves. The crank-shaft bearmgs 
have large oil pockets above them which receive oil 
splashed up by the connecting rods. The pistons 
are also oiled by splash. 


By unscrewing the cap below the pump, the screen 
ean be taken out for cleaning. 


The centrifugal governor is carried at the front 
end of the crank shaft and acts directly upon a 


sliding sleeve, which moves one end of a pivoted 
lever, to the other end of which is attached a rod 
working in a tubular casing and operating the 
governor throttle. A spring working with the rod, 
and accessible through a cover directly under the 
magneto, allows of slight adjustments of speed. 
The seals locking the screws will disclose any unau- 
thorized tampering with these parts. 


Cam-shaft end-thrust play can be taken up with 
the cam-shaft end-thrust adjustment screw (C.S.A.) 
(Fig. 36). A similar adjustment is also shown 
on the model “L4’” Continental engine (Fig. 55, 
page 937). or 


Fuel System 


A 17-gallon gasoline tank is mounted on the dash 
and feeds by gravity to the carburetor. Underneath 
the tank is a combination strainer and reserve valve, 
as shown in Fig. 37. 


Fig. 37. Combination gasoline strainer and reserve valve 
on one-ton International truck. 


When the engine is to be started, the valve (D) 
(Fig. 37) is opened, thus allowing the gasoline to 
enter at (A), pass through strainer (S), and through 
outlet (F) to the carburetor. When the level in the 
tank reaches point (A), the flow of gasoline to the 
carburetor will cease and the engine will stop, thus 
notifying the driver that he has only about two 
gallons of gasoline left. The valve (C) is then 
opened, permitting the gasoline to enter at the lower 
level (B), and consequently using the remaining two 
gallons. Matter which does not pass through the 
strainer will collect in sediment chamber (E), and 
can be emptied through the needle drain valve (G). 


Ensign Carburetor , 


The Ensign type “D” 114” carburetor is used, 
and operates as follows: the fuel enters and passes 
upward through screen (B) (Fig. 38) and downward 
through the float-controlled needle valve (D), into 
the float chamber. 
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Fig. 38. Ensign carburetor as used on International truck. 
H, Fuel orifice. 

K, Compensating air tube. 
D, Float needle valve. N, Throttle stop. 


A, Idling adjustment screw. 
B, Strainer screen, 


Throttle. 


E, Starting shutter. Ise 
Y, Stop finger. 
%, 


F, Suction tube. 
G, Fuel adjustment sleeve. Suction outlet. 

The float maintains the fuel level. 1/32’” below 
the top of the suction tube (F), which opens through 
holes (X) at its lower end into the centrifugal 
chamber, The suction tube is surrounded by a 
larger tube, into which the fuel enters through small 
fuel hole (H). The effective opening of this hole is 
controlled by a gas-adjusting tube (G), shown in 
solid black, which can be screwed up and down by 
its knurled head. This tube performs the function 
of the usual gas-adjusting needle valve. A com- 
pensating air tube (K) is connected to the interior 
of the gas-adjusting tube through an automatic 
valve which lifts when the air speed through the 
carburetor becomes high enough, and lowers the 
vacuum in the gas-adjusting tube, preventing the 
formation of too rich a mixture. 


Adjustment is made at the factory. If tampered - 
with and the engine does not start to operate prop- 
erly, readjust as follows: 
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Before starting, be certain that the idling adjust- 
ment screw (A) on the bottom of the throttle tube 
is closed; that is, that it is turned clockwise (to 
the right) to seat. Turn the fuel adjusting sleeve 
(G) clockwise to the closed position, then open two 

2) turns counter-clockwise, which will give a full 
opening to the fuel orifice (H). Be sure that start- 
ing shutter (E) is open with stop finger (Y) against 
the stop lug when ‘‘control”’ is down. 


To start the engine, close the starting shutter 
by pulling up the “control,” and open the throttle 
one-quarter to one-half. After the engine starts. 
push down the!control about half-way. The hand- 
ling of this starting shutter is largely dependent on 
temperature. As soon as the engine warms up 
slightly, push the “control” all the way down, 
warm the engine up, running slightly above idling 
speed until the mixing chamber of the carburetor 
is warm, then open the throttle to about one-third 
engine speed (this must bedonewith retarded spark). 


Now thin the mixture by turning sleeve (G) 
clockwise until the best engine speed is obtained 
with this throttle setting. Slow down the engine 
and adjust the screw in the throttle stop (N) for 
idling position, then adjust the idling mixture by 
opening the adjustment screw (A) counter-clock- 
wise to a point where the engine idles evenly and 
without loading up. Too thin an idling mixture will 
result in a “flat spot,’ or hesitation when accelerat- 
ing. The top of the cork float is set 7/16” below 
the top of the bowl, and should not be changed. 


Clutch 


The clutch is of the dry-plate disk type as shown 
in Fig. 39. Pressure is applied through the action 
of three springs (A) (Fig. 39), which can be adjusted 
by the spring screw nuts (B). Care should be taken 
to keep them adjusted evenly. 
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Dry-plate disk clutch used on International one- 


pciusting: As the asbestos facings wear down, 
the clutch pedal will work back and fmally hang up 
against the floor boards, preventing the clutch from 
engaging. It can be returned to the proper position 
by screwing the clutch-shaft tube (C) (Fig. 39) out of 
the clutch-pedal adjuster (D) the necessary amount. 
See that the clutch-pedal adjuster lock screw (E) 
enters the slot and is wired fast. 
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Clutch brake: The flange on the end of the clutch 
shaft is provided with an asbestos facing with 
which a flange on the clutch adjuster (D) can be 
made to engage by pressing the clutch pedal clear 
down. As the clutch adjuster does_not revolve, 
it serves as a brake on the clutch. Do not bring 
this brake into action when coasting; simply press 
the clutch pedal lightly, just enough to disengage 
the clutch. 


The clutch spider has oil-soaked wood bushings 
which should not need lubrication, although oil 
will not injure them. The declutching mechanism 
is provided with a grease cup which should be given 
a turn or two every day. 


To remove clutch: Take off the spring adjust- 
ing nuts (B) loosen clamp collar (F), slip the clutch 
pressure spider (K) back, removing the starter 
sprocket spider, if used. Take nut (G) off the 
clutch spider stud. At the other end of the shaft 
remove the joint ring (M) and back out the clutch 
shifter pivot screws (H). The entire center section 
can now be dropped out, after which the removal of 
a cotter pin in the collar permits the detachment of 
the clutch spider and disks. 


Transmission 


The transmission has three speeds forward and 
one reverse. The gear shift is standard S.A.E. 


Fig. 40. _ Showing adjustment of roller bearings on trans- 
mission main shaft with a spanner wrench, 


Adjusting bearings: Timken roller bearings are 
used throughout, and those on the main shaft are 
adjusted by the spanner nuts just outside the case 
at the front end (Fig. 40), Turning the notched 
plate outside at the rear adjusts both bearings on 
the square shaft. 


The notched plates turn to the left to tighten 
the bearings. Be sure that the locking plates are in 
position before leaving the job, as these hold the 
adjustment. The inside horned nut at the rear 
end is a packing device. The counter-shaft bearings 
are adjusted at the rear by the same kind of device 
as used on the main shaft. 


Great care must be taken not to get the bearings 
adjusted too tight. 


Rear Axle 


The rear axle is of the internal gear type. The 
load is earried on a drop-forged, heat-treated alloy- 
steel solid axle. Power is transmitted from the 
differential (Fig. 42) to the driving pinion shaft. 
The driving pinion meshes with the internal gear, as 
shown in Fig. 45. 
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Fig. 41. 
Fig. 42. 


Adjusting gears: Remove the drive-shaft packing 
plate (A) and back off lock screw (B) (Fig. 42) on 
each side of the differential housing; the adjusting 
ring (C) is then accessible through openings in 
the housing. These rings adjust the bevel gear 
sidewise, and take up any play in the thrust bearings. 

The bevel-drive pinion is adjusted by (E) (Figs. 
42 and 43). Remove the cap screws locking this 
piece. 
right. 


To back the pinion out, turn (E) to the 
To force it in, turn to the left. 


Fig. 43. Forcing the bevel pinion in by rotating the adjust- 
ing ring in the left-hand direction. 


Put the lock screws back in and draw up, forcing 
the pinion and bearing assembly forward. There 
are three tapped holes close together for each screw, 
so that a close adjustment can be made. Pull (E) 
hard against the case with the lock screws. 

The best way to determine whether the adjust- 
ment is perfect is to cover the teeth of one gear with 
a light coating of Prussian blue and then, aiter 
assembling, to turn the gears a few revolutions. 
When the blue is transferred to the other gear 
uniformly, from end to end of the teeth the adjust- 
ment is right. 

Be careful to have the adjustments securely 
locked before assembling finally, and be particularly 
careful that there is no pressure exerted by the 


Rear view of differential carrier. 


Top sectional view is shown in Fig. 42. 


Sectional view of rear-axle assembly on International one-ton truck. 


adjusting nuts on the thrust bearings. If there is 
you may have to take the axle down again shortly, 
and put in new bearings. 

The notched nut (F) (Fig. 43) adjusts the thrust 
bearings only. 

While an experienced man can adjust the gearing 
without removing it, it is much more readily done 
by getting it out where it can be seen. To do this, 
jack up the axle, remove the wheels, remove the 
bolts fastening the bearing retainer to the brake 
anchor, and pull out drive pinion and shaft. Unbolt 
the gear carrier (F) from the housing, when the 
carrier with the assembly gears can be pulled for- 
ward. Do not remove the bolts holding the hous- 
ing to the axle. 

In replacing the wheels, first be sure that the 
spacer and sleeve are in proper position; then screw 
the axle nut up hard, and lock with the cotter pin. 
This does not apply to old-style axles. 


To Remove Internal Gear from Wheel 
1. Pry out the locking ring (Fig, 44). 
2. Pry or pull out the internal gear (Fig. 45). 


Fig. 45 


Fig. 44 
Fig. 44. Showing how to pry out the gear-locking ring. 
Rig. 45. Showing the ring and the internal gear removed. 


930 


3. Insert the new gear, using partly inserted 
round keys to locate the gear with reference to the 
key ways. 

4. Drive the gear and keys home with a soft ham- 
mer or by using a block of wood to strike against. 
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5. See that the locking ring is down in its 
groove and that the cotter pin is inserted in the 
hub rim. 


See illustration, Fig. 42, showing location of the 
internal gear, driving pinion, and drive shaft. 


WHITE 3/4-TON TRUCK 


Specifications 


Frame: Pressed alloy steel. 


Axles: Front, one-piece drop-forged I-beam alloy steel, 
heat treated; rear, special white type, trussed. 


Springs: Semi-elliptic. 

Wheels: Artillery type, fitted with ball bearings. 
Tires: Pneumatic, 34” x 5’, cord. 

Capacity: 1,500 lbs. 


_ Carburetor: White aspirating type, meaning a spray type of 
jet. 


Ignition: High-tension magneto of the Eisemann, Bosch, or 
Teagle make. 


Cooling: Water circulation by gear-driven centrifugal pump; 
cellular radiator supported on springs. 


Steering: Left-side drive; worm and sector type, ‘‘fore-and- 
aft’? method. 


Brakes: Foot brakes coniesouns on drums on each rear 
wheel; hand brakes expanding on drums on each rear wheel. 


Drive: Shaft drive final drive by bevel gears. 


Gasoline tank: Capacity 15 gallons; gravity feed to the 
carburetor. 


Chassis dimensions: 

Wheel base: 133% in. 

Gauge: 56 in. 

Length over all: 14 ft. 3 in. 

Width over all: 5 ft. 6 in. 

Dash to rear of frame: 10 ft. 103 in. 
Dash to center of rear axle: 8 ft. 7 in. 
Rear of seat to rear of frame: 7 ft. 13 in. 
Extreme width of frame—34 in. 

Height of top of frame in rear: 3234 in. 
Weight of chassis: 3,200 lbs. 


Engine 
The engine is of the 4-cylinder, 8-valve, L-head 
type; bore 334”; stroke, 514”; cast-iron pistons. 
When the valves are closed the clearance between 
the valve stem and the tappet should be .010” 
(engine cold). 


The clearance on the diameter of all connecting- 
rod bearings should be between .001” and .002”, 

Crank shaft: The White 34-ton crank shaft is 
noteworthy in that it runs on two ball bearings (2) 
and (3) (Fig. 47). This necessitates a short, stiff 
crank shaft. 


Fig. 46, 


E, Foot-brake rod, 
F, Brake drums. 

G, Universal joints. 
H, Clutch coupling. 


A, Clutch pedal. 

B, Foot-brake pedal. 
C, Hand-brake lever. 
D, Hand-brake rod. 


DRAIN PLUGS 


Top and side view of chassis of the 34-ton White truck. 


J, Transmission. 
K, Radius rod. 
L, Gear-shift lever. 


M, Foot throttle, 
$, Oil Reservoir. 
Ty Crank-case oi] filler. 
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If it were desired to have a three-bearing crank 
shaft on ball bearings, it would be impossible to 
slip a ball race on the center bearing of a one-piece 
shaft. In order to obtain a three-bearing support 
with ball bearings, a built-up crank shaft must be 
used, that is, the shaft is made in two pieces; then 
after the center bearing is in place, the parts must be 
joined by some means such as disks. Therefore 
with the White crank shaft, using two ball bearings, 
the crank shaft is made very heavy in order to with- 
stand the power impulses without “whipping” at 
high speeds. 


Fig. 47. Baltl-bearing crank shaft. 
(1) Crank shaft. (27) Connecting rod. 
(2) Crank-shaft bearing. (31) Connecting-rod bearing 
(3) Crank-shaft bearing. cap 
(4) Crank-shaft oil tube. (32) Connecting-rod bearing. 
(10) Clutech-shaft ball. (72) Crank-shaft bearing oil 


tubes. 


(11) Crank-shaft gear. 
(73) Oil port, rear. 


(25) Crank-shaft rear bearing- 


ring felt washer (79) Oil port, front. 
(23) Crank-shaft rear bearing 
case. 
Lubrication: Oil is supplied to a gear-driven 


plunger pump by the reservoir (S) (Fig. 46). The 
pump forces it through sight oil feeds on the dash, 
thence to the oil ports (73) and (79) (Fig. 47). 
After dropping on the conical surfaces at the end of 
the crank shaft, it is carried by centrifugal force 
through passages in the crank shaft to the connect- 
ing-rod bearings (32) (Fig. 47), thence through 
oil tubes (4) (Fig. 47) to the remaining connecting- 
rod bearings. From the connecting-rod bearings, 
the oil is thrown off in a spray, thus lubricating the 
cylinder walls and maintaining the oil level in the 
crank case. 


“The ball- bearings (2) and (3) (Fig. 47) receive 
lubrication from the splash and from some of the oil 
thrown off by the crank shaft. 


The only purpose of the oil in the crank case is to 
act as a cooling agent, and consequently it should 
not be too full, as explained later under the subject 
of general lubrication. 


Transmission 


The transmission is of the selective type, and has 
four speeds forward and one reverse. Direct drive is 
on the third gear, fourth speed being geared up. 
Third speed is always used when running loaded or 
when running light at ordinary speeds. The only 
time to use fourth speed is when running light on a 
good level road at a high rate of speed. The various 
gear-shift positions are shown in Fig. 48. 


The total gear reductions are: first speed, 18.6; 
second speed, 8.57; third speed, 5.36; fourth speed, 
3.99; reverse, 25.18. 


Hig. 48. Gear-shift positions of 34-ton White (not a erence 
ard S.4.E.) 


Rear Axle 


The rear drive is through a bevel-gear drive. 
Adjustments are made as on a passenger Car. 
The differential gears are of the straight-toothed, 
three-quarter floating type. 


Clutch 


_ The single-plate type, operating in oil, is similar 
in construction to the White 314-ton clutch, shown 
in Fig. 52, page 935. 


Fill the clutch through the oil plug (7) (Fig. 52) 
with one pint of light engine oil. After the first 
500 miles, and then after each 2,000 miles, drain the 
oil from the clutch and refill with one pint of kero- 
sene. Allow the engine to run at a moderate speed 
for one minute, meantime engaging and releasing 
the clutch a few times. Then stop the engine and 
drain the kerosene, and refill with light engine oil. 


Clutch Adjustment 


The space between the clutch cover (see Fig. 52 
[5], page 935) and the shoulder of the clutch flange 
(29) can be adjusted to its proper width (between 
1%" and 3¢’’) by depressing the clutch pedal as far 
as possible and removing the friction-plate ring lock 
(14), while in this position. A section of the notched 
friction-plate ring (12) (which can be turned by 
means of a screw-driver) will appear through the 
opening. To increase the space above mentioned, 
turn the ring in a clockwise direction, and to de- 
crease it, turn counter-clockwise. 


The clutch foot lever, which can be moved after 
loosening the binder bolt, at its connection to the 
shaft, should be 14” from the floor board when the 
the clutch is thrown in. 


The clutch brake may be adjusted by turning the 
threaded clutch brake-band pull rod so that the 
brake shoe comes into contact with the clutch 
coupling ring only on the extreme outward throw 
of the clutch. ; 


Rear Wheels 


The rear wheels (Fig. 49) are fastened to the rear 
axle spindles by a square and taper. 


To remove the wheel and spindle, jack up the 
end of the rear axle and loosen the nuts (70) on the 
two bracket hook bolts. These bolts are located 
on the ends of the axle sleeves near the wheel. The 
outside ends of the hook bolts fit into grooved slots 
in a plate which holds the bearing in position. 
When these hook bolts are loosened the ‘“L’’-head 
of the bolts can be turned out of the slot, and the 
wheel and spindle can be pulled off, 
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Fig. 49. Rear wheel of White 34-ton truck. 


(6) Spindle bracket R.H. (73) Brake drum 


(14) Brake ring with lining (74) Brake-drum bolt 
(15) Brake-ring lining (76) Rear wheel hub R.H. 
and L.H. 


(25) Foot-brake lining 
Wile 7 y fl ~ 
(26) Foot-brake band com- 7S avear ice bub sansa 


Rear wheel hub locknut 


plete (R.H. thread) 
(27) Poot-brake guide (80) Rear wheel bearing re- 
(42) Foot-brake guide stud tainer 
(69) Rear wheel hook bolt (81) Rear wheel bearing re- 
tainer felt washer 
(70) Rear wheel hook bolt 


(82) Rear wheel bearing re- 


ns tainer felt retainer 
(71) Rear wheel (83) Rear spring clip and 
(72) Rear wheel hub cap nut 


(91) Rim side ring 

(92) Rim clamping ring 
(93) Rim bolt 

(94) Rim bolt nut 

(95) Rim clamp 


(84) Rear-axle spindle 
(85) Rear-axle spindle nut 
(88) Rear wheel bearing 
(89) Rim 

(90) Rim locking ring 


A tight fit of the driving spindle in the rear-wheel 
hub must be maintained at all times in order that 
the driving strain be evenly distributed throughout 
the entire length of the hub. Ifthe spindle is allowed 
to work loose, the hub becomes distorted and 
enlarged, allowing the entire driving strain to_be 
taken by the square section of the spindle. This 
condition may result in a fracture. 


The fit of the spindle is obtained by tightening 
the spindle nut (85), and by making sure that the 
spindle nut washer is tight against the wheel 
hub (76). The fit should be checked occasionally, 
especially during the first 1,000 miles of driving 
with a new truck.. 


Occasionally examine the spring clips which hold the spring 
to the seat and see that they are kept tight. Loose spring 
clips may allow the axle to shift and cause shearing of the 
spring center bolt or a breaking of the spring plates. 


Lubricating Instructions 


Engine: Place the truck on a level space. Open the crank- 
case overflow valve by pulling out the valve stem under the 
radiator. Pour filtered, medium heavy engine oil into the crank 
case through the filler (T) (Fig. 46) on 12) of the timing-gear 
case until it is even with, but not above, the level of the over- 
flow valve. Pour the same kind of oil into the oil reservoir 
(S) (Fig. 46) until it is full. 


Transmission: Fill the transmission case with transmission 
oil, through the filling hole on top, up to the level of the oil- 
level plug on the side. After each 1,000 miles, add sufficient 
oil to maintain this level. After each 5,000 miles, drain the case 
through the drain-hole plug in the bottom, cleanse, and refill. 


Rear axle: Fill the rear-axle case with transmission oil 
through the filler-cap hole on top of the rear axle housing up 
to the oil-level plug on the side. Examine this case after 
each 1,000 miles, and add enough oil to maintain this level. 
After every 5,000 miles, drain it out through the plug at bot- 
tom, cleanse, and refill. 


Grease lubricators: Fill with soft cup grease, using a grease 
gun (18) and (19) (Fig. 53, page 935). 


WHITE 3 TO 314 TON TRUCK 


Specifications 

Frame: Standard I-Beam; channel steel bumper. 

Axles: Front, straight type solid drop-forged alloy steel; 
rear, steel housing. 

Springs: Semi-elliptic. 

Wheels: Metal, fitted with ball bearings. 

Tires: Front, 36” x 5” solid; 
pressed-on type. 

Capacity: 7,000 lbs. 
_ Carburetor: White aspirating type (meaning that a spray 
Jet is used). 


Ignition: High-tension magneto of the Hisemann, Bosch, or 
eagle make. 


Cooling: Water circulation by gear-driven centrifugal pump; 
radiator, of the vertical tube type supported on springs. 


Steering: Left-side drive; worm and sector type, ‘‘fore-and- 
aft’ method. 


Brakes: Foot brakes contracting on drums on drive shaft; 
hand brakes expanding on drums on each rear wheel. 


Drive: Double reduction-gear drive by shaft to full-floatine 
type of rear axle. 


Gasoline system: Tank 3214 gals. capacity; feed by vacuum 
system. 


Chassis dimensions: 
Wheel base: 174 in 


Gauge: Front wheels, center to center of tires, 6445 1n.; rear 
wheels, center to center of wheels, 61 Y% in. 


Length over all: 22 ft. 3 in, 

Width over all: 6 ft. 2 in. 

Dash to rear of frame: 17 ft. 5 in. 

Dash to center of rear axle: 12 ft. 7 46 in. 
Rear of seat to rear of frame: 13 ft. 8 in. 


iu” 


rear, 40” x 5” dual solid 


Extreme width of frame: 42 3/16 in. 
Height of top of frame in rear: 37 in. 
Weight of chassis: 7,300 Ibs, 


Engine 


Engine has four cylinders, eight valves, and is of 
the L-head type; bore, 334”; stroke, IAM “ABINS 
cylinder head is detachable. 


When the valves are closed, the clearance between 
the valve stems and tappets should be .010”, when 
the engine is cold. 


Clearance on the diameter of all connecting-rod 
bearings should be between .001” and .002”. 


The crank shaft has a three-bearing support and 
soft metal bearings. 


Engine Lubrication System 


Pressure feed: The engine and clutch are lubricated by a 
pressure feed. The oil is taken from the crank-case sump by 
a gear-type oil pump mounted on the cam shaft, and is forced 
back to the clutch-shaft bearing and forward to the cam-shaft 
bearings, timing-gear bearings, and main bearings, thence 
through the oil ways in the crank shaft to the connecting-rod 
hearings, 

Oil spray from the bearings provides lubrication for all other 
engine and clutch parts. The oil drains from the clutch 
mechanism on to the flywheel, by which it is picked up and 
carried back into the crank case. The oil then drains back to 
the crank-case sump through a circular strainer or screen, 
which effectively eliminates all dirt and sediment. 


Oillevel: The amount of oil in the crank-case sump is shown 
by a float-actuated oil-level indicator on the left side of the 


_ engine frame. 
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Fig. 50. Chassis views of 314-ton White truck. 


A, Clutch pedal. 
B, Foot-brake pedal. 
C, Foot-brake shaft. 


D, Hand-brake drums. 
E, Foot-brake bands. 
F, Universal joints. 


Pressure: The pressure should not exceed 20 lbs., and under 
ordinary operating conditions 10 to 15 lbs. is sufficient. The 
oil will, however, show a somewhat higher pressure when cold. 


Adjustment: The oil pressure is adjusted by an oil by-pass 
on the left side of the crank case. Loosen the jamb nut, and 
turn the screw to the right to increase the pressure, or to the 
left to decrease it, after which the lock nut must be tightened 
to maintain the adjustment. 


Note. It is very important that the oil be thoroughly 
warmed when adjustment is made. 


Transmission 


This is of the selective type, with four speeds 
forward and one reverse. ‘The direct drive is on 
the fourth speed, the total gear reduction being 
11.6 on fourth, 19.9 on third, 31.55 on second, 47.85 
on first, and 61.5 on reverse. 
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G, Hand-brake rod. 
J, Transmission. 
K, Transmission hand hole. 


L, Gear-shift lever. 
M, Radius tube. 


_ The gear-shift positions are standard, as shown 
in Fig. 4, page 912. 


Rear Axle 


The rear axle is of the double-reduction type and 
is shown in Fig. 51. 


(1) Rear axle housing 

(3) Rear axle housing pipe plug 

(4) Rear axle housing shaft case 

(7) Rear axle compensating case bearing (313) 
(8) Rear axle compensating case bearing lock nut 
(11) Rear axle housing bevel gear pinion 

(12) Rear axle housing bevel drive gear 

(14) Rear axle housing bevel gear cage 


Lido 
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Fig. 51. ‘‘Double-reduction drive to rear wheels” on White 314-ton truck. 
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(17) Rear axle housing bevel gear cage bearing (410) 
(18) Rear axle housing bevel gear cage bearing (310) 
(23) Rear axle housing tube R.H. 

(25) Rear axle housing tube locks 

(28) Rear axle housing tube bearings 

(29) Rear axle housing tube bearings 

(30) Rear axle housing tube bearing lock nut. 

(34) Rear axle housing tube spindles 

(35) Rear axle housing tube spindle steel ball, 

(36) Rear axle housing tube spindle bushings 

(37) Rear axle housing tube spindle drive pinion with bearing 
(39) Rear axle housing tube pinion gear bearing nut 
(41) Rear axle housing tube intermediate gears 

(42) Rear axle housing tube intermediate gear roller bearing 
(44) Rear axle housing tube intermediate gear pins 
(47) Rear axle compensating case R.H. 

(52) Rear axle compensating case gear 

(54) Rear axle compensating case spider 

(55) Rear axle compensating case spider pinion 

(60) Rear axle brake operating shaft link 

(65) Rear axle operating shaft adjusting lever 

(69) Rear axle brake support brackets 

(70) Rear axle brake support bracket grease oiler 
(74) Rear axle brake shoes 

(76) Rear axle brake shoe pivot pin 

(78) Rear axle brake shoe lining 

(79) Rear wheels 

(80) Rear wheel tires (40 x 5 Dual) 

(83) Rear wheel hub caps and gaskets 

(84) Rear wheel oil drain plug 

(85) Rear wheel ring gear 

(86) Rear wheel drum covers 

(99) Rear wheel drum and cover plate 


. (92) Rear axle compensating case thrust bearing 


(93) Rear axle thrust bearing nut 


The first reduction takes place in the bevel gears 
in the center of the axle, the second reduction being 
obtained by means of three gears in the rear wheels. 
The power is delivered from the driving shaft bevel 
pinion (11) (Fig 51) and the bevel gear (12) by 
means of the differential gears (52) and (55) to the 
full-floating type driving spindles (34). These 
spindles transmit the power to the drive pinion (37). 


This drive pinion meshes with an intermediate 
gear (41), which in turn meshes with the main driv- 
ing ring gear (85) which is bolted to and drives the 
rear wheels. All moving parts run immersed in a 
bath of oil. 


Maintenance of Rear System 


To drain the wheels: Jack up one or both rear 
wheels, turn them until the pipe plug (84) (Fig. 51) 
1s at top center; remove the plug and replace it 
with a piece of 34’ pipe approximately 7’ long; 
then turn the wheel until the pipe is at bottom 
center, and the oil will drain out clear of the wheel 
rim. 


To remove spindles (34) (Fig. 51): Take out the 
wheel center plugs (83), then carefully remove the 
ball (85). Screw into the end of the spindle (34) a 
standard 5%” bolt or rod, and then proceed to remove 
the spindle from the axle tube (23). After the 
splined end of the spindle leaves the differential 
gears (52), the spindle will have to be turned slightly 
so that it will enter the oil-retaining plug (36), 
and the driving pinion (37), to permit complete 
removal. 


To remove wheels: Take off the hexagon nuts. 


(89) (Fig. 51); then place set screws (29) (Fig. 53) 
in lug holes (A) (Fig. 51). Turn up equally, in 
rotation (a few turns at a time) on all three screws 
by means of the socket wrench, furnished with the 


equipment. This is very important as it allows the 
wheel to leave the ball bearing (28) without injury. 
The removal of the wheels can be greatly assisted 
by placing a four-castered dolly, a plank with rollers, 
or a piece of sheet iron under them, which, by lower- 
ing the jack, will take the weight of the wheel and 
permit it to slide off the studs (89) very easily. 


To remove main driving-ring gear (23) (Fig. 51): 
This gear comes off with the wheel and can be very 
readily removed by means of wedges or flat chisels. 


Note. When reassembling the wheel, inspect the ring-gear 


gaskets and make sure that they are in good condition. Put 
the gaskets and ring gear on studs before replacing the wheel, 
to avoid injury to the former. 


To remove axle housing tube (23) (Fig. 51): 
Remove the axle tube locks (25), and loosen the nuts 
on the rear spring U-bolts, both of which are abso- 
lutely necessary in order to remove the tubes. The 
tube position is maintained by means of a spline in 
the axle housing, which necessitates the tube being 
pulled out straight about 6 inches. 


Note. After the splined end of the tube leaves the spline of 
the housing, there is nothing to prevent the intermediate gear 
dropping from the horizontal to a vertical position. 


Caution: It is important that the mechanic, for his own 
safety, exercise care in performing this operation. 


To remove brake drums (86) (Fig. 51): After 
removing the tube, stand it on end and the brake 
drum will slide off. 


To remove intermediate gear (41) (Fig. 51): 
Remove the bearing (29), by unscrewing the bearing 
lock nuts (80). The bearing and inner bearing 
washers can then be moved along the axle tube a 
sufficient distance to allow the pin (44) to clear it. 
The intermediate gear and bearing (42) will then 
slide out from between the supporting lugs of the 
axle tube. 


To remove driving pinions (37) (Fig. 51): To 
remove the driving pinions, the intermediate gears 
must first be removed; then remove the driving- 
pinion-bearing lock nuts (39) (Fig. 51), and the 
driving pinions, complete with the ball bearings, 
oa be taken out of the tube as an assembled 
unit. 


To remove differential and bevel gears (11), (12), 
(52), (55), ete. (Fig. 51): First remove the spindles 
(34), as already instructed, sufficiently to clear the 
differential-housing bearing lock nuts (8) and (93); 
then remove the cap screws (5), and the differential 
housing (4) can be removed from the axle housing 
(1), as a complete assembly. 


To remove driving shaft and bevel pinion (11) 
(Fig. 51): First loosen the binder bolt (6), then 
unscrew the retaining sleeve (14), and it can then 
be removed complete with the shaft, the bevel 
ee and the bearings (17) (18) all a self-contained 
unit. 


Adjustments: The meshing of the bevel driving 
gears can be adjusted by removing the lock nut 
locks and turning the differential-housing bearing 
lock nuts (8) and (93) (Fig. 51) by inserting a 
small bar in lock opening in the differential housing. 
The locks must then be replaced to lock the bearing 
lock nuts and maintain the adjustment. 


Caution: Care should be exercised in noting the 
position of the bevel gears before removing the dif- 
ferential unit. They must be replaced in their 
original position in order to prevent reverse motion 
of the wheels. 
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Clutch 


he clutch is of the single-plate type, operating in 
ou. 
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Fig. 52. Single-plate clutch operating in oil. 


(1) Clutch flywheel 

(2) Clutch flywheel bolt 

(5) Clutch flywheel cover 

(7) Clutch flywheel plug 

(8) Clutch friction plate 

(9) Clutch friction plate hub 
(10) Clutch friction plate hub bolt 
(12) Clutch friction plate ring (notched) 
(13) Clutch friction plate ring (plain) 
(14) Clutch friction plate ring lock 
(16) Clutch friction plate shoe 
(18) Clutch friction plate spring 
(19) Clutch toggle spider 
(20) Clutch toggle spider lock nut 
(23) Clutch toggle spider spring 
(24) Clutch toggle spider strap 
(25) Clutch toggle spider wedge 
(29) Clutch pull-out shoe 
(32) Clutch pull-out shoe bearing (No. 211) 
(33) Clutch pull-out shoe oil cup 
(34) Clutch pull-out shaft 
(36) Clutch pull-out shaft yoke 
(50) Clutch oil tube 


To adjust clutch: After removing the hand-hole 
cover (K) (Fig. 50) and turning the clutch until the 
ring lock appears, the space between the flywheel 
cover (5) (Fig. 52) and the clutch pull-out shoe (29) 
can be adjusted to its proper width (between Ye 
and 3%") by depressing the clutch pedal as far as 
possible and removing the friction plate ring lock 
(14), while in this position. A section of the 
notched friction plate ring (12), (which can be 
turned by means of a screwdriver) will appear 
through the opening. To increase the space men- 
tioned above, which adjustment will bring the 
clutch brake into action sooner, turn the ring in a 
clockwise direction, and to decrease it, turn it 
counter-clockwise. 
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The clutch foot lever, which can be moved after 
removing the rod end pins at the bottom of the 
clutch foot lever, should be 144” from the floor board 
when the clutch is thrown in. 


The clutch brake may be adjusted by turning the 
threaded clutch brake-band pull-rod, so that the 
brake shoe comes into contact with the clutch 
coupling ring only on the extreme outward throw of 
the clutch. 


Oil for the clutch is furnished by force from the 
engine base. 


Lubricating Instructions 


Engine: Pour filtered medium-heavy engine oil into the 
crank case sump through the filling hole until the oil-level 
indicator, on the left side of the engine frame, shows it to be full. 


Rear axle: The best lubricant is composed of 50 per cent 
straight mineral cylinder stock of as low a cold test as possible 
and 50 per cent of the oi! used for the engine. Fill each rear 
wheel with two quarts through the pipe-plug hole (84) (Fig. 51). 
Likewise put one gallon of the same mixture in the center 
housing through the filling hole (3). Every 5,000 miles, remove 
the drain plugs (3) and (84), cleanse, and refill. 


Transmission: Fill the transmission case with transmission 
oil through the filling hole on top to the level of the overflow 
plug on the left-hand side of the case. Each 1,000 miles, add 
sufficient oil to maintain this level; and each 5,000 miles, drain 
she case through the drain-plug hole in the bottom, cleanse, 
and refill. 


Grease lubricator: Fill with soft cup grease, using a grease 
gun (18) (19) (Fig. 53). 


Truck Driver’s Tool Equipment 


A good set of tools should be carried on every 
truck. A well-assorted set is shown in the illus- 
tration below (Fig. 53). This is the tool equip- 
mee as supplied by The White Co. with all of its 
trucks, 


A 


SS 


Fig. 53. The White truck tool equipment. 


(15) 1 Cotter-pin extractor 

(16) 1 Hammer 

(17) 1 Oil gun 

(18) 1 Alemite grease gun 

(19) 1 Alemite 
tubing 

(20) 1 Pliers (8’”) 


(1) 1 Canvas tool bag 
(2) 1 Jack 

(3) 1 Jack handle 

(4) 1 Half-round file 
(5) 1 File handle 


(6) 1 Open-end wrench No. 
30 (11/16” x %’’) 


grease gun 


(7) 1 Open-end wrench 
(15/16” x 114”) 

(8) 1 Open-end wrench No. 
35 (134”) 

(9) 1 Open-end adjustable 
wrench (6” long) 


(10) 2 Valve-lft adjusting 
wrenches (11/16’’) 


(11) 1 Hub wrench (3 14’) 
(12) 1 Hub wrench handle 
(13) 1 Auto wrench (14”) 

(14) 1 Magneto wrench 


(21) 1 Screwdriver, small (3’’) 

(22) 1 Screwdriver, large (9’’) 

(23) 1 Package assorted cotter 
pins 

(24) Not furnished 

(25) Not furnished 

(26) 1 Front wheel puller 

(27) 1 Front wheel-puller 
screw 

(28) 1 Spool of wire (No. 18) 

(29) 3 Set screws (34’’-10) 
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A MODERN TRUCK ENGINE: CONTINENTAL MODEL “14”? RED SEAL 


This engine will be used as an example of the con- 
struction of a modern truck engine. For a descrip- 
tion of the Continental passenger-car engines, see 
pages 93 and 94. 


Specifications 


Cylinders: four, 414’ bore, 514’’ stroke; dis- 
placement, 350 cu. in.; Power, S.A.E. rating, 32.4; 
Brake h.p., 25.5 at 600 r.p.m., 37.0 at 1,000 r.p.m., 
42.0 at 1,200 r.p.m., 43.0 at 1,300 r.p.m.; Weight, 
807 lbs.; Cooling, centrifugal pump; Lubrication, 
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Fig. 54. Front sectional view of model “L4,” four-cylinder “Red S 


especially for trucks with a carrying capacity of 314 tons, 


“full force” pressure feed (see Fig. 55); Carburetor, 
vertical outlet, 114” S.A.E. flange; Ignition, pro- 
visions for magneto or engine driven distributor; 
Generator, crank case accommodates any standard 
make; Starter, fly-wheel housing accommodates 
any standard make with Bendix drive; Clutch, 
multiple disk or 12” plate type can be used ; Sus- 
pension, three-point; Construction, unit power 
plant with enclosed flywheel. 


Lubrication 


The main oil distributing line runs the full length 
of, and is cast integral with, the crank case. The 
passage is lined with steel to eliminate seepage. 
From this reservoir, secondary leads, cast in the 
crank case and lined with steel, run to the three main 
bearings of the crank shaft and to the gear case. 
Through passages drilled in the crank shaft, oil is 
supplied under pressure to the connecting-rod crank- 
pin bearings. Piston pins are supplied with oil 
through separate lines running up the. connecting 
rod from the lower end bearing. The cam-shaft 


=z 


ne 


: , , the 
s and cylinder walls are lubricated by 
eres thrown off by the connecting-rod bearings. 


il-pressure regulating valve, with adjust- 
hee as top of the ioe case, distributes oil over 
the timing gears and timing-gear bearings. An 
individual line, connecting with the main reservoir, 
takes care of the governor-drive gears. 


Oil-pressure adjustment: At the factory adjust- 
ment is made at the oil-pressure adjustment screw 
to show 7 lbs. at 600 r.p.m. Higher pressures can 
be expected of a cold engine. Under ordinary 


. <—HOT WATER OUTLET 


YiL.HEAD NUT_FOR 
F REMOVING CYL. HEAD 


WATER PASSAGE 
CYLINDER 


PISTON 
65 PISTON RINGS 
= Za 
Eq — WATER PASSAGE 
BL — piston PIN 
PEE Coolwater 


INLET PIPE 


} OIL LINE CONNECT: 

Bea 
é 

Fe ay on. ois 

TRIBUTING LINE 

_ LAMINATED 

b> / BEARING SHIMS. 


FOIL PIPE 
TO MAIN 


SOIL PAN 
OIL LINE 
CONNECTION 


MP OUTLET PIPE FROM 
; OIL PUMP TO OIL 
© DISTRIBUTING PIPE 


OIL RESERVOIR 


eal” Continental engine. Model “L4” js dasigned 


operating conditions, the pressure may range from 
7 lbs. to 30 Ibs., depending on the viscosity of the oil 
and the general condition of the engine. Adjust 
when the oil reservoir is filled with fresh oil and the 
engine is warm. 


After releasing the lock nut, the adjusting screw 
should be turned down to increase the pressure, or 
up to decrease the pressure, until the correct amount 
is indicated by the gauge on the dash. When the 
correct pressure is indicated, be sure to turn the 
adjusting-screw lock nut down until tight. 


Valve Timing—Continental Model ‘“‘L4”° 


Inlet opens 10° after top; closes 20° after bottom. 


Exhaust opens 36° before bottom; closes 5° after 
top. 


The inlet open period is 190° and the exhaust open 
period is 221°. Firing order is 1, 3, 4, 2. . Greatest 
torque is at 625 r.p.m. Carburetor flange opening 
is 114” (S.A.E. flange—see page 1051). 
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Fig. 55. Longitudinal sectional view showing lubrication system of model “L4,” four-cylinder “Red Seal’? Continental 
engine. Lubrication of model “L4” engine is provided with a pressure-feed oiling system, or what is termed “‘full force feed.” 
The gear-type oil pump 1s submerged in the oil in the reservoir and is automatically primed, and supplies oil positively under a 
pressure varying from 7 Ibs. to 30 lbs. Note that the end play in the cam shaft is adjustable by means of the cam-shaft end-thrust 


= adjusting screw. 


4 Continental “Red Seal’? Model ‘*J4’? Engine Truck engines, on the other hand, are called 
2 The model ‘‘J4” (not illustrated) is a smaller upon sohaine aoe peneenshee of their deveges 
g model, designed for truck use. Type: 4-cylinder, em at practically all times. or this reason, 
B vertical, L-head. Size: 334’ bore by 5” stroke. eumomue, parts ate more generous in sZt, 
=| 4 : and the engine is otherwise designed to with- 
Power: S.A.E. rating, 22.5 h.p. ; : 

2 Ee eel strains. riba pr oe accelera- 
: : tion, flexibility, are not the important require- 
Questions and aloe a Continental ments of a commercial vehicle. There must be 
: 1 : ample power, however. Dependability and 
Q.1: What is the difference between engines long life are essentials. The engine must 
designed for passenger cars and engines de- operate at full speed with maximum efficiency, 
signed for trucks or for other heavy duty work? day after day, for long periods of time, under a 
Ans.: Passenger-car engines are constructed more great many unfavorable weather and road 
lightly than commercial truck engines. The conditions. This calls for more adequate cool- 
e elimination of unnecessary weight is a most ing facilities, generous bearing surfaces, and 
important item in passenger-car design, as com- more rugged construction throughout. See also 

fort and performance are primary requirements. page 911 of this instruction. 


Weight distribution, as it affects the balance of ; ; 
the car, is another important item which affects Q. 2: How is the oil pressure regulated? 


directly the performance of the vehicle. Then, aa ; F 
egy s.: The flow of oil from the pump increases or 
BOG ae EDASBeD Ber CAL one seldom called decreases in direct proportion to the speed of 


upon for maximum power at any speed, and : } 
only a small percentage of the developed power the engine. sp paseauen ley , the ce aaa rade 
is used under normal driving conditions. Con- varies accordingly, as the capacity of the oiling 
sequently the resistance offered the power system, accurately predetermined for each ar 
impulses is small in proportion to the developed nc a is a constant Ay se ARS a 
power of the engine. In design, the weight and ise rs Cee rn fl Devoe a ine Oo this 
strength of the reciprocating parts are in pro- ze iv me Th Boe aaah the OFTRE OL TNE a 1s 
sie a Tali edad ie pore: Ya mae a roe ae 
Fe a a le en ae a with a suitable lation of this valve is taken care of through a 


factor of safety to withstand the heavy duty screw held in place by a lock nut. The screw 


often encountered by passenger cars rhe? £0)" controls the tension of tho coll spring aguinst 

: : tp e ball valve automatically opens in 

this type accelerates quickly and is usually ee a 3 

frie al higher speeds than are eo by a eaibts A Sed bent a Seay 
r' stroke. BS ’ 4 

truck Digtors of the samp, bore an maintaining in the oil lines the most effective 

1See pages 93 and 94 for the Continental passenger-car cate for adequately lubricating all moving 


engine, model “7R.”’ 


938 DYKE’S INSTRUCTION No. 76 


Q. 8: If adjustment of the ‘oil pressure is required, 
when should it be made? 


Ans.: The ideal time for adjusting oil pressure is 
when the engine is filled with fresh oil and after 
it has been operating long enough to have 
attained its normal running temperature. 


Q. 4: What are the correct oil pressures for ‘Red 
Seal’’ Continental motors? 


Ans.: The correct oil pressure to maintain depends 
first upon the type of oiling system used in the 
engine. Continental motors in use today are 
provided with one of two types of lubrication. 


The first, a combination splash and force- 
feed system, usually includes a plunger-type oil 
pump and might be termed a low-pressure 
system. The oil gauge will usually show a 
reading of from _2 lbs. to 7 Ibs. 


— The second, a full force-feed system, 
usually includes a gear-type oil pump and 
might be termed medium or high pressure. 
Engines so equipped will usually operate under 
a pressure from 10 lbs. to 30 lbs. In every case 
the pressure is influenced to some extent by 
the speed of the vehicle, the viscosity of the oil, 
and the general condition of the engine. 


Q. 5: Can valve guides be replaced and what are 
they made of? Are valve plunger guides 
replaced and what are they made of? 


Ans.: Both valve guides and valve tappet guides 
are made of a refined grey iron. They can 
easily be replaced. 


Q. 6: Are governors used on Continental motors? 


Ans.: Motors designed for passenger-car service are 
not adapted to governor installation. 


Motors designed for commercial vehicle work, 
however, have provision for standard types of 


engine-driven mechanically operated governors. 
The maximum speed is 1,300 r.p.m., usually 
governed to 1,200 r.p.m. 


Q. 7: What is the bore of the cylinder of the “‘L4” 
in decimals? : 


Ans.: The bore is 4.500’ (four inches and five hun- 
dred one-thousandths, or 414’). 


Q. 8: What is the standard clearance of the piston? 
Ans.: The standard clearance on the “‘L4” is .004”. 


Q. 9: What would the standard piston then meas- 
ure at the skirt? 


Ans.: It would measure 4.500” — .004’’=4.496”. 


Note that an allowable limit of .002” is usually permitted 
for the cylinder bore and the piston, and the standard piston 
will usually measure 4.498”. 

Q. 10: What sizes of oversize pistons are furnished 


by the Continental Motors Corporation? 


Ans.: .002’’, .003”, .005’’, .010’’, .020’, .022’”, 025”, 
027”, .030’’, .035’’, .040’, .045’’. 


Q. 11: What would they measure, expressed in 
decimals? — 


Ans.: If the standard-size piston is 4.498”, the 
.002” oversize would be 4.498’+.002”=4.500’. 


.003”’ oversize; 4.498+ .003=4.501”” 
.005” oversize; 4.498+.005= 4.503” 
.010” oversize; 4.498+.010=4.508” 
.020” oversize; 4.498+ .020=4.518” 
.022” oversize; 4.498+ .022=4.520/ 
.025” oversize; 4.498-+ .025=4.523/”” 
.027”’ oversize; 4.498+.027=4.525”” 
.030” oversize; 4.498+.030=4.528” 
.035” oversize; 4.498+ .035=4.533”” 
.040” oversize; 4.498+ .040=4.538” 
045” oversize; 4.498+.045=4.543” 


See also Index for other Questions and Answers on 
Continental engines. 


EXAMPLE OF ADJUSTING A LIGHT TRUCK AND TRACTOR ENGINE (WAUKESHA) 


There are many different makes of truck engines. 
It is impossible to show them all. We will, there- 
fore, select the Waukesha as an example of how 
adjustments are made, such as taking up on the 
bearings, etc. 


Although the construction may vary on different 
engines, the same principle of making these adjust- 
ments will apply to many of the other engines on 
the market. See also discussion of the Continental 
model “L4” engine (page 936), which is a very 
jonuet engine In use on many different makes of 

rucks. 


How to Put Oil in Engine 


_ Remove the breather cap (A) (Fig. 58). Pour oil 
into the breather until the needle float in gauge (B) 
comes up to within }4” of the top of the glass. 


Remove the crank-case hand-hole plate (Fig. 62), 
and fill each trough under the connecting rods. 


Use a thinner oil in winter and a heavier one in 
summer, 


(C) (Fig. 58) represent water drains for cleaning 
sediment or rust from the water jacket and circulat- 


ing water pump, and also for draining in winter to’ 


prevent freezing. 


Engine Oiling System Inspection 


_ Drain the oil—remove the oil pan so that you can 
Inspect thoroughly. When the system is running 
properly, a stream of oil is constantly forced through 
holes (A) (Fig. 59). Inspect each oil hole carefully 
and see that they are not clogged or partially clogged 
up. A piece of waste or dirt may have worked into 
one of the holes, preventing the flow of oil entirely. 


To test the oil flow: With some oil in the oil pan, 
turn the oil pump shaft with a pair of pliers as 
shown. Ifthe oil discharges through all of the holes, 
the pump and oil line are working properly. 


Clean the screen (3M) (Fig. 59): This should be 
cleaned often with gasoline, say every three months, 
if the engine is run regularly every day. When 
removing the screen for cleaning, be sure to retain 
the Supporting spring inside and to make sure of 
an oil-tight joint being established between. the oil- 
pump screen-flange gasket and the crank case (see 
Fig. 59). 

The oil pump is located at the lower left side of 
the engine, when standing in rear of it (see Fig.62 
and Fig.57). Itis driven by a cam shaft (see Fig. 57). 

The system described ab i ili 
of the models SLR? “M? “poe Nr) ang yatem 
“SU4R ” “RUAR, ” “LU4 ? “ME 4 ”) ar ? } 
Waukesha engine. ‘ iE A, 
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Fig. 56. Front-end sectional view of the Waukesha 4-cylinder engine. 
(C) valve spring cap; (E) lifter adjusting screw; 
guide; (L) cam on cam shaft; (A) valve cap; (B) copper gasket; (I) valve seat; (H) valve face. 


spring; (D) valve spring retainer; 


Kinds of Oil to Use 


For pleasure cars, thin; for trucks, thicker; for 
tractors (gasoline), heavy; for tractors (kerosene), 
heaviest. When kerosene is used, clean the oil pan 
often and put in fresh oil (see page 167). 


To Get at the Gears 


Take off the front gear cover carefully. See that 
no bolts or nuts are mislaid or lost. Also be careful, 
in taking off the ball-race on the governor, to see 
that none of the bearings drop out. Do not put the 
front gear cover on again until you are absolutely 
sure that every one of the ball bearings is in place, 
and that the paper gasket is in good condition to 


prevent oil leaks. 


Be sure to mark the gears. It is very important 


that the gears be, kept in exactly the same posl- 
Mark each 


tion as when you received the engine. 


Lubrication is of the splash system: (F) valve 
(G) lock nut; (J) valve lifter; (K) valve 
Water circulating pump on left. 


gear as shown in Fig. 60, that is, mark the center 
gear (A) (B) (C), as shown; then mark the same 
letter on the gear that connects at the particular 
point. 


In putting the gears on again, see that the con- 
nections are A-A, B-B, C-C, just as marked. 


In marking the gears, put the letter on the cog of 
one gear and on the corresponding space where this 
tooth meshes on the connecting gear, just as shown 
in Fig. 60A. 


Operation of Waukesha Governor 


Two circular weights back in the case behind gear 
(O) (Fig. 61) are held by—and swivel about—the 
two pins marked (K). These weights fly out at 
speed—moving the part (A) outward. This action 
presses the ball-bearing thrust contained in retainer 
(B) outward in proportion. 
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Fig. 57. Sectional side view of Waukesha 4-cylinder: engine showing operation and interior construction. 
governor fulcrum and the oil pump, the latter being at the lower flywheel end. 


The lever (D) swivels on the fulerum (C)l- ihe 
movement of (A) causes a movement of rod (R) in 
the direction indicated by the arrow. The move- 
ment of rod (R) closes valve (h), which is of the 
butterfly type, and swivels on shaft (S). 


The adjustment for speed is made by turning 
screw (L). Turning (L) in the direction indicated 
by the arrow causes the engine to speed up, while 
turning (L) in the opposite direction causes the 
engine to slow down. 


Fig. 58. Right side of the Waukesha truck engine. 
engine. See also page 943 for setting the magneto, ‘The 


Note the Hisemann “G4” magneto (see also 
circulating pump and magneto are driven from gear (2C) (Fig. 60); 


DYKE’S INSTRUCTION No. 76 


Note the 


The governor is locked by locking nut (G) eG 
is further possible to lock and seal the whole arrange- 
ment by passing a seal wire through the hole in the 
spring housing, and through the hole in nut (G). 


(F) is a spring, the tension of which governs the 
speed of the engine. The governor is of the throt- 


tling type, and controls the amount of gas to the 
cylinder; it would, therefore, be termed a throttling 
type of governor of the centrifugal type—but by 
weights, instead of by balls. 


page 269) type used on this 


= 
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Fig. 59. 


How to Time the Valves 


All Waukesha engines have cylinders numbered 
1-2-3-4, starting at the front, or gear end and reading 
toward the flywheel end. 


Timing Valves by Flywheel Marks 


As a rule, the flywheels are marked as to when 
the valves should open. The following method is 
applied in case the flywheel and the timing gears 
are not marked. 


First: Turn the engine over until No. 1 piston is 
on upper dead center (Fig. 63). In order to deter- 
mine when the piston is at upper dead center, 
remove the cylinder-head plug and insert a steel 
rule (R) (Fig. 62), or any marked stick. Rotate 
the crank shaft and watch while the rule (R) comes 
up. When it ceases to rise, the piston will be at 
upper dead center. 

Draw two lines across the back side of the flywheel 


(Fig. 63); next measure off 53° on each side of the 
center line at the lower half of the flywheel. 


Second: On the illustration (Fig. 62) note the 
pointer (A) (also called a trammel; see also page 


i i : hed. Engine is up-side-down. 
Hig, 60, » Showing Row te eat adee idk ar which is aacatl between the small crank-shaft gears (2B) and (2C). 


which drives the cam shaft and oil pump, and is driven by the 
half the speed of the crank-shaft gear (2B). 


circulating pump; the next gear to it is the idler ge 
The gear on which the governor 1s attached (2A) is the gear 
idler gear. Therefore the cam-shaft gear (2A) revolves at one- 


Fig 60A, Shows how the tooth of one gear, marked (A) mu 


Oil pan removed. 


66). This pointer points to the exact top center 
of the flywheel. The arrow on the dead center 
line (Fig. 63), shows where pointer (A) points, look- 
ing at the back side of the flywheel. Turn the 
engine over slowly until the arrow (A) points 
directly on line No. 8, as indicated in Fig. 63. 


Third: Remove the idler gear (A, B, C) (Fig. 60). 
See that the push rod (J) (Fig. 62) is in its lowest 
possible position. Place a thin piece of paper 
between the push rod (J) and the valve stem (X) 
(Fig. 62). Turn the cam-shaft gear (O) (Fig. 61) 
slowly toward the right until the paper which is 
placed between the push rod (J) and the valve 
stem (X) is held tightly. Be sure that the valve 
stem (X) has not risen any. Also be sure that the 
cam-shaft gear retains its position and that the 
piece of paper is still held tightly between the push 
rod and the valve stem. ‘There should be about 
003” to .004”” clearance for the inlet and .005” to 
.007’”’ on the exhaust. 


Fourth: Place a wooden wedge between the cam- 
shaft gear and the case, in order to keep this setting. 
This will give the free use of both hands for replacing 
the idler gear. 


Replace the idler gear. 


Tig. 60A 


The small gear (2C) drives the magneto and 


st mesh between two gear teeth marked (A). Note in 


Fig. 60 that A and A, B and B, and C and C must mesh in this manner, 
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Fig. 61. 


Fifth: Give the engine a slight turn (say about one 
half-inch on the flywheel); now see if the exhaust 
valve (X) has risen any. It should, if the foregoing 
instructions have been carefully carried out. You 
can now replace the gear-case cover and the cylinder- 
head plug. 


Timing Valves by Position of Piston 


If it is impossible to get at the flywheel, remove 
the cylinder-head plug, insert a ruler as shown in 


Front view of engine with gear-case cover removed, showing gears and governor action. 
between the two small gears drives the large cam gear and magneto and circulating pump gear. 


The large idler gear 


Fig. 62. When the upper dead center has been 
determined, measure the distance from the top of 
the piston to the top of the cylinder. For example, 
let us say it is 2’... See arrow marked (D) (Fig. 62). 


Now slowly turn the engine over until the dis- 
tance from the top of the piston to the top of the 
cylinder measures 754”, This means that the 
piston has made a drop of 574”, at which place the 
exhaust valve (X) should just start to open. In 
order to set the valve and complete the timing, refer 


Fig. 62, Determining position of piston for purpose of timing valves. 
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to paragraphs, ‘Third,’ ‘Fourth,’ and “Fifth,” 
pages 941 and 942. 


Fig. 63. Valve timing diagram of Waukesha engine models 
“T-LU4,” “M-MU4,”’ and “P-PU4.” 


This setting pertains only to models “L-LU4,” 
“M-MU4,” and “P-PU4.” 

For models ‘‘O-OU4-OU4R,” “S-SU4-SU4R,” 
“R-RU4-RU4R,” “N-NU4-NU4R,” the piston 
should drop 47%” from upper dead center; that is, 
the exhaust valve should open 50° before the piston 
reaches the bottom dead center after the explosion 
has taken place. 
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For models ‘‘T” and “‘TU4,” “B” and “BU4,” 
the piston should drop 4.644” or 444”” from upper 
dead center; or the exhaust valve should open 45° 
before the piston reaches the bottom dead center 
after the explosion has taken place. 

In all cases, in resetting the valves, the magneto 
will have to be retimed; for this operation see Fig. 64. 


Example of Setting Time of Spark by Position 
of Piston (Magneto Ignition) 


The engine used in this example is the Waukesha 
4-cylinder truck and tractor engine, using a high- 
tension magneto for ignition. 

In case the magneto has been removed from the 
engine and its connections have not been previously 
marked, it can be retimed as follows: 

First: Open all the priming cups on top of the 
cylinders and turn the engine over slowly until the 
compression stroke begins in No. 1 cylinder. This 
can be ascertained by holding the thumb tightly 
over the priming cup of this cylinder and observing 
that both the valves remain closed (see Fig. 64). 

When the compression stroke begins on No. 1 
cylinder, stop and remove the cylinder head plug; 
now insert a ruler and slowly turn the engine until 
the piston comes to upper dead center, or when the 
ruler ceases its upward movement (see Fig. 62). 

Second: Now measure the distance from the top 
of the piston to the top of the cylinder. For ex- 
ample, let us say that the distance measures 2” 
from the top of the piston to the top of the cylinder. 
Turn the crank over until it measures 24%”. This 


Fig. 64. Magneto setting and timing. 
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means that the piston has made a drop of 14” after 
top, on firing or power stroke, at which point the 
spark should occur. Replace the cylinder-head plug 
to prevent any objects from falling in the cylinder. 


Third: Remove the bolts (C) which connect 
the flanges (A) and (B); then connect the leather 
coupling (G,F,E,D) next to the magneto. The 
magneto is driven by a gear in front of the engine, 
which is driven from the crank-shaft gear, with an 
idler gear between. 

Fourth: Set the breaker (or interrupter) cam in 
such a position that the distributor arm (K) will 
come on the No. 1 cylinder high-tension terminal in 
the distributor, and so that the contact screws (H-J) 
of the interrupter are just starting to open. Letter 
(I) represents the opening between the platinum 
contacts (H and J) with the spark lever in the 
fully retarded position. 


Fifth: Replace the two bolts (C) in the flanges 
(A-B); that is, one on either side of the coupling. 


Sixth: Attach the wire which leads from the spark 
plug on No. 1 cylinder to the terminal marked No. 1 
in the distributor plate; No. 2 spark-plug wire to 
the terminal marked No. 2; No. 3 spark-plug wire 
to the terminal marked No. 4; and No. 4 spark-plug 
wire to the terminal marked No. 3. 


How to Adjust Loose Connecting Rods and 
Main Bearings of Waukesha Engine 


Connecting rods and main bearings may be 
adjusted without taking the engine out of the 
chassis as shown in Fig. 65. However, this does not 
hold true where it is impossible to work at the engine 
from below. 

The following instructions will give a good idea 
how to proceed in order properly to adjust the con- 
necting rods and main bearings not only on this 
engine but other engines. 

First: Drain off the oil by removing the drain or 
pipe plugs from the bottom of the oil pan; then 


Fig. 65. Showing lower part of crank case with oil pan removed; Fig. 66. 
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place a small lift jack under the pan to keep it from 
dropping before all the oil pan bolts that support it 
have been removed. It is advisable to tie up the oil 
float (B) as high as possible, to prevent it from drop- 
ping into the oil pan while the latter is being removed 
(this can be done by unscrewing the holder of the oil- 
gauge glass) and thus prevent the possibility of it 
being damaged or bent. This also makes it easier 
when you are ready to replace the oil pan. Open 
all four compression cups on top of the cylinders. 

Second: After removing the pan, scrape off the 
gasket from the bottom edge (J) of the crank case, 
and clean away all dust and dirt so that it will not 
get into the bearings. Clean your hands and tools 
before working on the bearings, and never use cotton 
waste or any rags which might leave shreds behind, as 
these might cause serious trouble to the oiling system. 

Third: When working on bearings, it is a good 
plan ‘o pull out the pistons and clean off the rings 
and piston heads. Always oil the piston rings 
before replacing the piston. 

Fourth: Pull out the cotter pins (A) and unscrew 
the four nuts (H) (always use a socket wrench for 
this operation as open-end wrenches are apt to de- 
stroy the nuts); when taking off the cap be careful 
not to lose any shims or liners (F), and keep them 
in place on (K) until ready to remove them. 


On this engine, as well as on most all engines, 
laminated shims are used between the connecting 
rods and their caps, allowing one to adjust the bear- 
ings to within .002’.. Laminated shims vary in 
thickness, and are made up of a series of small shims 
—.002’’ in thickness—which are pressed together as 
one piece. In taking the loose play out of the bear- 
ings, one can peel these shims off (Fig. 66) to any 
extent required to have a perfect adjustment on the 
bearings. Never peel off any more of the shims at 


one time than is necessary. Take out the shims to 
the extent you think necessary to take up the wear, 
being careful to remove an equal amount_of shims on 
each side of the cap. 


Peeling off a laminated shim, as described in text. 
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Before replacing the cap, see that the thin shims 
are placed between two heavy ones, with which the 
connecting rods are always supplied. Replace the 
cap and draw it up as tightly as possible, using all 
four nuts, and drawing them up evenly and firmly. 


Now try turning the engine over by hand in order 
to find out whether you have the bearings too tight 
or not. It should turn easily, as this represents 
only one tight bearing; when this bearing is right, 
loosen it, and proceed to fit the other bearings in 
the same manner. 


After each bearing has been fitted and tested, 
draw up firmly all the nuts and use new cotter pins 
only; never back up the nuts to insert the cotter 
pins. _ Always draw up to the next notch. Never 
use wire in the connecting-rod nuts, as it will inter- 
fere with the oiling system. Have the cotter pins 
well bent apart, so that they cannot back out when 
the engine runs. 


How to Replace Worn or Damaged Main 
Bearings 


First: Take the engine out of the chassis, and 
before removing the pan, draw off all the oil. Refer 
to page 938 for instructions for removing the oil pan. 


Second: Take out all spark plugs, priming cups, 
etc., on top of the cylinders. Now stand the engine 
on its head, and place props under the engine arms 
to keep it from wobbling while work is being done. 


Third: Remove the oil pan and take out all 
pistons, and be sure that they are all marked so 
that they will be put back into their respective 
places. Remove the gear case as shown in Fig 60. 


It is most important, before removing the crank 
shaft, to mark all the gears in accordance with 
instructions on page 941, otherwise there is a pos- 
sibility of getting the engine out of time. 


Take off the flywheel, but be sure that you have 
it marked with the flange on the crank shaft, as it is 
very important that the flywheel should be replaced 
in the same position as when you take it off. 


Fourth: Take off the three main bearing caps 
(M) (as illustrated in Fig 65), and remove the crank 
shaft. Stand the crank shaft up on end and place 
it safely aside, as a fall might spring it out of shape, 
and later you would wonder why the bearings could 
not be fitted with the proper alignment. Remove 
the idler gear marked (A-B-C) (Fig. 60). 


Take out the screws to remove the damaged bear- 
ing. Clean away all dirt and grit with gasoline; fit 
in one-half of the new bearing in the crank case. 


This operation is the same as described for replacing 
the connecting-rod bearings (page 944). 


After the bearing has been fitted in the crank 
case, replace the crank shaft. Apply Prussian blue 
or red lead to the crank-shaft bearing surface and 
scrape off the “spottings” in the same way as In fit- 
ting new connecting-rod bearings. Strict attention 
must be paid to see that the new bearing does not 
rest too high in the case so as to throw the other two 
bearings out of line, nor should the bearing be too 
low. 


Should the bearing be too high, either the two 
other bearings will have to be raised by shimming 
them up, or the new bearing must be scraped until 
the three bearings are on the same level. The crank 
shaft must fit the half of the main bearings in the 
crank case perfectly before you proceed to fit the 


caps. 


_ Always fit the rear main bearing cap first, and 
tighten it up as much as possible without stripping 
the bolt threads. When the bearing has been prop- 
erly fitted, the crank shaft will permit moving with 
one hand. If the shaft cannot be turned with 
one hand, the contact between the bearing surfaces 
is evidently too close, and the cap requires shimming. 
On the other hand, if the crank shaft moves too 
easily, some shims must be removed to permit it to 
set closer. 


After removing the cap observe whether the blue 
“spottings” indicate a full bearing the length of the 
cap. If they do not, the bearing will have to be 
scraped. Lay the rear bearing aside, and proceed 
to adjust the center bearing in the same manner. 
Repeat this operation with the front bearing, with 
the two other bearings laid aside. 


When the proper results have been obtained with 
the bearings, replace the idler gear and be sure that 
the connections (A-A) (B-B) (C-C) correspond, as 
shown in Fig. 60). 


You can now replace the caps and insert the cotter 
pins, or wire. Be sure, when you replace the 
pistons, that the heads and the rings are free from 
grit and carbon and also oil each piston ring care- 

ully. 


Fifth: Oil the bearings well by means of an oil can, 
and turn the engine over (by using the crank handle) 
several revolutions before replacing the oil pan. 


Sixth: Are you sure that holes (C) in all four con- 
necting-rod bearing caps are facing the direction in 
which the engine runs? This is important, because, 
when the engine runs, oil is forced into these holes 
to lubricate the bearings; if one of these holes 
should face in the opposite direction, that bearing 
would get practically no oil, the bearing would heat 
up, and would soon cut out, resulting in a costly 
repair. 


Seventh: Refer to the oiling system, page 938, 
before replacing the pan. 


How to Replace Worn or Damaged Connecting- 
Rod Bearings 


First: Remove the oi! pan, as instructed on page 
938; then take off the cap and pull out the piston, as 
shown in Fig. 65. 


Second: Take out the screws (D, lower illustra- 
tion in Fig. 65) in order to remove bearing (E). Be 
sure to fit the bearing half with the large oil hole (S) 
in the cap, and the other half in the connecting 
rod (K). 


The back side of the bearing must have a perfect 
or snug fit in the connecting rod, otherwise it will be 
impossible to get a perfect, permanent bearing on 
the crank pin (L). Fitting the back of the bearing 
is practically on the same order as fitting the bearing 
to the crank pin. Using Prussian blue or red lead 
in the rod and cap will enable you to find the high 
spots between the cap and the bearings; these high 
spots must be draw-filed (see Index). 


Third: Put in the screws (D) very firmly, and be 
sure that the heads are lower than the bearing sur- 
face so that they do not come in contact with the 
crank shaft. Next draw a file across the top of the 
cap and the rod to have the bearing flush with it. 


Fourth: Without replacing the piston in the 
cylinder, fit the bearing to the crank pin (L); if 
the bearing is too wide, the ends will have to be 
draw-filed. Be careful not to file off too much. By 
applying Prussian blue or red lead to the crank-pin 
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surface, it will enable you to fit the bearing to the 
pin to determine whether a perfect bearing surface 
is obtained. Remove the rod and observe whether 
the blue or red “spottings” indicate a bearing the full 
length of the cap. If they do not, the babbit should 
be scraped until a perfect bearing surface is obtained. 


Adjust the bearing to the crank pin so that it can 
be moved to and fro freely, but at the same time it 
must not be loose. 
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Remove the connecting rod and replace the 
piston, and give the bearing the same adjustment as 
you did when the piston was out; then turn the 
engine over by hand several times to make sure 
that no binding takes place. 


Do not be afraid of getting the connecting-rod 
bolts too tight, as the shims under the cap will pre- 
vent the metal from being drawn into too close con- 
tact. 


GOVERNORS 


Governors are sometimes used on trucks, tractors, 
taxicabs, and marine and stationary engines. 


Purpose of the Governor 


There are two reasons for using a governor: one, 
to regulate the vehicle speed, the other, to regulate 
the engine speed. The governor is set at whatever 
speed the car owner desires, is then sealed, and 
the driver-can never exceed the speed for which 
the governor is set. The engine type of governor 
(Figs. 67, 68, and 69) is used to prevent undue racing 
of the engine when changing gears or releasing the 
clutch. ‘The average driver will work his engine at 
high speeds a great deal more than is necessary, 
straining the entire mechanism of,the car, and wast- 
ing both fuel and oil. By governing the engine 
speed, the vehicle speed is also limited. 


Anything which tends to decrease the speed of 


the engine, namely, going up hill, through a mud- 


hole, or with an added load, in turn causes a decrease 
in the speed of the engine and a consequent decrease 
in the speed of the gases, when immediately the 
governor opens the throttle to admit a sufficient 
amount of gas to maintain the speed at which the 
adjustment was made. 

Engine drive—(Figs. 67, 68, and 69): This type of 
governor regulates the number of revolutions of the 
engine, and will keep it running at a definite, safe 
speed, regardless of the load it is pulling, even if the 
throttle is wide open. The regular hand-throttle 
lever or accelerator may be used for lower speeds. 
Should the clutch be suddenly released when the 
engine is pulling a load or running at maximum 
speed, the engine positively cannot race. The 
engine governor also limits the vehicle speed, 
because the engine cannot exceed the set speed. 


Transmission governor drive (seldom used) is where the gov- 
ernor on the engine is driven by a flexible shaft and gears from 
the transmission or front axle. 


THE SIMPLEX, DUPLEX AND McCANN GOVERNORS 


The governor (Fig. 67) is placed between the 
carburetor and the intake manifold. It operates 
on the centrifugal principle. As the speed increases, 
the weights (W) cause the valve (T), which is of a 
grid construction, to close the gas passage (GO and 
G1) gradually, thereby cutting off the flow of gas 
to the inlet manifold. Therefore it would be 
termed a “‘throttling-type governor, centrifugal 
type.” 
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Fig. 67. The Duplex governor: (1) locking pin; (2) yoke; 
(3) hand wheel; (4) valve seat; (5) oil entrance; (6) oil cap; 
(7) oil discharge. 


On the Simplex single-drive governor, the shaft is 
aarhed to the engine or vehicle in any manner 
desired. 


_ On the Duplex double-drive governor,’ one shaft 
is attached to the engine and the other is attached 
to the vehicle, at the wheel or transmission. 


The difference between Duplex and Simplex is 
that with the former you can control both the engine 
and the vehicle speeds, whereas with the latter, 
ee the engine or the vehicle speeds can be con- 

rolled. 


1 Duplex Engine Governor Co., 36 Flatbusk Ave., Extension, 
Brooklyn, N.Y. 


On high gear, with a truck running at 12 m.p.h., 
the engine may turn over only at 900 r.p.m., but for 
low-gear service the engine may be governed for 
1,400 r.p.m. Therefore you would be able to main- 
tain 12 m.p.h. even in second gear. 


The governor is a telltale on carburetion. If it 
surges, 1t may result from one of five causes: the 
mixture is too rich; the governor lubrication is bad; 
the ignition is faulty; the governor valve is dirty; 
He cable drive is not steady and free from back- 
ash. 


To Set and Care for the Simplex or Duplex 
Governor 


Toset: First get the consent of the factory, other- 
wise you may lose your guarantee. Turn the hand 
wheel (3) out for higher, and in for lower speeds. 
Do not fail to lock the hand wheel with the yoke 
(2) after setting, if a locking spring is not provided, 
and see that the yoke does not bind on the hand 
wheel. The locking pin and seal (1) are for the 
protection of the governor and the engine. Do not 
touch the valve screws (4). 


To operate the engine with a governor: For best 
economy, run the vehicle on governor speed as 
much as possible. Bring the vehicle speed up to 
set & maximum governor speed with the throttle 
lever and then advance the spark and throttle to 
the best normal running positions. 


Do not over advance the throttle, as the engine might “hunt” 
with a heavy load on low piston speed. Find the best throttle 


position, and mark it. 


Lubricate weekly at (5) by filling the chamber with medium 
cylinder oil; 600-W is preferred for summer, and in winter add 
an equal amount of light machine oil, Every 1,000 miles 
remove drain (7), fill half-full of light machine oil, run for ten 
mates to clean the interior, and drain out. Then refill as 
above. 


To clean the governor valve: If necessar: 
: n 1 é y, pour kerosen 
into the air inlet of the carburetor while the ehelee is ranniuge 
varying the speed. 3 
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McCann Suction Type of Governor 


This governor is mounted on the carburetor (Fig. 
19, page 39). When the engine is turning slowly, 
the full current of gas from the carburetor, as 
controlled by the throttle, is allowed to pass to the 
cylinders. 


_As the speed increases, resulting suction causes 
piston (P) to rise against the pressure of spring (S), 
thus gradually cutting off the supply of gas through 
the perforations, until, at maximum speed-setting, 
the engine cannot be further accelerated. This 1s 
termed a ‘‘suction type of governor.” 


947 


Fig. 68. The McCann governor. 


CARE AND INSTALLATION OF PIERCE CENTRIFUGAL ENGINE? GOVERNOR 


Mounting governor: Use thin gaskets of blotting 
paper only. Do not use shellac—it will cause the 
governor valve to stick. ; 


_ Flexible drive shaft: There should be no bends 
in the shaft within 2” from either end, nor should the 
shaft be bent into a circle of less than a 10’ radius. 
Make all bends as easy and large as possible. 


Solid drive shaft: In mounting a solid shaft, be 
sure that the shaft ends properly engage in the 
governor, the right-angle drive, and the engine con- 
nection, and see that the lock nuts on the tube are 
tight. Do not screw the tube up tight enough to 
cause the shaft or gears to bind. 


Oiling governor equipment: Before the governor 
is put into active service, see that the case contains 
about 4 oz. of good light oil (light Polarine preferred) 
that is not affected by change in temperature. Put 
in one or two ounces of oil every thousand miles. 
The flexible shaft should be kept packed with 
Artic No. 3, or a good graphite grease, renewing it 
every 2,000 miles. Oil the gear bearings, the right 
angle drives, or the engine connections, each week 
through the oil holes provided. 


Loose connections: When driving gears or 
brackets are used, examine them regularly to see 
that none work loose and that the gears are kept in 
perfect alignment, and are meshing properly. Ifa 
belt is used, keep it tight and free from oil or grease, 
to prevent slipping. 


Fig. 69. Engine speed controlled by governor (G) driven 


from gear on cam shaft through adapter (F) and solid shaft 
(S-S-N). (O) oil cup; (A) adjusting screw and seal. The 
governor can be driven from any rotating part of the engine. 


Regulating governor speed: Should it be desir- 
able to change the speed adjustment, cut the wire 
that seals the adjusting screw and pull off the cap 
thatit holdsin place. The adjusting screw (A) (Fig. 
70) will then be exposed. ‘Turning this screw to the 


right, or clockwise, decreases the speed; turning to 
the left, or counter-clockwise, increases the speed. 
When proper adjustment has been made, replace 
the cap and seal it, so that the adjustment cannot 
be tampered with or be affected by vibration. 


Note. The governor does not interfere with the 
regular spark or throttle levers, or with the acceler- 
ator control by hand or foot. See paragraph, 
‘““Wngine drive,”’ page 946. 


Operation of Pierce Engine Governor 


The governor valve box (Fig. 67) is mounted 
between the carburetor and the intake manifold, 
and is connected to the driving shaft by means of 
either a solid shaft (SSN) (Fig. 69) or a flexible shaft 
(SH) (Fig. 70), depending on the type of installation. 


Fig. 70. Cross-section of Pierce governor: (C) connects 
between flanges on the inlet manifold and carburetor; (Q1) is 
the passage opening for gas; (V) butterfly valve; (P) plunger 
operating the valve bell crank; (S) spring; (A) screw for adjust- 


ing the spring tension; (W) centrifugal weights; (SH) where 
driving shaft connects. 


Normally the butterfly valve (V) (Fig. 70) isin a 
position that does not obstruct the flow of gas, but 
it closes so as to reduce the valve port area just as 
soon as the vehicle or engine reaches the predeter- 
mined speed. The valve is actuated by what is 
known as the flyball or centrifugal principle. On 
the controller shaft are two weights (W) (Fig. 70) 
which are so pivoted that as the velocity of the shaft 
increases they are swung outward, forcing a plunger 
(P) (Fig. 70) forward, which in turn closes the but- 
terfly valve (V) (Fig. 70). The plunger is forced 
against a spring (S), calibrated to a standard 
pressure, so that as the speed 1s lessened the weights 


return to their original position and the valve is 
again wide open. 


Governor Drive Methods 


Engine governor drive controls the speed of the engine 
regardless of the speed of the car, and is the method usually 
employed. See ‘“‘Engine drive,’ page 946. 

Transmission governor drive controls the speed of the car by 
connection to the transmission (see page 946). When oper- 
ating on low or second gear, the speed of the ear will be so low 
that it will not affect the governor; when in high gear the car 
attains sufficient speed to cause the governor to act on the 
engine (seldom used). 


ia 2 
1 Pierce Engine Governor Co., Anderson, Ind. 
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PIERCE CLUTCH GOVERNOR 


Heretofore the name “governor” has always been 
associated with devices that automatically control 
the speed of engines, motors, or other power generat- 
ing mechanism. 4 


The new Pierce clutch governor performs an 
entirely different function. As the name indicates, 
it regulates the action of the clutch, and it does this 
in a manner that makes the clutch mechanism on 
passenger cars, motor trucks, and tractors prac- 
tically automatic. 


Inexperienced drivers usually have a lot of trouble 
operating the clutch. Watch them and you will 
notice that nearly every one engages the clutch too 
quickly. As a result, they either kill the engine 
or give the car a vicious jerk that wrenches the trans- 
mission and rear axle and causes the rear wheels to 
spin. Repeat this performance a few times and 
you have a noisy transmission or differential, badly 
worrtires, and perhaps a broken axle or torque shaft. 


What the clutch governor is: The Pierce clutch 
governor is in reality a specially designed dash pot 
(Fig. 71) about 2” in diameter and 6” long. The 
base is attached to a bracket (fastened either to 
the transmission case or to the frame of the car) and 
has a pivoted action. The other end connects to 
an extension on the bottom of the clutch pedal. 
Inside the dash pot is a fluid on which changes in 
temperature have practically no effect. 


As the clutch pedal is pressed down, the piston 
inside the cylinder rises with absolutely no resist- 
ance, since the fluid passes freely through the pop- 
pet valves in the piston head. When the pedal is 
released, the piston starts to travel downward and 
forces the fluid through a bypass. A screw adjust- 
ment is provided so that the passage of the fluid can 
be regulated to suit each type of clutch. 


The cylinder walls have a series of pockets, and 
the actual travel of the piston against resistance is 
only 3%” just before the clutch engages. 


Its effect on the clutch action: The Pierce clutch 
governor does what the most expert driver often 
neglects to do—it engages the clutch gently, without 
jerk or jar, and always just the same. 


Instructions for Installing 


The governor is not a part of the cluteh—nor can it improve 
or damage any make of clutch. It is merely to prevent abuse 
of the clutch—to prevent too sudden engaging through either 
carelessness, accident, or ignorance of the driver—and to 
avoid “killing” the motor, spinning the rear wheels, or wrench- 
ing the transmission and rear axle members when starting. 


Do not allow the connections at either top or bottom of the 
governor to become tight. If these bind when the clutch pedal 
moves forward or backward, the governor will not operate 
properly. 


Before starting to install the governor, take a screwdriver and 
entirely close the needle valve (D) shown in Fig. 71, When 
this is done, it is almost impossible to force the piston down by 
hand. Also loosen lock nut (B) just below the clevis (A). 


Adjustments 


After the Pierce clutch governor has been installed in accord- 
ance with previous instructions, see that it is carefully 
adjusted before anyone attempts to drive the ear. 


Having entirely closed the needle valve (D) (Fig. 71) as 
previously instructed, start the engine and let it idle at rather 
slow speed. It will be much easier if one man can sit in the 
seat to handle the car, engaging and disengaging the clutch, 
while another man adjusts the clutch governor, Disengage 
the clutch and place the gear shift in first s eed forward. 
As the clutch is engaged and disengaged, with the fingers turn 
the knurled dust cap (C) to right or left, adjusting it until the 
governor causes the clutch pedal to pause slightly, just for an 
instant before the. clutch takes hold and the car begins to move 
forward. Then tighten lock nut (B) firmly against clevis (A). 
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Fig. 72. Showing the governor piston rod connected to the 
lower clutch pedal or arm. The illustration shows the position 
of the piston as the clutch is engaging. This is where the 
strongest resistance is offered to the piston’s travel, causing it to 
pause a second just as the clutch engages, so there can be no 
tendency to ‘‘grab.’’ After the car has started, the clutch pedal 
travels slowly backward until it reaches normal position, and 
the piston is again as shown in Fig. 73. 


Fig. 72 


The clutch governor. 


Fig. 73 Fig. 74 
Fig. 73. Showing position of piston when clutch is engaged. 
Fig. 74. Showing position of piston when clutch is disen- 


gaged for changing gears. 


If the clutch engages too slowly for satisfactory operation on 
the road, the needle valve (D) may be opened about one-eighth 
turn. When proper adjustment is obtained, the governor will 
automatically start the car as quickly as possible without spin- 
ning the rear wheels on first speed f orward—operating the clutch 
under ideal conditions always. 


Do not attempt to change the position of the needle valve 
(D) until you are sure that proper adjustment cannot be ob- 
tained by lengthening or shortening the piston rod (turning 
knurled dust cap (C) backward or forward), as this will take care 
of 90 per cent of all adjustments necessary. 


Fluid inside governor: This is a special refrigerating oil on 
which extreme changes of temperature have practically no 


effect. Tests show no difference in operation at temperatures 
of 98° or 0°. 


Readjusting after service: Should the car at any time show a 
tendency to start too suddenly, or with a jerk, loosen the lock 
nut (B) below clevis (A) (Fig. 71) and with the fingers turn 
the knurled dust cap (C) to the left from one to three complete 


turns. _This will lengthen the piston rod and make the clutch 
slower in engaging. 


If the car is too slow in starting after the clutch pedal is 
released, reverse the adjustment, 


. Changing speed on hills: When properly adjusted, it is pos- 
sible to shift from high to lower speeds without any jerk, 
unnecessary strain, or loss of momentum. 


Without the clutch governor, if the driver is too slow in 
changing gears, the car will lose momentum and may even 
start to roll backward. The same will be true if the governor 
operates too slowly. _This can be instantly remedied by follow- 
ing instruction for ‘‘Readjusting after service,” 
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THE MONARCH GOVERNORS! 


The Monarch governor differs from the Pierce 
and Simplex, in that the speed of the ingoing gas is 
utilized as the motive power for operating the 
control member. 


There are no connections to any moving parts of 
the engine or vehicle, neither are there revolving 
parts, such as centrifugal weights or balls. 


The location of the governor is between the car- 
buretor and the inlet pipe. When installing, the 
adjustment is made when a change in the maximum 
speed of engine is desired. 


Monarch Governor (Model ‘‘G’’) 


Essentially it consists of the spring (1),.the rocker 
arm (2), the conoid (3), the butterfly (4), and cone 
(5). The spring is of the conventional compression 
type, and makes possible a wide range of governed 
engine speeds. 


Suitable adjustment is secured by removing the 
sap at the bottom of the spring housing and turning 
the slotted screw provided for this purpose. 


The rocker arm (2) is provided at either end with 
a, hardened ball-point bearing that oscillates in a 
hardened steel cup. (Fig. 75.) 


The conoid or governing member (3) in conjunction with 
cone (5) controls the governor action. Held normally in a 
wide-open position by the spring, the conoid is acted upon by 
the velocity of the explosive charge passing from the carburetor 
to the engine. The increase of velocity overcomes the resist- 


ance of the spring, and causes the conoid to rise in the tapered 


cone, closing the butterfly to which it is connected; thus the 


speed of the engine is controlled. 
Vt 


The short over-all length of the Monarch governor is 234 
in the one-inch size. 


1 Monarch Governor Co., Detroit, Mich. 


OJING RP. 
Vig. 76. 


Vig. 75. Monarch governor, model ‘‘G”’: 
rocker arm; (3) conoid; (4) butterfly valve; (5) cone; (6) to 
intake manifold of engine; (7) manual throttle control lever; 
(8) manual control lever clutch; (9) to carburetor; (10) bum- 
per spring. 


(1) spring; (2) 


The Monarch Governor (Model ‘*D’’) 


The location of the governor is between the cur- 
buretor and the inlet pipe. When installing, the 
adjustment is made when a change in the maximum 
speed of engine is desired. 


Operation: When the engine is started and the 
throttle 1s in wide-open position, the speed of the 
gases lifts the disk (A) in the tapered chamber (B) 
to a position the height of which is determined by 
the amount of spring tension, and it is held in that 
position by the speed of the gases while the engine 
is running. Thus the throttle (F) is held in a cor- 
responding position, limiting the supply of gas. 

Anything which tends to decrease the speed of the 
engine, namely, going up hill, through a mud-hole, 
or an additional load, in turn causes a decrease in the 


eee 
G Q 


Monarch model ‘‘D”’ governor. 
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speed of the engine and a consequent decrease in the 
speed of the gases. In such a case, the disk drops 
immediately and opens the throttle to admit a 
sufficient amount of gas to maintain the speed at 
which the adjustment was made before the addi- 
tional load was added. The same is also true when 
the engine is instantly relieved of its load; the 
speed of the gases increases and raises the disk to 
the position required to maintain its fixed maximum. 
It is therefore evident that, with an adjustment of 


spring tension made to produce a certain engin 
speed, that speed will be maintained regardless o 


load. 
Adjustment 


To adjust the governor to produce any required engine speed 
remove the lock and lock pin, unscrew the cover (V), push in o1 
the finger boss on the spring housing (L), and turn in the direc 
tion indicated by-the arrows ‘‘Fast” and ‘‘Slow”’ to increase 0 
decrease the speed, always being sure that the control lever i 
in a wide-open position when the adjustment 1s made; and bi 
sure that the cover (V), the lock pin, and the lock are in plac 
before the truck is put in service. 


TRUCK DRIVE CHAINS 


Chains in general use for the drive system of a 
chain-driven truck are the roller type of chain. 

Roller chains are divided in two types: the 
riveted type, and the detachable, or cotter-pin, type. 

The riveted type is used where there is no occasion 
to take it apart frequently. 

The detachable or cotter-pin type of roller chain 
is more generally used because of the ease with 
which such chains can be separated at each link for 
the purpose of repair (see Fig. 77). 


Fig. 77. The Baldwin roller chain of the detachable cotter- 


pin type. 


In the detachable or cotter-pin type the side 
links are riveted to the studs on only one side of the 
chain, while on the other side the links are pressed 
moderately hard over the studs and are retained by 
cotter pins, as shown in Fig. 77. 


Fig. 78 Fig. 79 
Fig. 78. Connecting link. 
Fig. 79. Offset connecting link. 


These are also termed ‘‘master links.” 


The parts of the roller chain of the detachable 
cotter-pin type are as follows: 

A roller is the round part between the link plates and is that 
part which rolls between the teeth of the sprocket. 


_A bushing is the part inside of the roller through which the 
pins are inserted. 


A pin-link plate is the plate on each side of the roller. 


A pin is the part which passes through the bushings in the 
rollers and in which the cotter pins are inserted at one end. 


_ A pin-link cap is the same as a pin-link plate, except that it 
is the plate on the side where the cotter pins are next to it. 


A connecting link is shown in Fig. 78. It is used to discon- 
nect, add to, or take out two pitches or two rollers. 


_An offset connecting link is shown in Fig. 79. It is used to 
disconnect, add to, or take out one pitch, or one roller. 


Pitch is the distance from center to center of the 
rivets of roller chains and from center to center of 
the alternate rivets on the block chains (the block 
chain is not shown; with this type a block is used 
instead of a roller). 


_ Width is the actual distance between the two 
inside plates, or the nominal width of roller. 


Diameter of the roller is the roller’s actual diam 
eter. 

Thus, when ordering chains, the three dimension: 
just mentioned are always given. 


The sizes of roller chains are usually given in twe 
ways: the manufacturer’s standard, and the Bald 
win standard, as tabulated in the list below. 


Manufacturers’ Standard Roller Chains 


Cuan No. 


ROLLER 

i Weight 

Chain - scan cee ke 

Pitch Pins Strength} Foot 

Inch Lbs. 
we 294 
-564 
1.00 
12,500 1.89 
20,000 2.97 

eS S| BS Se —— | 


25,000 | 


1ton; pitch 1”; di. 9/16 or 54”; width 3 to 84”. 
2 ton; pitch 114”; di. 3 or 34” 3; width 4to 4%”. 
3 ton; pitch 134”; di. 1”; width 3% to 1”. 
5 ton; pitch 2”; di. 114”; width % to 114”. 


Note. The symbol “‘di.’’ refers to the diameter of the rolle: 
and “‘width”’ refers to the width of the roller. 


To remove a chain, the master link cotter pi 
(sometimes a wire clip) is removed and the maste 
or connecting link is withdrawn. 


The detachable chain can be lengthened c 
shortened with ease, whereas with the riveted chai 
the task is not so easy—a special tool must be usec 


Care of Drive Chains 


_ If chains could be protected from dust and be ru 
in an oil bath, they would last much longer, but n 
method of doing this has yet been successfull 
devised. A case or housing cannot be fitted aroun 
the chain, because the construction would also re 
quire 1t to contain the brakes as well as the sprocke 
and it would also be necessary to surround the axl 


When a chain becomes too slack, the chain an 
sprocket are bound to suffer in consequence. 


When a chain is worn, an uneven or jerkin 
motion is imparted to the drive system when slowin 
down, coasting, and suddenly picking up speed, et: 


Therefore a chain should be well lubricated and key 
adjusted. 
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Cleaning and Lubricating Drive Chains 


Tallow gives a chain the best protection against 
dust and grit. It is melted, and the chain (after 
being cleaned by soaking in kerosene) is laid in the 
liquid tallow. Then hang it up to dry, and later 
wipe off the surplus grease (see also Index under 
“Cleaning chains.” 


The teeth of the sprockets when worn, may be 
remedied in some instances by reversing. 


A new chain will stretch—a link should be 
removed after it is well set. The rivets are cut 
with a chisel. Master links should be carried. 


Adjusting chain tension: Slight play is necessary, 
but equal slack should be in each chain. A chain 
should be loose enough to run easily, without climb- 
ing the sprocket tooth. Adjustment is usually 
made by the radius rod, or by large adjusting screws 
provided for the purpose. 


The enlarged section in the middle portion of the 
radius rod is an elongated nut, which is tapped with 
both right and left-hand threads. The rods have 
threads cut on them to correspond. Turning the 
nut in one direction lengthens the rod, and turning 
it in the opposite direction shortens it. The 
principle is identically the same as in a turn buckle. 
This, however, is a much stronger construction. 


Chain manufacturers are Baldwin Chain and Mfg. Co., 
Worcester, Mass.; Whitney Mfg. Co., Hartford, Conn.; 
Diamond Chain Co., Indianapolis, Ind. 


Miscellaneous 


Springs: Inasmuch as the springs of a truck are subjected 
to considerable strain, they should be kept in good condition. 
A method usually employed is to raise the frame of the car with 
a jack, as shown in Fig. 80, which causes the leaves of spring 
to separate. Graphite is then inserted between the leaves and 
is wiped dry after removing the jacks. The spring-clip nuts 
should be tight. 


When replacing the gearbox on trucks having separate jack- 
shaft brackets (as in the chain-drive Mack), it is advisable to 
test the jackshaft and gearbox alignment (Fig. 81). 
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Fig. 80 Fig. 81 


To do this, cut two disks of 1/64” galvanized iron to fit the 
outer bores of the jackshaft brackets, and drill a small hole 
through the center of each. These disks are placed in the 
outer bores of each bracket, and a fine thread is passed through 
the drilled holes and the gearbox in the manner illustrated. 
Measurements from the outside of the bearings to the thread 
show when the alignment is perfect. 


Fig. 82 


To assist in removing heavy truck wheels, a simple skid can 
be made (Fig. 82) by placing a 2” board on top of a series of 
rollers made of old shafting or heavy pipe. Chocks are fastened 
to the board to prevent the wheel rolling. 


Fig. 83. Removing stubborn truck wheels. 


To remove wheels: from a truck axle when stuck or rusted 
on, see Fig. 83 


DUMP BODY AND HOIST 


A dump body is used for hauling coal, sand, gravel, 
etc. The body is made to fit on a hinge at the rear 
of the chassis, as shown in Fig. 84. A hydraulic 
hoist, which derives its power from the engine raises 


Fig. 84. Dump body with hydraulic hoist. 


the front end of the body. The operator can raise 
the body and dump its contents in about thirty 
seconds. Hoists which can be operated by hand 
are also in use. 

The principle of operation of the hydraulic hoist is 
shown in Fig. 85. It is essentially identical in 
principle of construction with that of a hydraulic 
elevator. 

To raise the body: An oil pump (gear type) at the 
base of the cylinder (H) draws oil from the top of the 
cylinder at (1) and forces it into the lower part at (2). 
raising the piston, which in turn raises the rod (R) 
to which is attached grooved pulleys, in which 


grooves the cables (C) are placed. One end of the 
cable is attached to a stationary rod (U), and the 
other end to the body. As the rod (R) is raised, 
the body is also raised. 


Fig. 85. Diagiat of hydraulic hoist. 
To hold the body at any desired angle: The oil 
pump is shut off and the valve closed. 


To lower body: The drive of the oil pump is shut 
off and the valve (by-pass valve) is opened by a 
lever (E). The weight of the body forces the piston 
down, driving the oil back to the upper part of the 
cylinder. The oil pump is driven from the gears In 
the transmission by a special and separate arrange- 
ment whereby the car is not driven when in opera- 
tion. The cylinder is usually filled within 16” of 
the top with ice machine oil. . 
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WINCH EQUIPMENT 


A winch (Fig. 86) is a drum located under the rear 
end of the frame, supplied with 200 or more feet of 
54” cable, for unloading and loading heavy material 
and for various other purposes. 


The power for driving the winch (on the F. W. D. 
truck) is taken from gears in the transmission (T) 
through (D), which is equipped with a separate 
clutch to a “power take-off” drive shaft to the gears 
in housing (V), which connects to the winch through 
a spur gear (G). 


The winch is controlled by means of the clutch 
foot pedal, after the clutch in (D) has been engaged. 


The winch may be operated while the truck is eithe 
standing still or in motion, but not when the trans 
mission is on high speed. Diameter of the winel 
drum, 734”; length, 2234’; total gear reductior 
to winch, 33.2:1. 


E r 2 _gpower take off’ drive shaft. __. 


TRAILERS 


Trailers are attached to the rear of cars, and are 
now extensively used. They are particularly desir- 
able where goods of relatively light weight and great 
bulk have to be carried; also where the hauls are 
short and the time required for loading is great. In 
the latter case, the truck is equipped with two or 
more trailers, so that one trailer can be hauled while 
the others are being loaded and unloaded. The 
trailer can be adapted to many uses. 


for Dairymen Us a! 
Camp Outfit 


Purposes 
jase: 


Retailand Wholesale Plumbers and Painters Pianos and Furniture 
Vig. 87 


There are three general designs, as follows: The 
four-wheel trailer has a large possible field of utility 
und can be used in practically any service, for 


instance, the freight and baggage, by dairymen 
contractors, for live stock, pianos, and furniture 
by plumbers and painters, for farm products, and fo 
camp outfits. 

The two-wheel trailer has the load balanced on 14 
axle. 

The semi-trailer also uses two wheels, but th 
load is not balanced over its axle; rather, the fron 
end of the load rests on the tractor vehicle. 


“Prailer Attachment i= 


Fig. 89 


Trailer attachments: 
attached to the rear of a car by means of a piece 0 
angle iron (A) which is attached to springs (S) 
This is not recommended, as the strain is too grea 


Fig. 88 shows a traile 


on the springs. 
are better. 


Fig. 89 shows two methods whic} 
(C) is one type of coupling. 
Addresses of some of the trailer manufacturer 
are: Highway Trailer Corp., Edgerton, Wis.; Kin; 
Trailer Co., 741 Main St., Ann Arbor, Mich.; Lapee 
Trailer Corp., Fair St., Lapeer, Mich.; Lee Traile 
and Body Co., 2343S. La Salle St., Chicago, Ml. 


INSTRUCTIONS FOR CARE AND ADJUSTMENT OF TIMKEN-DETROIT TRUCK AXLE! 


Care of Truck Wheel Bearings 


In ordinary truck service, wheel bearings should 
be removed, cleaned, and readjusted at least four 
times a year. If the service is unusually severe, it 
is advisable to inspect the condition of the lubricant 
and the adjustment of the bearings every two 
months. 


To Remove, Clean, and Readjust Front Wheel 
Bearings 


First of all, remove the hub cap; then put a jack 
under the front axle, and raise the wheel clear of the 
floor. Wipe the grease from the end of the spindle, 
and with your pliers remove the cotter pin from in 
front of the outer lock nut. Take off the outer 
lock nut with a wrench; a thin lock washer comes 
off next; then take off the inner lock nut. 


Now kneel directly in front of the wheel. Grasp 
the rim with both hands and pull directly toward 
you, being careful not to let the outer bearing slip 
from the hub and fall to the floor, as this may bend 
or damage the cage so that the bearing will not. 


render perfect service when replaced. The oute 
bearing having been removed, lift the wheel off th 
spindle, exposing the inner bearing. 

Now, with a stiff brush and gasoline or kerosene 
clean all old grease from both the inner bearing 
and the inside of the hub. It is not necessary t 
remove the inner bearing from the spindle in order t 
do this, although it may be removed if desired. I 
is a good idea occasionally to remove both bearings 
placing them in a pan containing a mixture of wash 
ing soda and hot water, allowing the water to com 
to a boil, thus cleaning off any grease from behins 
the rollers that the brush and gasoline may hay 
failed to remove. 


The bearings having been thoroughly cleaned an 
dried, replace the largest, or inner, bearing on th 
spindle, covering it thoroughly with good, clea 
grease, that is, free from acid, grit, or any soli 
matter. Care should be taken to have no grit o 
dirt on the paddle. 


The inside of the hub should be thoroughl 
cleaned, and the space between the two bearin 
cups should be repacked with clean grease. 
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Fig. 90. 


Now replace the wheel, and, holding it firmly in 
position, slide the smaller or outer bearing on the 
spindle, pressing it firmly into the hub. Next screw 
on the adjusting nut, turning it up tight against the 
outer bearing so that the wheel binds, at the same 
time revolving the wheel to be sure that all working 
surfaces come into contact. Then back off the 
adjusting nut enough to allow the wheel to rotate 
freely—but without noticeable end play. Test the 
adjustment by taking a short bar, placing the end of 
it between the tire and the floor, at the same time 
holding one finger on the cage of the outer bearing. 
Now work the bar up and down so that you can 
detect any excessive play or looseness. When you 
can feel a barely perceptible shake and the wheel 
will oscillate when given a slight spin, your adjust- 
ment is right. If there is too much looseness in 
the bearings, tighten up on the lock nut. If, on 
the other hand, the lock nut is set too tight to allow 
the wheel to oscillate, loosen it about a quarter 
turn. 


Now replace the keyed washer which goes 
between the two lock nuts and which prevents the 
inner nut from turning. Replace the outer lock nut, 
and screw it up tight; also replace the cotter pin in 


Timken truck type of front axle with a plain steering knuckle bearing 


the end of the spindle to prevent the outer nut work- 
ing loose. 


Again test the adjustment with a bar as before, 
because, in using a heavy wrench to tighten the 
outer lock nut, it is sometimes possible to jam this 
nut so tightly against the inner nut as to destroy 
the adjustment. By taking the extra precaution to 
test the adjustment before replacing the hub cap, 
you can always be sure that your bearings will render 
perfect service. Now cover the end of the spindle 
and the lock nuts with grease, and put on the hub 
can, tightening it securely. 


To Adjust Bearings in Steering-Iknuckic Heads 


To adjust the steering-kuckie bearing when a 
Timken roller bearing is used at this point, simply 
tighten up on the nut on the bottom of the knuckle 
pin after the cotter pin has been removed (Fig. 91). 
This forces the bushing in the lower yoke of the I- 
beam up against the steering spindle, which in turn 
foreés the bearing up into the cup for a proper seat. 


Do not fail to lubricate this bearing thoroughly 
with good quality cup grease through the cup pro- 
vided on the top of the knuckle pin. 


STEERING KNUCKLE 
OR — STEERING KNUCKLE PIN 
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Fig, 91, Timken truck type front axle with a steering knuckle roller bearing. 
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To Adjust Rear Wheel Bearings—Full 
Floating Type 


Remove the cap screws around the axle-shaft 

_ drive plate (Fig. 92), and pull out the axle shaft. 
Put a jack under the housing, raise the wheel off 
the floor, and wipe the grease from the end of the 
housing tube and the lock nuts. Take off the outer 
lock nut; then remove the thin lock washer and the 
inner lock nut. As the wheel is too heavy to be 
easily lifted off the tube, the following method can 
be used to remove it. Take a short piece of board 
and cover the upper surface with grease; slide this 
under the wheel, and then lower the jack several 
notches until the wheel rests lightly on the board. 
Remove the outer bearing, being careful not to 
allow it to fall on the floor which may bend or other- 
wise damage the cage. The wheel can now be eased 
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Fig. 92. 


off on the greased surface of the board and rolled 
to one side. 


To clean parts: See page 864. 

To lubricate wheel bearings: see page 864. 
Replacing the wheel: See page 864. 

Bearing adjustment: See page 864. 


Test the adjustment by taking a bar, placing the 
end of it between the tire and the floor, at the same 
time holding one finger on the cage of the outer 
bearing. Now work the bar up and down so that 
you can detect any excessive play or looseness. 
When you can feel a barely perceptible shake and 
the wheel will oscillate freely, your adjustment is 
correct. 


Now replace the lock washer and outer lock nut, 
screwing the nut up tight. Before replacing the 
drive shaft test the adjustment again with a bar as 
before, because in using a heavy wrench to tighten 
the outer lock nut it is sometimes possible to jam 
the nut so tightly against the inner nut as to de- 
stroy the adjustment. By taking the extra precau- 
tion to test the adjustment before replacing the 
drive shaft and plate, you can always be sure that 
your bearings will render perfect service. 


oe 


» 
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Now cover the end of the axle tube and the lock 
nuts with grease and replace the drive shaft, being 
careful to tighten up the cap screws in the plate 
securely. 


To Adjust Rear-Wheel Bearing—Fixed-Hub 
Semi-Floating Type 


On this model of axle the rear wheel is keyed to 
the axle shaft. The bearing cone is pressed on the 
shaft, and the cup is mounted in an adjusting ring 
which is screwed into the axle housing. 


Adjustment of bearings is made by turning this 
ring. These bearings should be cleaned and 
repacked with grease once a year. 


To clean or adjust the wheel bearing, remove the 
wheel from the shaft, using a wheel puller if neces- 
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Timken full-floating type of truck axle. 


sary. Next release the lock (Fig. 93), which pre- 
vents the bearing adjusting ring from turning, and 
with a flat tool unscrew this ring from the housing. 


The axle shaft, carrying with it the bearing cone 
and rollers, can now be pulled out of the housing. 


To clean bearings: See page 863. 
To lubricate bearings: See page 863. 
Adjusting bearings: See page 864. 


To Adjust Differential Bearings 


Differential bearings are lubricated by the oil in 
the axle housing. They require no attention in 
connection with lubrication beyond keeping the 
correct amount of the proper lubricant in the hous- 
ing and seeing that the oil grooves are kept clean. 


_ in adjusting the differential bearing, a combina- 
tion adjustment is necessary (Fig. 93). First, all 
play must be taken out of the bearings by screwing 
up the adjusting rings on both sides of the differen. 
tial, and second, the worm and worm wheel must be 
set in proper alignment by adjusting the differential 
bearings on both sides, end for end, moving the dif- 
ferential and worm wheel to one side or the other, 
as required for correct alignment. 
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All ordinary adjustment of these bearings should 
be made on the left-hand bearing (standing at the 
rear and facing toward the front of the truck); never 
disturb the right-hand bearing except when it is 
necessary to take down the entire differential 
assembly. By making the adjustments on the left 
bearing only, the alignment of the worm and wheel 
will not be destroyed. 


To adjust the bearings (Fig. 93), the differential 
carrier must be removed from the housing; take out 
both drive shafts, remove the cap screws holding the 
carrier to the housing, and, having disconnected the 
propeller shaft, lift out the entire carrier assembly. 
In most cases it will be necessary to remove the axle 
from the chassis before the carrier can be pulled out. 
Now release the lock on the left-hand adjusting ring 
and tighten up the bearings by screwing in this ring 
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the ring should be backed off is shown in the fol- 
lowing table: 


Size of Axle Play in Inches Number of Notches 


34-11% ton 011”-.015" 3 
2° -31 ton :016’-.020/ 4 
5 ton .020’" 4 


Lock the adjusting ring in this position with the 
locking finger and replace the packing gland on 
the shaft, tightening up on it sufficiently to prevent 
oil leaking out at this point. 


On the older type of axles (6456—1 14-ton, 6552— 
214-ton, and 6652—314-ton), it is necessary, after 
backing off the cage, to see that the bearing cup is 
properly seated in the cage. This can be done by 
driving on the rear end of the worm shaft or by 
starting the truck up slowly in low gear. 
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Fig. 93. Timken semi-floating or fixed-hub type of truck axle. 


with a flat tool until all end play or shake in the 
differential housing has been removed. Having 
obtained a good tight. adjustment, unscrew the ring 
one notch, and lock in this position with the locking 
finger. 


If the alignment of the worm and wheel is not 
correct, unscrew one ring, at the same time tightening 
up on the other the same number of notches until 
the center of the worm wheel is directly under the 
center of the worm. Check up again for end play, 
to be sure that the adjustment is all right. The 
carrier assembly may now be replaced, the drive 
shafts put in, and the axle reassembled under the 
truck. In replacing the carrier assembly, be sure 
to tighten up well on the cap screws holding the 
carrier to the housing. 


To Adjust Worm-Shaft Bearings 


To adjust the worm-shaft bearings (Fig. 94), first 
remove the packing gland from the carrier to avoid 
binding on the shaft and to allow free movement 
of the shaft. Next remove the lock from the slot, 
and, with a flat tool, screw in the forward bearing 
adjusting ring until the shaft binds. Now unscrew 
the ring several notches to allow end play, so that 
the shaft can expand when it becomes heated under 
running conditions. The exact extent to which 
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Fig, 94. Worm-shaft bearings. 
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On the old type of 5-ton axle (6752), where the 
worm-shaft bearings are set the other way, no end 
play to take care of expansion is necessary. On 
this axle the adjustment of bearings is made at 
the rear of the shaft. 


Worm Shafi Bearings and Mounting 


The Timken roller bearings, as used on the worm 
shafts shown in Fig. 94, page 955, are mounted by 
what is termed a ‘“‘direct mounting” of the worm 
shaft, meaning that the thrust at the forward 
operation is taken on the rear worm bearing. 


Owing to the fact that the worm shaft heats 


faster than the differential housing during service, 
the worm shaft will expand, and provision should 


TO COMPUTE THE GEAR 
The gear ratio of a worm drive is dependent on 
two factors, namely, the number of teeth on the 
worm gear and the number of threads on the worm. 
Explanation of One-Thread Worm 
Wxamine the worm shown in Fig. 95. 
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Fig. 95. 
Fig. 96. 


A one-thread worm. 


A two-thread worm. 


Commencing at the point (A), let us trace the 
thread once around the worm. We will pass from 
(A) to point (B), then to point (C), then passing 
around the other side of the worm, we shall come to 
point (D). 


It will be noticed that by passing around the 
worm once, we have advanced the distance of one 
thread. In other words, there is one continuous 
thread cut on the worm. 


This being the case, we see that during one 
revolution of the worm the gear tooth (1) (Fig. 95) 
will advance to the position of gear tooth (, 
Therefore in a one-thread worm, one revolution of 
the worm causes the worm gear to advance the 
distance of one tooth. 


If there are 30 teeth in the worm gear, it will 
require 30 revolutions of the worm to cause one 
revolution of the worm gear. Consequently the 
gear ratio would be 30 to 1. 


Conclusion: In a one-thread worm, the gear 
ratio equals the number of teeth on the worm 
gear. 
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be made for a certain amount of initial looseness 
in the adjustment. 

The direct mounting is used on trucks up to 314- 
ton capacity, and on trucks ranging from 1 to 3 19- 
ton capacity, this looseness should be from .011 
to ,020’’, according to the size of the worm. 


Refer to Fig. 94, and note that a thrust to the 
rear would be absorbed by the rear roller bearing. 


On “indirect” worm-shaft bearing mounting the 
thrust at the forward operation is on the front bear- 
ing instead of on the rear bearing, meaning that 
the thrust to the rear’is absorbed by the front 
roller bearing, because the tapers of the rollers are 
in the opposite direction to that shown in Fig. 94. 


The initial looseness in adjustment should be 
.010”. 


RATIO OF A WORM DRIVE 


Explanation of Two-Thread Worm 
Examine the worm shown in Fig. 96. 


Commencing at the point (A) let us trace the 
thread once around the worm. We will pass from 
(A) to point (B), from (B) to point (C), then passing 
around the other side of the worm, we shall come to 
point (D). 


It will be noticed that by passing around the 
worm once, we have advanced the distance of two 
threads. Note that in going from (A) to (D), we 
did not touch point (E). This is because the point 
(E) is on a separate thread. So we see that there 
are two separate and distinct threads cut on the 
worm. ‘This is known as a two-thread worm. 


Examination of Fig. 96 will show that during 
one revolution of the worm, the gear tooth (1) will 
advance to the position of gear tooth (3). There- 
fore in a two-thread worm, one revolution of the 
worm causes the worm gear to advance the distance 
of two teeth. 


If there are 30 teeth in the worm gear, it will 
require 30+2=15 revolutions of the worm to cause 
one revolution of the worm gear. Consequently 
the gear ratio would be 15 to 1. 


Conclusion: In a two-thread worm, the gear 
ratio equals the number of teeth on the worm gear 
divided by 2. 


General Rule for Determining Gear Ratio 
of Worm Drive 


In the same way, a three-thread worm causes the 
worm gear to advance 3 teeth during one revolution 
of the worm: a four-thread worm causes a 4-tooth 
advance during one revolution, etc. 


Therefore we come to the conclusion that the 
gear ratio of a worm drive is equal to the number 
of teeth on the worm gear divided by the number of 
separate threads cut on the worm. 


Example: In the rear axle of a truck, there are 
29 teeth on the worm gear and 4 separate threads 
cut on the worm. What is the gear ratio? 


Ans. 29+-4=7.25 


Trucks are generally equipped with worms of 
4, 5, or 6 separate threads cut upon them. The 
G.M.C. on the 2-ton truck, uses four separate 
threads; the Ford standard has four threads also; 
the Ford special high-speed truck has six threads. 


—_— ——— | 
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BRAKE ADJUSTMENT AND LUBRICATION OF TIMKEN TRUCK REAR AXLES 


Brake Adjustment (Timken Truck Axle) 


To tighten up the brakes, first take up on the 
brake rods. After all the adjustment possible has 
been made in the brake rods, take off the nut, lock 
washer, and clamp bolt which clamps the brake 


BRAKE CAM SHAFT 


Lubrication of Timken Rear Axles 


_ Proper lubrication of all points is of the greatest 
importance. Experience shows that nine-tenths 
of the troubles of Timken axles can be traced directly 
to lack of lubrication. 


BRAKE CAM SHAFT BRACKET- 
BRAKE CAM SHAFT LEVER-REAR 


BRAKE ORUM 


BRAKE CAM SHAFT LEVER-F RONT- 


Fig. 97. Showing the location of the brakes on the rear axle and parts of the brake mechanism. 


levers on the axle to the brake cam shaft. Lengthen 
out the brake rods again, and move the lever back 
two or more serrations on the cam shaft and clamp 
into place with the clamp bolt. Now make a 
final adjustment of the brakes by means of the 
adjustment on the brake rods. All possible or 
necessary adjustment can be made in this way 
up to the point where the brake shoes require 
relining. 


BRAKE CAM 
BRAKE SHOE-SINGLE LEG 
BRAKE SHOE -DOUBLE LEG 
BRAKE ANCHOR PIN 


Fig. 98. View of the brake and internal construction 
of the Timken duplex internal expanding brakes. _ There are 
four friction fabric lined shoes, so located that the pair of brakes 
takes up no more room than the ordinary single-shoe type. 
Note that the internal brake shoes are actuated by a cam. 


Examine the wheel bearings in the hub about every 5,000 
miles and see if they are properly adjusted and lubricated. 
To lubricate wheel bearings, fill the hub full with a light grease, 
free from acid and grit. 


To lubricate the worm and worm gearing (Fig. 99): Remove 
the filler cap and pour in oil until level with the opening. 
Examine the condition and amount of oil weekly. If it con- 
tains grit or is so thick that it will not circulate, drain the 
housing by unscrewing the plug at the bottom. Run kerosene 
through to cleanse, then refill with oil. 


The worm wheel revolving in the oil carries it to the upper 
part of the housing (Fig. 100). The worm asit revolves throws 
the oil to the sides, where it is caught by troughs, as shown 
by arrows in Fig. 100. The oil runs by gravity to the front and 
rear of the housing, and is drawn through the bearings by 
their pumping action, and from there flows back to the start- 
ing point. 


Fig. 99. Showing oil level in Timken worm-drive truck 
rear axle. 


Once every month remove the axle-housing plate and clean 
out the oil ducts with a wire. Although the housing is dirt 
proof, the oil may become so thick that it will not circulate. 
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Fig. 100. 


Showing oil path, as explained in text above. 


When replacing the housing plate, coat the washer on it with 
shellac and tighten all bolts. 


Occasionally an axle will leak oil at the forward end of 
the worm shaft. If this happens, draw up on the packing gland 
(Fig. 94, page 955). 


Oil to use: Do not use oil which will clog the oil passages. 
Use only high-grade oil, free from acid and grit, and that will 
stand a cold test of zero or below. Light steam cylinder oil is 
recommended. Do not mix graphite or other solid matter with 
the oil. 


Cautions 


The same cautions mentioned on page 865 relative to Tim- 
ken passenger-car wheel bearings apply to the truck wheel 
bearings also. 


SHELDON HEAVY-DUTY TRUCK AXLES 


Front Wheels 


' To mount front-wheel bearings—taper roller (Fig. 

101): (1) insert bearing (A) in the hub and press 
against shoulder (C); (2) screw retainer (G) in place 
and lock with screw (H); (3) insert bearing (B) and 
press against shoulder (D): (4) mount the hub on 
the spindle (J), and tighten nut (E) against the 
shoulder of axle (K); (5) there should not be more 
than 1/1,000 “clearance between nut (E) and bearing 
(B). To secure this fit, the hub should be so that 
it cannot slide back and forth. There should be no 
endwise movement of the spindle, but the bearings 
should not be bound, and the hub should move 
freely. The shoulder on nut (E) could be filed down 
if the hub does not fit freely. If the wheel revolves 
freely, you know that the adjustment is properly 
made. If not, try another nut, having shoulder 
(K) more full. 
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Fig. 101. 


Sheldon front-wheel bearings. 


Care must be taken that the inner bearing seat is 
tight against the collar on the spindle. Test by 
moving the wheel from side to side. 


Wheel alignment: To test; jack both front wheels 
up;, with a piece of chalk held in a fixed position 
against the tires, spin the wheels, drawing a line 
around the tire. The distance between the lines 
measured at the front of the wheel should be from 
38’ to 19” less than in the rear. 


To “take in” or “let out” on wheel alignment: 
Loosen the clevis jam nuts on the end of the cross- 
rod (Fig. 102). Remove the pins; screw the clevis 
either in or out, as needed. If the steering knuckle 
is bent, or if the steering arm is bent, replace it. If 
the cross-rod is bent, straighten it before realigning 
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Sheldon front axle. 


Fig. 102. 


the wheels. The front wheels are “‘cambered,”’ so 
they are a little closer together at the bottom than 
at the top. 


1L OR GREASE DAIL 


FILLER SPOUT 
Fig. 103 Sheldon rear axle. 


Rear Axle 


The rear axle is of the semi-floating type. The 
axle is mounted throughout on ball bearings except 
that straight roller bearings on the wheels are some- 
times provided. Lubrication of the worm gears 
is very important. To put oil into the housing (see 


iN a La 


Fig. 104, 


Sheldon worm drive. 


Figs. 103 and 104), unscrew the filler cap and pour 
oil in until it overflows. When new, it may be 
necessary to add oil every two or three weeks, if the 
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oil level goes down. Drain the old oil out every 
5,000 miles, and flush out with gasoline and thor- 
oughly clean. Heavy oil, such as 600W (steam 
cylinder oil), is best for worm-gear lubrication. 


Removing Rear Wheels 


To remove the rear wheels, a wheel puller (Fig. 
106) is provided. Jack up the axle, unscrew cap 
screw (A), remove hub cap (B), remove drive-shaft 
nut (C), press out disk (D), replace hub cap (B), 
insert set screw (E), and jam it against drive shaft 
(F), tap back of wheel (G). 
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Fig. 105. Rear wheel on Sheldon axle. 

Do not attempt to pull the wheel off by simply 
tightening up on the set screw. Be sure to tap 
against the rim of the wheel on the inside, after you 


jam the set screw against the shaft, otherwise you 
are liable to strip the threads. 


Rear wheel puller. 


Fig. 106. 


Replacing Rear Wheel 


In replacing the wheel on the shaft, put the key 
in position in the key way, then place the hub over 
the shaft with the key way in the hub in line with 
the key on the axle shaft. You may not be able to 
get the nut (which jams the key) screwed in far 
enough at first, because the hub will not be far 
enough up on the shaft. Do not attempt to draw 
the hub up with the key jam-nut alone, but drive 
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the wheel on and take up with the nut as the hub 
creeps on the shaft. When the hub is well up in 
position, take off the outer nut, jam the key tight 
against the bearing with the jam-nut, and then 
place the outer nut back in position before putting 
on the hub cap. 


Fig. 107. Removing Sheldon worm and worm-wheel carrier. 


Removing Worm and Worm-Wheel Carrier 


These come out as a unit complete with the worm 
gear, differential, etc. (Fig. 107). Before lifting out 
the carrier, the axle shaft must first be removed and 
the carrier (CH) unbolted from the axle housing. 


Procedure: Jack up the wheels and remove; 
take off the wheel-bearing retainers by unbolting 
them from the brake spiders (Fig. 108); pull out the 
axle shafts, remove the nuts which fasten the carrier 
to the axle housing marked “remove” (Fig. 109). 
These nuts are all near the outside edge. Do not 
disturb any of the other nuts, as they have nothing 
to do with the carrier removal. Fit an eye bolt 
(any blacksmith can make it) into the hole in the 
top of the carrier (Fig. 109), and lift out the carrier 
with a chain hoist by means of this bolt. If the 
entire axle lifts up with the carrier, bump the hous- 
ing lightly on each side of the carrier with a heavy 
bar at the points marked by black squares (Fig. 109), 
applying force downward. Do not use a small 
hammer or hit too hard. 


A top view of the carrier and housing is shown in 
Fig. 109. 


Fig. 109 


Fig. 108 


Do not destroy the gasket by driving a chisel 
between the carrier and the housing. 


On W-30 and W-50 axles, used on 38 and 5-ton 
trucks, there is a thrust bearing on each side of the 
differential, as shown in Fig. 110. Be careful that 
they do not fall into the housmg when the carrier 
is lifted out. They can be held in place by reaching 
the hand in the axle tubes and smearing them with 
heavy grease, while the carrier is being lifted out. 
It is important that the right-hand bearing be 
reassembled on the right-hand side, and the left- 
hand bearing on the left-hand side. Do not inter- 


change. 
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Pig. 110. Differential bearings on Sheldon rear axle. 
Fig. 111.- Brake adjusting sector on Sheldon rear axle. 


Reassembling Worm and Worm-Wheel Carrier 


Reassembling: Remove the drain plug and wash 
out the carrier and housing with gasoline, and clean 
thoroughly. See that all parts are clean. See that 
the gasket between the carrier and housing is in 
perfect condition. Set the carrier back in place. 


On W-30 and W-50 axles put the thrust bearings 
on the same side from which they were removed. 
On these axles they must be put in place before ‘the 
carrier 1s dropped in, and must be held until the car- 
rier gets down far enough to keep them in their 
proper position. This can be done by smearing 
with heavy grease, as before mentioned. Bend a 
short hook of 14” iron, insert the hand holding the 
hook in the axle tube, and hook it over the bearings 
at the bottom, at point (X) (Fig. 110), applying 
sufficient pressure, pulling towards you, to keep the 
bearings from falling out. 


Bolt the carrier in place. Put the axle shafts in 
place, making sure that the “hex” part of the shaft 
1s shoved well back in the hex part of the differential 
case. 


Replace the wheel bearings, first washing them 
with gasoline. Pack the bearings, and also the 


DYKE’S INSTRUCTION No. 76 


brake spider, with grease. The grease will then 
work into and through the bearings when shoved 
back in place. 


Put on the wheel-bearing retainers, and draw up 
tight. 

Replace the wheels, being sure that the key that 
fastens the hub to the axle shaft is driven up well. 


Refill the housing with oil, and then run the axle 
by hand by twisting on the front end of the worm 
shaft, to make sure that it is in good condition, 
before attaching the universal joint. 


Sheldon Brakes 


The foot brake is the regular service brake. The 
hand brake is the emergency and for use when it is 
desired to set brakes while the car is standing still. 
Both brakes on Sheldon axles are of the internal 
type. On the small axles they are of the cam type, 
and on the larger sizes of the “wrap-up” type. In 
this latter type the brake action gradually increases 
automatically. 


Adjustment: Equal adjustment is essential. 
There is no adjustment in the brakes themselves 
(it being all in the parts which pull the brake levers). 


On the late type of axles the adjustment is made 
by a sector attached to the brake pull lever, as 
shown in Fig. 111. 


To tighten up on the brake levers, simply take 
out the bolt which fastens the sector to the lever, 
and move the hole in the lever one hole (towards 
the rear) on the ‘sector. 


On older type of axles the adjustments were made 
by simply tightening up the pull rods. 


In braking the truck with the engine, with the 
switch off and on low gear, care must be taken. 
If you intend using the engine and low gear on a 
hill, engage your low speed before you reach the 
incline, because changing gears while a truck is 
rapidly descending is likely to strip the gears. The 
engine used in this way makes a powerful brake and 
saves the brakes. The spark should be given just 
before reaching the bottom of the incline, in order to 
start the engine before the bottom is actually 
reached. 


THE INTERNAL-GEAR DRIVE AXLE 


There are several makes of internal-gear-driven 
truck axles, one example being shown below. See 
also the internal-gear drive on the White truck 
(page 933), and the International truck (page 929). 


The ring gear (B) is driven by a bevel-driving pinion 
(N), which is driven by the drive shaft (S) from 
transmission. Note that the differential housing 
is fastened to the rear axle. 


Fig. 112. 


This rear axle differs from the other types in that 
the rear axle (A) is solid. An internal gear (G) 
is on the inside of the wheel hub. A spur-gear 
pinion (P) drives this gear (G), which revolves the 
wheel. The spur-gear drive-pinion (P) is driven by 
a jack shaft (J) enclosed in a tube. The jack shaft 
(J) is driven in the same manner as a regular split 
axle, through differential gears and a ring gear (B). 


Internal-gear drive axle, 


The brake band (B) is of the external contracting 
type, and is controlled by lever (R), which is con- 
nected with the foot-brake pedal. 


The adjustments on this axle are similar to a 
“live” split axle, in that the parts necessary to 
adjust, are the ring gear (B) on the differential and 
the bevel-drive pinion (N). ' 
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_ The adjustment of the differential ring gear (B) 
is to provide the proper center distance for gears 
(B) and (N), which can be done by shifting the ring 
gear with the adjustments provided. The adjust- 
ment of the drive pinion (N) is to provide the proper 


mesh between the gears (B) and (N). Manufac- 
turers of this type of axle are: Russell Mfg. Co. 
Middletown, Conn.; Torbensen Co., Cleveland, Ohio, 
also manufacture an internal gear-drive axle, which 
is used on a number of different makes of trucks. 


GAS-ELECTRIC TRUCK 


A very unique and satisfactory combination gas-electric 
power truck is called the Couple-Gear. : i 


The drive system is by means of an electric motor in each 
wheel, as shown in the illustration (Fig. 113). This would be 
termed the transmission. 


This gives a four-wheel drive and a four-wheel steer without 
complications. No universal joints are used on the drive. All 
chains, sprockets, clutches, sliding and reverse gears are dis- 
pensed with. 


ay 


“Couple-gear’’ transmission consists of an electri i 
each wheel, the motor armature having a pinion a eis 
one pinion pulling up on one side of the wheel, the other pulling 
down at the opposite side, and both working at the periphery 
(Fig. 114). Each pinion meshes with a separate gear mounted 
on the rear wheel drum, as shown by the two illustrations 
(Fig. 114). Each illustration represents a separate part. 
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Fig. 113. A couple-gear four- 
suburban and other long-distance work. 


The power plant is self-contained, and consists of a gasoline 
engine connected to an electric generator. The speed of the 
generator, controlled by the speed of the engine, governs the 
speed of the electric motors in the four wheels. The engine 
is equipped with Bosch ignition, a Stromberg carburetor, and 
a 21%” five-bearing crank. 

The generator is designed especially for this class of work. 
It is rated at 1214 k.w. at 100 volts, 680 r.p.m., and will run 
completely sparkless with an ampere load 200 per cent in excess 
ofits normal rating, and with a 100 per cent riseinspeed. The 
voltage at the maximum speed can be held down as low as 40. 
It is a six-pole machine, with the same number of commutating 
poles, compound wound, with a dropping characteristic, which 
automatically assists the engine to hold or increase speed at 
approximately the same rate as the increase in power is de- 
manded for the vehicle propulsion, Itis equipped with a rheostat 
connected to the fields by means of which the operator may raise 
or lower the gear ratio at will. The voltage can be held down 
to 40. The voltage drops when the amperage exceeds 70. 
Weight 765 lbs. 


The engine is 4-cylinder, 5” bore, with a 5)” stroke. 


Control 


The throttle is operated by foot lever. Ignition is fixed. 
The motors are operated either in series, series parallel, or 
parallel, which is governed by a controller of street-railway 
type. There is also a reverse lever on the controller, giving 
the same range of speed backward as foward, and it also 
operates an electric brake. Speed is from 7 to 15 miles per 
hour (12 miles, loaded; 15 miles, without load). 


wheel drive and four-wheel steer gas-electric motive-power truck. specially designed for 
Made in 314, 4, 5, and 6-ton capacity. 


¥ront disk and side of motor removed, giving 
Tt will be 


Vig. 114. 
access to the armature, field coils, and bearings. 
noted that the electric motors are mounted in the wheels, which 


is the method of transmitting the drive power. 33-ampere 


30-volt motors are used in each wheel. 


(T) rubber tire; (F) field winding; (A) armature; (B) 
armature bearing; (P) pinion (gears which drive Gl); (G) 
(G1) gearin wheel; (4) steel band for tire; (L) wheel inspection 
door; (S) roller bearing. 

The motor is suspended by half of the motor casting, which 
is a heavy stub passing through the knuckle shaft, making the 
motor frame itself a component part of the axle. The arma- 
ture is carried rigidly within the motor frame. The wheel shell 
then revolves about the motor frame, on roller bearings, one 
of which is on the rear of frame (3), and the other in frame (4). 
A cover which fits over armature (A) carries this bearing for 
(3), but is not shown. (Couple-Gear Freight Wheel Co., Grand 
Rapids, Mich.) ae 


962 DYKE’S INSTRUCTION No. 76 


FOUR-WHEEL DRIVE TRUCKS 


Nash Quad Truck 


Drive method: All four wheels are driven by 
means of two drive shafts leading from the transmis- 
sion (Fig. 115) to a differential housing (Fig. 117) 
mounted on “dead” rear and front axles. 


OIF FERENT 
Lt BENS WHICH DRIVES 
Ql SHAFTS(2) WH! 
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ee FOUR WHEELS ARE 
ERED. 


ORIVE.SHAFT TO 
FRONT AXLE 


shaft; the tires are solid rubber, 36’x5’’; the 
wheel base is 142” and 124”; tread, 56”; the 
capacity of truck is 4,000 lbs., maximum is 5,200 lbs. 
the fuel tank, 26.7 gallons, with reserve tank of 4 
gallons; the water capacity, 11 gallons. 


Fig. 115. Top view of Nash Quad truck chassis. 


In order that the front wheels may be turned for 
steering, universal joints (B) (Fig. 118) are con- 
nected to shaft flanges (F) (Fig. 117). There are 
internal gears in all wheels by which they are driven. 
All four wheels are steered (see Fig. 118). 


Specifications of the Nash Quad! 


The engine is 4-cylinder (Buda); L-type cylinder 
414” x 546”; 28.9 h.p.; ignition is type “G4” 
Hisemann magneto (page 269); carburetor, the 
model “‘L” Stromberg (see Index); governor is the 
Simplex (see Index); this governor cuts off at a 
speed of 14 m.p.h., or an engine speed of 1,500 
revolutions; the clutch is the Borg & Beck (page 
23); the brakes are internal, expanding in each 
wheel, and one external, contracting on the drive 
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Fig. 117. Illustrates the method of placing the differential 
housing on the ‘‘dead” front and rear axle with drive shafts 


(2), which drive the universal joint (B) (Fig. 118), by flange 
connection (F). 


1 Nash Motors Co., Kenosha, Wis. 


TIRE KNUCKLE ORIVING 


NION (NSIDE BEARING 
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STEERING 
KNUCKLE 


Fig. 118. One of the four wheels, illustrating how the shaft 
(D) of universal joint (B), on which is a pinion (E), drives the 
internal gear in the wheel. Steering is by connection, in the 
usual way, of the knuckle arm with the steering device. 


F. W. D. Four-Wheel Drive Truck 


Drive: Power from the engine (Fig. 119) is trans- 
mitted through a Hele-Shaw clutch (see Fig. 6, page 
22), to the main transmission, thence through a 
silent chain to a sub-transmission, thence to the front 
and rear “live” axles through drive shafts (P). 
The front and rear axles are similar to other auto- 
mobile “‘live” rear axles, except that it is necessary 
to have universal joints connected with the spindle 
of the front wheels so that the front wheels can be 
turned for steering. The steering device connects 
with the front wheels, not the rear. 


The locking center differential: A feature of this 
truck is a center “locking differential” in the sub- 
transmission. Normally this differential isin action 
to compensate for the difference in speed between 
the front and rear axles when turning corners. 
Thus, by the center differential action, tire economy 
is assured. Should the truck be in a position where 
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‘| AND CENTER DIFFER} 
ENTIAL. 


Fig. 119. View underneath the F. W. D. truck, showing 
how the front and rear wheels are driven. 


the rear or front wheels are slipping, the center dif- 
ferential can be locked by means of a lever (L), 
operating a clutch connecting with each drive shaft, 
so that the differential action is thrown out of use 
and all four wheels are driven at the same speed. 
When the truck has been extricated from the soft 
spot, the locking lever (L) is released, and the dif- 
ferential is again in action. If one of the axles is 
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permanently damaged or disabled, the propeller 
shaft (P) can be disengaged and the other axle used. 
ae are also differentials in the front and rear live 
axles. 


Specifications of F. W. D. Truck 


Model B: 8-ton; engine, Wisconsin ‘T-head, 4- 
cylinder bore, 434” x 51 '’stroke, with cylinders off- 
set $4”, and rating of 36.1 h.p.; ignition, Hisemann 
high-tension magneto with impulse starter, car- 
buretion, Stromberg model “G”; governor, Pierce 
(page 947), adjusted for maximum speed of 14 m.p.h. 
on high speed; tires, 36” x 6”; gasoline tank, grav- 
ity feed, 30 gallons; gearshift, same as shown in 
Fig. 19, page 29; load distribution, designed so that 
45 per cent of the total load is carried on the front 
wheels and 55 per cent on the rear wheels; trans- 
mission gear ratio, 1:1 on high, 2:1 on second, 4:1 
on low, and 4.13:1 on reverse; total gear reduction, 
8.9:1 on high, 17.80:1 on second, 35.60:1 on low, 
36.07:1 on reverse. (Four wheel drive Auto Co., 
Clintonville, Wis.) 


THE G. V. ELECTRIC TRUCK (2-TON CAPACITY) 
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Fig. 120. Top view of G. V. 2-ton electric truck. The 
worm or chain drive; the 2,000 lb. is chain driven; the 2 and 


Specifications 


Carrying capacity 2 tons; speed, 9 m.p.h,; mileage travel 
(approximately) on one charge, 45; number of batteries, 42; 
amperage (approximately) in starting, 75 to 80; amperage 
when running, 35; weight of truck, including batteries, 6,395 
Ibs.; weight without batteries, 4,050 lIbs.; price (chassis) , 
$3,000; wheel base, 11214”; track or tread, 61”; overall 
lentgh, 167”; tires (solid), front, 36 x 4’, rear, 36” x 3” dual. 


A-SERIES MOTOR 
B—MORSE CHAIN 
C — COUNTERSHAFT 
D-ROLLER CHAIN DRIVE 


Fig. 122. Note the simplicity of the drive system, which is 
a double-chain drive. 


I Sal EG 
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Fan 
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CONDUIT FOR TERY CONTROLLER BOX 
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G. V. truck is made in 6 sizes: the 1,000 lb, wagon is made with 


314 and 5-ton trucks are chain driven. 


The horsepower of the motor at 84 volts and 40 amperes is 
approximately 4 h.p. Starting cold, this motor will run 100 
per cent overload for one half-hour and 200 per cent overload 
for 10 min. 

The wiring diagram (Fig. 121) shows the connections to be 
used for either a differential shunted “three-wire’” ampere-hour 
meter, or a ‘“two-wire’ ampere-hour meter equipped with 
variable resistor element. 


Explanation of Parts 


The controller box is placed in front, convenient to the 
driver. It contains the controller, resistance unit, fuse block 
switches, etc. The current is disconnected by the switch 
(Fig. 123) which is a 3-way running switch and is thrown to 
the left when the battery is being charged, to the center when 
current is off, and to the right when running. 

When charging the battery, connection is made with the 
“charging receptacle” (Fig. 121) from an outside source of 
electric supply. In case the current charging the battery 
should fail for any reason, the circuit breaker (Fig. 121) will 
disconnect, so that the current from the battery would not 
flow back. 

The ampere-hour meter (Fig. 121) shows the amount of cur- 
rent taken from the battery when running. 

When charging, a compensating shunt is used, so that the 
meter runs approximately 15 per cent slow. The Sangamo 
Blectric Co., Springfield, Ill, manufactures the meter used on 
this truck. 
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Fig. 121. Wiring diagram of G. V. 2-ton electrie truck. 


The controller is of the ‘‘constant torque” type, and the bat- 
teries are connected in series at all times. The various speeds 
are obtained by cutting out or in resistance (cast iron), and 
also by making “‘field’’ connections of the motor, as explained 
below. 


Controller Connections 


By referring to Figs. 124, 125, 126, and 127, the connections 
from the controller to the resistance and field circuits can be 
traced. 

(R1) (R2) (R3) mean resistance; at (R1) all resistance is in 
the circuit; at (R3) about one-half is in; at (R2) about one- 
third is in (see Figs. 126, 127). 

(F1) and (FF1) constitute one set of three field windings; 
(F2) and (FF2) are the second set, and are connected in series. 
The two windings are connected in series on speeds 1, 2,3, 4, and 
in parallel on fifth speed. 

(Al) and (AA) are two armature brushes; there are two 
brush holders with three brushes each, on the motor. 


In Fig. 125, the letter (O) is the neutral or “off” Position of 


SG cl yA the controller, and the black dots denote the controller fingers, 
FORWAR REVERSE 
Fig. 123. Controller box: (A) sheet-steel controller box; a 


° 1 2 


(B) controller handle; (C) three-way switch; (D) lamp-cireuit 
fuses; (E) plug for portable lamp; (R) resistance, 


The Controller of G. V. Electric Truck 


The controller is used to make connections for the different 
speeds, Refer to Fig. 124, and note the movement of the lever 
for the five speeds forward and the two speeds reverse. 


CONTROLLER ORUM HANDLE os 
CONTROLLER SEGMENTS REVERSE 
NEUTRAL 
FORWARD 
FRONT, OF : = ‘ : 
CONTROLLER FINGER BOARD PEED SECTOR Fig. 125. Controller connections: (O) is off or neutral 


position. Black dots denote the controller fingers; black 
squares denote the controller copper segments. The five 
speeds forward and two speeds reverse are shown, 


Fig. 124, Controller. Note the connections of the fingers, 
which refers to diagrarn (Fig. 125). 


Forward Speeds 


First speed: see Fig. 126 (1 forward); both fields are in 
series, and all resistance (R1) isin the circuit, This is the slow- 
est speed. 


Second speed: see Fig. 126 (2 forward); both fields are in 
series, and part of the resistance is cut out (R2). 


Third speed: see Fig. 126 (3 forward); both fields are in 
series, and all resistance is cut out. 


Fourth speed: see Fig. 126 (4 forward); resistance (R3) is 
shunted across the series field. 


FORWARD 


lax) aah FF2 


Fig. 126. Illustrating the resistance connections (R1) (R2) 
(R3) and field connections (F1) and (F2) and (FF1) and (FF2). 
(A) shows the armature brush connections; (B) battery connec- 
tions. 
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Fifth speed: see Fig. 126 (5 forward); fields are in parallel; 
all resistance is eut out. 


The forward speeds are divided approximately equally, each 
notch of the controller being an increase of approximately 20 
per cent in speed. 


Reverse Speeds 


Reverse speeds (Figs. 127 and 125) are the same connections 
as second and third forward (Fig. 126), but passing through 
first speed to prevent a heavy rush of current. The direction 
of flow of the current is changed through the field, which 
reverses the rotation of the armature. 


REVERSE 


ay haa 


Vig. 127. Reverse connections. 


Resistance: [For resistance, cast iron is used. 


STEINMETZ ELECTRIC TRUCK 


The present model has a capacity of 1,500 Ibs., and is rather 
remarkable for its simplicity, freedom from freak design, and 
its abundance of power. The feature which is expected to do 
so much to bring the electric to the fore ground is in the motor 
and rear axle. Other parts of the car are of a conventional 
design, 


The high speed at which the electric motor operates efficiently 
makes it necessary to have a high gear reduction, which is 
objectionable in this kind of a vehicle. Steinmetz’s first designs 
called for a revolving field rotating in an opposite direction to 
the armature. This was found to be impractical from a serv- 
ice standpoint, and the gear reduction is accomplished in this 
latest design in a double-reduction spur-gear axle of which the 
motor is a unit part. 
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Fig. 128. The motor and axle using a double reduction drive. 


A standard battery is supplied. 


The truck is fitted with pneumatic tires, 38’ x 5’. There is 
a hood in front of the driver’s seat, resembling very much the 
hood on a gasoline truck. <A portion of the battery is contained 
under this hood and another portion is under the driver's 
seat. Both sections of the battery are contained in trays, 
and can be rolled out of the car in a very few minutes by 
simply disconnecting the leads and loosening the clamp bolts. 


Drive: Power unit of the Steinmetz truck, made up of the 
electric motor gearing of the rear axle is a self-contained or 
integral unit, the motor being readily bolted to the one-piece 
gear case casting, in which are mounted all of the driving gears. 
This gear is in turn readily bolted to the rear axle, thus insuring 
perfect alignment of all important parts, which means not only 
high efficiency when the truck is new, but high efficiency over a 
continued period of years. 


Bearings: All important bearings throughout the car are 
ball bearings. The parts containing ball bearings are front 
wheels, rear wheels, motor shaft, gear-case counter shaft, and 
the differential bearings. All other bearings throughout the car 
subject to wear are bronze bushed, and the majority of them 
are of the oilless type. Ample lubrication is provided for all 
bearings. 


Wheels: Schwarz wood wheels, standard 8. A. Ki. dimen- 
sions, 12 spokes for 33” x 5’’ pneumatic tires or 34” x 4” solid 


tires (special wheels for the latter). 


Steering gear: Irreversible nut and trunion type, easily 
adjustable for wear, 


Controller: Continuous torque, drum type; all contacts and 
connections in plain view and very accessible. Controller 
segment mounted on metallic segment bases. Segment bases 
are properly insulated from each other and from the controller 
shaft, thus insuring against short circuits and possible burning 
of the controller segment bases. 


Main switch: Double pole, double throw, rigidly constructed, 
and of large capacity; three positions—running, off and char- 
ging; locks in any position. When in charging position, this 
switch isolates the battery from the controller so that adjust- 
ment or repairs may be made to the controller with perfect 
safety to the mechanic. 


Wiring: All power wire used through the truck is of flexible 
copper conductor, heavily insulated with 80 per cent Para 
he insulation, 


Ward Electric Truck 


A popular make of electric truck using a worm-driven rear 
axle is the Ward, made by the Ward Motor Vehicle Co., Mt. 
Vernon, N.Y. 


Although the worm drive is used on 68 per cent of the gaso- 
line-driven trucks the worm drive has not heretofore been 
adopted for electrie trucks. 
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978 DYKE’S INSTRUCTION No. 76 
’ 


A TAXICAB 


As an example of the construction of a taxicab 
we will use the Yellow Cab, as manufactured by 
the Yellow Cab Co. of Chicago, Il. 


. 


Fig. 129. The Yellow-Cab. 


Prades , 

ings: Chrome vanadium steel; front, semi-elliptic, 2’ 
at 36 Vy ’ long, 8 leaves; rear, semi-elliptic, 214” wide, Be" 
long, 10 leaves; all springs, pins, or bolts of special ae 
springs and spring hangers bronze bushed; Alemite system o 
lubrication used on spring bolts and all other parts of the car 
that require grease. 


: F Pe ‘ f 

Cooling system: Thermo-syphon circulation; radiator of 
ample ai he to cool the motor under all weather one 
radiator is mounted on trunnion supports cast integral wit 
the front motor support. 


Ignition: Bosch high-tension magneto; latest D.U.4 type 
with spark in fixed position. 


Wheel base: 109”; 814” road clearance. 


Wheels: 114” spokes; artillery type; 32” x 4”; 
mountable; straight side type. 


rims de- 


Tires: 32” x 4” cord, non-skid all around. 


Control: Levers for gear shift and emergency brake directly 
connected to transmission-case cover, giving center control; 


Fig. 130. 


Yellow-Cab Specifications 


Engine: Continental Red Seal, similar to the Continental 
model ‘‘N” (see page 94); main-frame unit power plant con- 
struction, three-point suspension; four-cylinder, four-cycle, 
334” bore, 5” stroke cylinders cast en bloc; valves all on 
one side, easily removed; valve stems, springs, and push rods 
enclosed, well lubricated, and free from cutting action of sand 
and dust; accessible by means bf removable plate; spiral tim- 
ing gears, under spring tension to overcome backlash; drop- 
forged connecting rods with bronze-backed bearings; crank 
shaft of special alloy, drop forged, and all bearings ground; 
self-contained constant-level oiling system, has oil-level indica- 
tor; average speed of the engine is 1,060 r.p.m.; average speed 
of car, 20 m.p.h., and will operate from 5 to 35 m.p.h. 


Gasoline capacity: 10 gallons, gravity feed, tank under front 
seat. 


Clutch: Brown-Lipe; multiple disk; Raybestos against 
steel plates; special radial-thrust ball bearing for clutch release; 
clutch housing integral with transmission case, and bolts to 
special flange on crank case, making unit power plant. 


Transmission: Brown-Lipe; three-speed and reverse, nickel 
steel gears and shafts mounted on Timken roller bearings and 
annular ball bearings. 


Universal joints: Spicer; double universal between trans- 
mission and rear axle, with slip joint to allow for spring action; 
each universal joint is enclosed in a steel case which is grease 
tight; drive is obtained through rear springs with spring sad- 
dles solid on rear axle, no torque arm or radius rods being used. 

Front axle: Timken-Detroit, drop-forged I-beam section; 
extra heavy wheels mounted on Timken roller bearings. 


Rear-axle: Timken-Detroit; semi-floating type, Timken 
roller bearings on shafts and differential; differential and main 
drive adjustable and easily removable; driving gears are of 
the helical bevel type; rear-axle ratio is 49/10 and 4 1/12. 

Frame: Pressed steel; vertical section 614’; width of flange 


in front 134”; width of flange in widest part 354’; tapering to 
21%” at rear end, ' 


Top view of chassis of the Yellow Cab, showing the location of parts. 


left-hand steer, no hand spark or throttle levers; spark is fixed 
and entire carburetor control by foot accelerator; entrance to 
front seats from either side. 


Steering gear: Gemmer; 


é worm-and-sector type; 
ment for lost motion. 


adjust- 


Braking system: Service brakes external on rear wheels; 
brake bands 214” wide and 1514” in diameter; emergency 
brake operates directly on gear set; brake band 214’ wide and 
814” in diameter. 


Carburetor: Zenith model S-4; steering-post adjustment for 
starting; hot-air stove connection. 


_ Equipment: Two cowl lights, search light, tail light, dome 
light, large lighting battery, Stewart-Warner hand horn, tire 
carrier, jack, jack handle, hub cap wrenches, rim wrench, and 
port plug wrench, 
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Fig. 131. Lighting diagram of the Yellow Cab. A 6-volt 
storage battery supplies current for lights, and a Bosch high- 
tension, magneto supplies current for ignition. The ‘Puritan 
switch” is an ignition switch under the cowl. “Vacant lamp” 
denotes a lamp placed. on the front center of the roof at the top 
of the wind shield, which shows whether the taxicab is occupied 
or vacant. “‘Pillar lights” denote lights placed on the rear 


door pillar in front of the rear door outside. The “meter 


lamp” is to light the meter, 
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Fig. 1382. Right side view of body and lighting connections. 
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Fig. 133. Top view. 
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Fig. 134. Left side view of body and lighting connections. 


Taxicab Rates 


The rates given below are those of the Yellow Cab Co., of 
Chicago. 


For One Passenger 


For first one-half mile. .......... .$0.25 
For each succeeding half-mile..... .10 
For each four minutes waiting.... .10 


Additional Passengers 


Each additional passenger for en- 


tire eriperer slic 
Cabs by the Hour 


Rate per Hours .crcsicessc seer coi, B00 
Time to start when cab is engaged. 
Baggage 
. Hand baggage carried free— 
(Habba En cn ogadoddocsesoo 64) 


‘‘xtras’’ mean extra passengers. 


There is no uniform price regarding the charging of extras, 
and the rates of fare in use throughout the United States are 
almost as many as there are cities in the United States. 


Chicago has the lowest taxicab rates in the United States. 
The most prevalent rates of fare throughout the United 


States are as follows: 


30c. for first one-third mile or fraction thereof, 


10c. for each succeeding one-third mile, or fraction 
thereof, 


10c. for each four minutes of waiting time, 
Extras, 20c., etc. 


In some cities the taxicab companies haul two, three, or four 
passengers as cheaply as they do one, but the usual price 
charged is 20c. for each passenger over one. 


A few years ago, a great many cities had ordinances requiring 
taxicabs to haul passengers to practically any place in the city 
at prices of 50c., 75c., or $1.00. 


Today there are only four cities of 50,000 population, or more, 
that still adhere to this obsolete practice. Practically all the 
other cities in the United States now have ordinances requiring 
the use of meters on all taxicabs. The reason for this is obvious. 
All taxicab operation costs must be figured on a basis of so much 
per cab per mile. 


The selling of transportation should be on the same basis. 


In other words, figured on a cab-mile basis, this is equitable 
both to the passenger and to the taxicab operator. 


It would certainly be illogical to do as was done in the past, 
namely, to charge the same amount whether the passenger rode 
ten yards or ten miles, It certainly is unfair to ask the short- 
distance passenger to pay an amount so great that he will be 
helping to pay for the distance traveled by the long-distance 
rider, who, in turn, pays too little. 


The Ohmer Tag as Used on the Yellow 
ab 


A taximeter is used on taxicabs for the purpose of keeping 
tab on the distance traversed and the cost per mile to a pas- 
senger. 


_ When a car is standing, the meter is shown with the vacant 
sign standing upright and all dials at zero (Fig. 136). 


The Ohmer printing taximeter, as it is termed, not only gives 
a visual indication of the fare due, but it also has two more 
vitally important functions, as follows: 


1. It issues a ticket for the customer or passenger. 
2. It keeps a printed record for the operating company’s use. 


PAY TOTAL OF FARE AND EXTRAS 
SEND TICKET WITH ANY COMPLAINT TO 
YELLOW CAB COMPANY 

PHONE CALUMET 6000 


EXTRAS 


260 ue 23 9522 .20 


Fig. 135. An example of the receipt issued is shown above 
The ticket as issued by the machine serves as an invoice to the 
customer to show him the amount of money that he owes for 
his ride. It also serves as a receipt in the hands of the customer 
showing that he has paid for his ride. ‘The fare is shown on the 
left, and includes the money due for the mileage and also for 
any waiting time. The amount shown under ‘‘extras’’ includes 
any charge that is made for hauling baggage, extra passengers, etc. 


FARE 


Fig. 1386. The Ohmer taximeter with “For Hire” sign up, 
indicating that the taxicab is not engaged, 
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Fig. 137. The Ohmer taximeter flag in ‘Hired’ position. 


When the cab is hired, the meter flag is pulled from its ‘“For 
Hire” position (Fig. 136) to the ‘Hired’’ position (Fig. 137), 
and the machine immediately starts computing. If the cab is 
running at a speed less than six miles per hour, or stops, the 
charges are computed on the basis of time consumed, but if a 
higher rate of speed is maintained, the machine automatically 
computes_on the basis of the established mileage rates. 


Fig. 138. Flag on ‘‘Non-recording”’ position. 
gs 


If it is desired to set the meter so that no charge will be com- 
puted while the cab is stopped for accidents, tire repairs, engine 
troubles, etc., the flag is moved another quarter-turn to the 
non-recording position (Fig. 138). The time lost is recorded 
by the machine on the company’s record, but no charge is made 
therefor. The flag can then be returned to the ‘“‘Hired’’ posi- 
tion, but it can be moved to the ‘‘For Mire” position only by 
printing a ticket, or receipt, and the corresponding record, 
which is done by turning the crank, after first throwing the flag 
to the non-recording position. 


It is, therefore, mechanically impossible for the driver, after 
having once put the meter in operation, to avoid making a 
complete printed record of the job. 


Extras are recorded by turning the extras knob through one 
complete turn for each extra to be recorded. 


Each driver is provided with a numbered identification key, 
which must be inserted in the machine before it can be operated, 
and which cannot be withdrawn until the flag has been turned to 
the ‘For Hire’ position. This key prints the driver’s number 
on the record each time a ticket is issued, so that there can be 
no question at any time as to the responsibility for each charge. 


_ The address of the manufacturers of the Ohmer Taximeter 
is Ohmer Fare Register Co., Dayton, Ohio. 
The Atco Taximeter 


This taximeter is not used on the Yellow Cab, but is used un 
some of the other makes of taxicabs. 
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By way of illustration, we will explain the function of a taxi- 
meter recording as follows: 

20 cents for the first half mile; 

10 cents for each succeeding 14 mile; 

10 cents for each 4 minutes of waiting time; 

20 cents for each extra passenger over one for the trip. 


When the vehicle is hired, the driver releases the flag lock 
and places the flag in its recording position (Fig. 140) at which 
time the figure 1 appears on the face of the meter under “‘tariff.’ 
At this time the initial fare, 30 cents, appears on the fare dial. 
From that minute the fare is accumulated for both distance 
and waiting time. 


When two different rates are charged (such as another rate 
at 8 cents for each succeeding 14 mile) a two-tariff meter must 
be used. 


Where a two-tariff meter is used when the vehicle is hired, 
the driver releases the flag lock and places the flag in second 
tariff position (Fig. 141). In this position the flag is at the 
bottom of the meter (flag not shown), and the figure 2 appears 
on the face of the meter under ‘‘tariff.’’ At this time the initial 
fare of 30 cents appears on the fare dial, and 8 cents will be char- 
ged up for each 14 mile after a 14 mile. 


Assuming that there is a second passenger, the driver 
operates the extra button for a complete turn, thereby record- 
ing one extra of 20 cents which appears on the dial under 
“‘extras’’ on the face of the meter. 


For the 30 cents initial fare the passenger receives one 1% 
mile in distance, or 8 minutes of waiting time, or any proportion 
of either. After this, the fare mechanically changes to 40 
cents, entitling the passenger to one 14 mile of travel or 4 
minutes of waiting time, or any proportion of either. 


Every minute or fraction of a minute consumed by traffic 
stops, or when the cab is operating at a speed less than 4 miles 
per hour, deducts from the distance the passenger would ordi- 
narily receive for the dime previously registered. 


At the expiration of the trip, the driver places the flag in its 
“not recording’’ position, which stops the time clock. This 
prevents any additional fare recording while the passenger is 
paying the fare. Should the driver attempt to operate the cab 
with the flag in this position, money for distance is registered on 
both the front and rear of the meter, and all mileage records are 
recorded. 


_ After the fare recorded on the face under ‘fare and extras” 
is collected, the flag is placed in the “vacant” or “‘upright’’ 
position (Fig. 139), by completing the circle through which 
it travels. When so placed, the flag locks itself and cannot be 
tampered with to the detriment of the driver, who would be 
held accountable at the rate of 30 cents for each time the flag is 
removed from its upright position, (Manufacturer is the 
eee Taximeter Co,, 16-24 W. Sixty-first St., New York, 


INSTRUCTION No. 77 
TRACTORS: Types; Engines; Kerosene as a Fuel; Fordson Tractor 


The definition of the word “tractor” is “that 
which draws, or is used in drawing.” 


Fuel: The tractor was formerly propelled by a 
steam engine, but is now usually propelled by a gaso- 
line engine, which uses gasoline or kerosene for 
fuel. Two methods of using either gasoline or 
kerosene are explained farther on. 


The engine can be either a multiple cylinder, 
vertical, or of the horizontal opposed type. The 
4-cylinder engine is used quite extensively, and for 
the same reason as it is used on trucks. The engine 
varies in but a few details from that used on auto- 
mobile passenger cars. 


The tractor engine must stand continued running 
at at least three-quarter power for an aggregate of 
several hours steady work. Therefore the bearings 
and parts of the engine should be heavier, and 
capable of withstanding this strain. 


The engine ignition is generally by means of a 
magneto and with an “impulse” starter, as ex- 
plained farther on. 


The governor is used, as the tractor engine does 
not vary in speed so much as an automobile engine. 
See Index under ‘‘Governors.”’ 


The drive systems differ, however; but the same 
underlying principles, such as clutches, jack shafts 
with differentials, etc., are employed, but of much 
heavier and larger design, as explained farther on. 

We would advise the reader to send for catalogues of some of 
the leading tractor manufacturers. These catalogues will give 
information on the drive methods, and the instructions in this 
book on engines, ignition, etc., will give sufficient information 
on the engine. In this way one can gain a good working knowl- 
edge of tractors. 


A leading concern who has agreed to send descriptive cata- 
logues pertaining to tractors to our readers, is the Minneapolis 
Steel and Machinery Co., Minneapolis, Minn., manufacturers 
of the ‘‘Twin City” tractors. Some of the other tractor manu- 
facturers are Holt Mfg. Co., Peoria, Ill.; C. L. Best Tractor 
Co., San Leandro, Cal.; Yuba Mfg. Co., 433 California St., 
San Francisco, Cal. 


The addresses of some of the gas-engine magazines are: 
Farm Machinery, 1827 Prairie Ave., Chicago, Ill.; Gas 
Engine, Cincinnati, Ohio; Gas Review, Madison, Wis.; Gas 
Power, St. Joseph, Mich.; Farm Machinery-Farm Power, 
St. Louis, Mo. 


What a Medium-Size Tractor Will Do 


The medium-size, medium-priced tractor, oper- 
ating under average conditions, will plow one acre 
7 in. deep on 21% gal. of gasoline and 1/5 gal. of 
lubricating oil. This, in brief, is the result of an 
extensive inquiry made by the United States Depart- 
ment of Agriculture, embracing data received from 
200 tractor users in the corn belt in Illinois. 


The information is given in bulletin No. 719 of 
the department, entitled “An Economic Study of 
the Farm Tractor in the Corn Belt,” which includes 
information from the users of tractors of various 
sizes and on various sized farms. 


Best Size of Tractor to Purchase 


Belt work represents 50 per cent of the total work 
of a tractor. For belt work to be thoroughly effi- 
cient, the SHENG needs about the same power as 1s 
required for four plows, making the three and four- 
plow outfits the best sizes for general utility on the 
farm. 
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Another important conclusion drawn from the 
data collected indicates the size of tractor most 
suitable for a given size farm, and lays particular 
emphasis on the fact that the medium-size, medium- 
priced tractor “appears to have proven a profitable 
Investment in a higher percentage of cases than any 
others.” The sizes recommended for various sizes 
of farms are: 


Acreage No. Plows 
of Farm Handled 
2OOontlessi ney hc nee ee 3-plow a 
LULA SO eras eC 4-plow 
(3-plow second choice) 
$517 BO" a sisiye sus tee SR raataren cepa ern ie rae 4-plow 


(5- and 8-plow second choice) 


It is further noted that the smallest farm upon 
which the smallest tractor in common use—the 2- 
plow machine—may be expected to prove profitable, 
is one of 140 acres. 


The bulletin further states that the chief advan- 
tages of the tractor for farm work, according to the 
operators, are: (1) its ability to do heavy work 
rapidly, thus covering the required average in the 
season; (2) the saving of man labor, and (3) the 
ability to plow to a good depth, particularly in hot 
weather. The chief disadvantages are put down as 
difficulty of efficient operation and packing of the 
soil when wet. 


One significant fact brought out is that the pur- 
chase of a tractor seldom lowers the actual cost 
of conducting the farm, and that the purchase of 
ie ae usually must be justified by increased 
yield. 


With regard to the number of days a tractor is 
used, the report gives figures which vary from 49 for 
the 2-plow machine to 70 for the 6-plow machine. 
Nearly 45 per cent of the tractor users report that 
they do custom work for others, which would seem 
to indicate that the tractor is too large to be kept 
busy on the home farm. The life of tractors, as 
estimated by their owners, varies from 6 seasons 
for the 2-plow machine to 101% seasons for the 6- 
plow outfits. 


Repairs Cost 4 Per Cent of Purchase Price 


The longevity of the tractor brings up the ques- 
tion of repair expense, and in this connection the 
bulletin points out that though no accurate statistics 
are available on this, it would seem fair to count 
upon probably less than 4 per cent of the initial 
cost annually. This represents the average for 
farm machinery generally. 


Under favorable conditions a 14-in. plow drawn by 
a tractor covers about 3 acres in an ordinary working 
day. Under unfavorable conditions, large gang 
plows will cover less ground per day per plow than 
will the small ones. Plows drawn by tractors do 
better work on the whole than do plows drawn by 
horses, the average depth in Illinois with tractors 
being 114 in. greater than with horses. It is stated 
that the tractor displaces about one-fourth of the 
horses used on the average farm. 
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Power Required Depends upon the Soil 


The resistance that soil offers to the passage of a 
plow bottom varies from 2 to 20 Ibs. per square inch, 
depending upon the character of the soil. 


This being so, a bottom which requires a pull of 
only about 400 lbs. at the draw bar to turn a furrow 
14 in. wide and 6 in. deep, may require as great a 
pull as 850 Ibs. in a soil of different constitution, or 
a maximum of nearly 1,700 lbs. in the most intract- 
able soil. 


Therefore the power of the tractor must be deter- 
mined by the character of the soil and the number of 
lows it pulls. One should secure a soil map of his 
eae from his State Agricultural College and 
post himself on the relative condition of the soil in 
his neighborhood and the power required before pur- 
chasing a tractor. 


= What a Tractor Must Do 


. It must work efficiently after six years. 

. It must reduce horses to the minimum. 

. It must supplant horses. 

. It must cultivate row crops. 

. It must both plow and cultivate. 

. It must handle two plows under bad conditions 

and three under good conditions. 

7, It must operate a 7- or 8-ft. binder at 214 to 3 
m.p.h. 

8. It must have power to operate a road grader, 
a manure spreader, etc. 

9. It must have belt power to operate any hay- 

baler or 24- to 28- in. threshing separator with a 

self-feeder and wind stacker; it must operate a 

corn sheller, a feed grinder, a sawmill, etc. 


10. It must cost less than $1,000. 


11. It must weigh less than 5,000 lbs., and be guar- 
anteed one year. 

12. All working parts must be in oil; it must be 
self-steering; it must have a direct drive for all 
speeds and a belt pulley, and speed enough for 
plowing and road work; with a low center of 
gravity. 


One WN Ee 


Olass of Work. LIGHT WORK. HEAVY WORE. 


Feed Grinding, Ensilage Cut- 
Pumping, Washing, Oréam + ‘ ; 
BELT WORK Sensracing Wet! Taeantcemttee Shredding, 


HAULING |Hauling People, Farm Pro-|Hauling Grain, Building Ma 
duce, Merchandise, etc. PeziaN! ete. 


FIELD WORK|Planting, Oultivating, Mow-|Plowing, Discing, Harrowing, 
ing, Raking, etc. Drilling, Harvesting, etc. 


Tractor Designs 


The following matter and illustrations, taken 
some time ago from Motor Age, will give a good 
general idea as to the variation in the design of 
tractors. See Fig. 1. 


_ 1, Four-wheel tractor design, with two large driv- 
ing wheels in rear and two smaller steering wheels in 
front. The front wheels vary in diameter and also 
in tread. They are generally placed farther apart 
than shown. 


2. Four-wheel tractor design, in which two front 
wheels are so close together as really to serve as a 
single wheel. 


3. Three-wheel tractor design, with two large 
driving wheels and one steering wheel located at one 
side and in front, The diagram shows a two-cylin- 
der engine. j 


Fig. 1. 


Tractor designs: (E) is the engine; (G) gears driv- 
ing internal gears in rim of tractor wheels; (W) tractor drive 
wheels; (S) steering. 


4, Three-wheel tractor design, with a double 
steering wheel and one very large rear wheel for 
driving. There is a second rear wheel made quite 
small for balancing. 


5. Three-wheel tractor design, using two large 
driving wheels and one very small wheel in the rear 
for steering. 


6. Four-wheel tractor design, with large driving 
wheels in the rear and relatively small front wheels 
for steering. Note the cross-method of engine 
mounting. 


7. Unusual tractor design, with two large steering 
wheels mounted very far apart and with two driving 
wheels placed very elose together at the rear. 


8. Two-wheel tractor design, to which can be 
coupled any piece of farm machinery. The entire 
pov plant is mounted between the two driving 
wheels, 


9. The combination wheel and caterpillar tractor 
with a single caterpillar for driving in the rear and 
two steering wheels in front. 


10. The short caterpillar using a caterpillar, or flat 
wheel construction, at each side. This design has 
been on the market for some time. 


Tractor Drive Methods 


For a tractor to travel over all kinds of roads, it is 
necessary that it lay its own track or road in many 
instances. ‘Therefore some means of presenting 
large surafce to the ground must be provided, on 
which the weight may be supported, to prevent 
sinking into soft soil. There are several methods 
employed, the most common being the “flat-whee! 
tread,” the “chain tread,” and the “rail-track tread.’ 


The “‘flat-wheel tread” is the type used on the 
Ford and “Twin City” (page 984) and other ligh 
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tractors, On some tractor wheels the projecting 
treads are detachable and can be removed, and 
deep or shallow treads may be applied according to 
the condition of the soil. 


ll CHAIN TREAD 


12 RAIL TRACK 


~ 


13 SEMI-RAIL-TRACK 


Fig. 2. Illustrations explaining the ‘“‘chain tread,’ ‘‘rail- 
track tread”’ and ‘‘semi-rail-track tread.” 


The “chain tread’? is furnished by stretching a 
movable chain of various constructions over and 
around two wheels, which has the effect of present- 
ing considerable flat surface to the ground between 
the two points of support. The tread is made to 
move or crawl by driving the sprocket support 
wheels which have cogged teeth to engage cogged 
teeth on the inner face of the chain. See (11) Fig. 2. 


This would be termed the chain tread, because the 
weight of the tractor is supported on the wheels 
with direct ground contact with the chain tread 
and minus the rail track. 


The “rail-track tread” is represented by the 
Caterpillar and Cleveland. It differs widely in 
principle from that of the ‘flat wheel tread,” and 
differs also from the chain tread in that a “rail track”’ 
is provided. 


The point aimed at by the designers is to insure, 
not merely that the entire weight of the machine 
shall be evenly supported on the large surface of the 
chains, but that there shall be no arching of the 
chains, and that the wheels which do the driving 
shall carry little or no weight, while the wheels 
which carry the weight not only do no driving at all, 
but run on rails and are not affected by the pull of 
the chain. This result is secured in the following 
manner: 


The weight of the tractor is supported on two 
axles or trucks, which carry, the one the driving or 
track sprocket wheel, and the other an idle wheel 
of similar size. The axles.also support a beam or 
connecting bar beneath which are mounted a series 
of smaller idle or truck track wheels with smooth 
faces, formed to run on the rails or track. 


The weight of the machine is carried on wheels 
which run on rails or track. 


The chain itself, it will be noted (see Fig. 3), is 
driven by the track sprocket which is driven by the 
engine through a counter-shaft and gear transmis- 
sion. As the chain tread (also called track link 
shoes) is made to revolve over the drive sprocket 
and track idler, the tractor, it will be noted, is 
really running on rails or a track, which are being 
laid down for the track wheels to revolve upon. 
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Fig. 3. The track-laying portion of a Holt caterpillar. The 

rear sprocket transmits the drive pulling on the portion of the 

chain which is lying flat on the ground. The weight of the 
tractor is carried by the 5-truck track wheels. 
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Although there are numerous methods of design 
employed for the construction of this chain or outer 
shoe, as it is termed, the principle is very much the 
same in all. 


The difference, however, between the “chain 
tread” and the “‘rail-track” tread is made quite clear 
in the illustrations (11) and (12), Fig. 2. 


Tractor Steering 


When the three-wheel design is used, the third 
wheel is operated for steering. 


Where four wheels are used, as on the Cleveland, 
for example, the steering-gear arrangement is as 
follows: a train of gears are operated by the steering 
wheel, and these in turn apply a brake to one side 
or the other of the axle. This slows up the crawler 
belt of one side of the machine, allowing the other 
to go ahead at a speed ratio corresponding to the 
resistance placed upon the opposite member by the 
brake pressure. When the brake is applied alto- 
gether, so that one belt or chain crawler is stopped, 
the reduction is 11% to 1, or, in other words, 3 to 1, 
through the: differential gears. The actual drive 
connection between the rear axle and the crawler 
wheel is by an internal gear. The emergency brake 
is applied against a band mounted on the outside 
of the differential drum. 


The Transmission of Power 


The transmission of power is usually from engine 
to clutch, thence to a gear transmission, thence to a 
countershaft, from which the drive sprocket is driven 
by a chain. On wheel-driven types there is often 
an internal gear drive in the wheel. 


On several machines a regular truck gearset is 
employed with three ratios, this being coupled to a 
jackshaft incorporating a constant large reduction 
through a pair of spur gears. More than one 
machine is using a worm gear ahead of the last spur 
train, so that the worm speed is the same as that 
of the crank shaft on high gear. ‘There are usually 
two or three speeds plus a reversing gear, which 
allows the different ratios to be used ahead or astern. 


Clutches: Many are still using the old-style 
expanding or band clutch. The cone or disk clutch 
is coming into favor. 


A clutch lever for throwing out the clutch is used 
more than a clutch pedal; however, many are now 
adding the clutch foot pedal. 


A typical example of a “‘flat-wheel tread,” light 
tractor transmission system is shown in Fig. 4, 
which is the ‘“Twin City 16.” 
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Fig. 4. 
shown) above and forward, driven from gear (N). 


The clutch is the contracting band type which fits over the projecting rim (C) on the flywheel (Fig. 9, page 986). 


operated from the seat by shifting the clutch yoke (X) above. 


(R) is a band brake around the drum which contains the differential gears. 


Belt power is obtained by a shaft (no 


It i 


For high speed (234 m.p.h.), the power is transmitted through gear (A), then through ©), through sliding gear (D) to ®) 
thence to the bull pinions on the end of shafts (W), which drives the internal gear in the wheels. 


For low speed (2 m.p.h.), sliding pinion (C) meshes with (E). 


For reverse (234 m.p.h.), power is delivered from (D) to (F) through a floating pinion mounted in the upper half of the trans 


mission (not shown). 


The floating pinion is also a sliding pinion, so that when in neutral position it is slid out of mesh wit 


gear (F), but continues to run idle with pinion (D) when in neutral—the position in which (D) is now in the illustration. 


The Cleveland Tractor 


It weighs 2,750 Ibs. and is characterized by its 
small size, being but 52’’ long by 50” wide. It is 
rated at 12 h.p. at the drawbar and at 20 h.p. at 
the pulley, and with its crawler or creeping type of 
tread, 600 sq. in. of traction surface are provided. 
The overall length of the tractor is 96’. 


As may be seen from the illustration (Fig. 5), the 
powerplant is set well back toward the center of the 
crawler drive; thus the traction surface carries the 
weight well toward its center, so that a maximum 
tractive effort can be secured. The radiator, which 
is at the front of the tractor, is the only part pro- 

‘jecting forward of the driving wheels, and at the 
pe the driver is seated slightly behind the rear 
axle. 


The frame of the tractor is made up of two side 
bars mounted on trunnions at the rear axle, and 
the crank-case transmission and rear axle housings 
also have their value as structural supports. The 
effect of the three-point suspension is secured by 
having the rear connections of the side bars mounted 
on trunnions, and in front these are connected with 
the cross-spring by shackles. This gives a flexible 
drive which allows the tractor to work at an ad- 
vantage on unequal stretches of ground. 


The engine is a Buda model “R,” 314” by 514”. 
The characteristics of this engine are such that 
with the gear ratio used on the tractor, an efficient 
working speed is obtained at 344 m.p.h., with a 
maximum working speed of 4 m.p.h. The revolu- 
tions per minute of the engine are 1,450 at 4 m.p.h. 
and 1,272 at 314 m.p.h. 


From the engine the drive is transmitted through 
a Borg & Beck dry-plate clutch to a transmission 
unit developed by the Cleveland Tractor Co., pro- 
vided with one speed forward and one reverse. 
The reduction is 25 to 1 in either case. From this 
unit the drive is transmitted through bevel gears to 
the axle, which transmits the torque to the crawler 
mechanism. The helt pulley is 8’’ in diameter 
and has a 6” face. The width of the track is 6”, 


and the length, 50”, giving 300 sq. in. of tractio: 
surface on each side of the machine. 


The carburetor is a Kingston, fitted with a Ben 
nett air washer, the magneto an Hisemann, an 
the radiator a built-up cellular type. The gasolin 
tank is mounted just behind the engine and forwat 
of the steering wheel, the latter being mounte 
upon a vertical steering post with the driver seate 
on a support mounted at the end of a flat stec 
bracket which acts as a spring. 


qos 


el 
Gasoline and 
Kerosene Tank 


Track Wheels —— 


Fig. 5. The Cleveland light tractor: 
also termed the “‘crawler’’ principle of drive. Note the pull 


in front for belt-power use; also note that the driving sprock 
is in the rear. 


Drive, ‘‘rail-track 


The Caterpillar Type of Tractor 


_ Drive: Typical “‘rail-track.” The drive sprock 
is driven by chains from a countershaft which 
driven by a gear transmission and clutch. 


Engine: Six-cylinder; vacuum fuel feed ( 
method employed. Gasoline or kerosene is use 
the fuel tank is (T). A mechanical oiler (O) is use 


Ignition by K. W. magneto (J). A throttli 
type of governor for controlling the speed of t 
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engine through the carburetor is employed. In 
fact, the principle of operation of the engine is 
similar to that of an automobile engine. Access to 
the crank case is through the hand-hole plates (L). 
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Steering by wheel (S) which. operates wheel \ W). 
Radiator is at (R). 
Spark and throttle control (C) 


Fig. 6. The Caterpillar type of tractor. 


The drive is of the “rail-track’’ type. 


TRACTOR ENGINES AND IGNITION 


The type of engine used on tractors, as previously 
stated, differs from the regular automobile engine 
only in afew details. Itis constructed heavier, with 
larger bearings. It runs at a constant speed most 
of the time; therefore greater heat is developed, and 
more cooling surface is necessary. A governor is 
employed. Engines for tractor use are usually of 
the four-cylinder or double-cylinder opposed type. 
The average compression of a truck or tractor 
engine is 60 to 70 Ibs. It has usually a long stroke 
and slower speed, and operates either on gasoline or 
kerosene. Many of these engines have cylinders 
which are fitted with sleeves. 


Tractor Engine Ignition 


The magneto is generally used with an impulse 
starter. The spark plugs on a tractor engine must 
be the very best, as the tractor engine, unlike an 
automobile engine, runs for long periods of time at 
full power, and the use of low grades of fuel means 
higher temperature, and consequently more carbon. 


K. W. Magneto 


The K. W. magnetos are used on tractor engines 
quite extensively, and we shall therefore use this 
type as an example. 


Model H (4 magnets): For engines having nor- 
mal speed greater than 300 r.p.m., and which have 
provision for starting or can be cranked at a fair 
speed by hand. 

Model HK (4 magnets): For use on engines the 
same as model “H,” but has the impulse starter for 
hot starting spark. 

Model HT (5 magnets): For use on engines hay- 
ing normal speed of less than 300 r.p.m., and which 
have provision for starting with air, etc., and will 
furnish a hot spark as low as 30 r.p.m., and will fire 
any sort of fuel. 

Model HTK (5 magnets): For use on engines the 
same as model “HT,” but the impulse starter allows 
the engine to be started by hand if the air supply is 
lost; or for use on large engines which previously 
had to be started with battery ignition. 


Fig. 7. The K. W. high-tension magneto, model “HTK” 
with impulse starter. 


K. W. Impulse Starter 


This attachment allows the engine to be started 
regardless of cranking speed, as the rotor of the 
magneto (inductor type) is held stationary while 
the coupling is moving 80°, then it is tripped and 
thrown ahead at the rate of 500 r.p.m., assuring a 
very hot spark for starting. When the engine comes 
up to speed, the starting device is automatically 
thrown out of action, and simply revolves with the 
shaft. See also page 281. 


To time with an impulse starter: (1) place the 
piston 3° to 5° past top center on the power stroke; 
(2) mount and connect the magneto so that the 
tripping mechanism will not trip the impulse start- 
ing device until the engine is from 3° to 5° past 
dead center on the firing stroke. 


In starting up the engine, place the circuit- 
breaker in full retard position and press down on 
the ratchet catch lock (ST-14) (Fig. 8) next page, 
which releases ratchet catch (ST-13) and allows it to 
engage with the notch in the ratchet (ST-6). 


The ratchet (ST-6) will now be held stationary 
until the drive shaft has turned about 80°. This 
will bring the engine from 3° to 5° past, the firing 
center, at which time the trip cam (ST-11) is in 
such a position as to disengage the ratchet catch 
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If these instructions are not clear, then put tl 
ratchet catch (ST-13) out of engagement, and tin 
the magneto as usual. See Index under “Timi 
K. W. Magneto.” 


Example of a Tractor Engine 


The engine illustrated in Figs. 9 and 10 is th: 
of the Twin City tractor engine, as used on the ligh 
duty tractor (Fig. 4) 


Carburetion: Gasoline to start on and kerosen 
alcohol, distillates of 42° Baume or higher, and flas 
point of not over 120° F. 


Fuel tanks: Kerosene, 33-gallon; gasoline, 3-gz 
lon. A Stewart vacuum system is used. 


Fig. 8. The K. W. impulse starter is located between the 


magneto drive and the armature. When the engine is cranked, Cylinders: 4, L-type, 5’’ bore yi x 

the armature is held stationary, while energy is being stored in y : ype, 5” bore x 774" stroke. 

the compression spring, which is then tripped. Speed of engine, 650 to 750 r.p.m. 

(ST-13), thus allowing the magneto rotor to fly for- Valves, on the side. 

ward at a high rate of speed, creating a hot spark Ignition, K. W., magneto model “TK,” enclos 


in the cylinder under compression, thus firing the 


engine, no matter how slowly the flywheel is turned vype. 
over. See also page 938 for the Waukesha engine. 


Fig. 9. Valve, exhaust and inlet side: (C) clutch member on flywheel (F); (K) valve covers; (H) carb . i i 
around one branch of exhaust manifold which heats mixture; (J-E sxhau! ani XG) carburetor Os 
See atope rane). gt er hetat : mater ure; (J-E) exhaust manifold; (G) governor—the lever operates 


Fig. 10. Magneto and lubricating side: (M) mazneto, K W. hist i 
; ing : sheton KW Rivne ni great? 1 
in gear case (H); (O) force feed lubricator driven by belt (B) (cee Sa ATOre EE anal ob ae 


(R) breather pipe; (Y) hand-hole plates to reach beari i i 
Ch pe ue ee earings, and through which pistons and connecting rods can be remo 


duced 
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CARBURETION FOR TRACTOR ENGINES 


As previously stated, many tractor engines use 
gasoline to start on and kerosene to run on. Very 
few tractors operate on kerosene alone with any 
degree of satisfaction. It is practically impossible 
to start an electrically ignited engine with kerosene 
when the engine is cold. Kerosene does not give 
off vapor until heated nearly to the boiling point of 
water—it must be heated and kept heated, other- 
wise it will condense. 


Kerosene needs more than a heated carburetor— 
the mixture itself must be heated to prevent con- 
densation in the manifold. 


The consequences attending the use of kerosene 
and the resulting condensation are described by a 
manufacturer as follows: “If kerosene is used, it 
will be absolutely necessary that the oil in the 
crank case of the engine be changed after every 20 
hours of running.’”’ ‘This is due to the fact that the 
kerosene condenses if not properly heated, and 
mixes with the lubricating oil and thins it down to 
such an extent that it loses its lubricating qualities. 

Experiments conducted by the Holley Co. bear out the fact 
that once the kerosene has been thoroughly vaporized (heated) 
and mixed with a sufficient quantity of air to take the vapor by 


means of heat applied in the proper manner, it is possible to 
carry the charge several feet without experiencing condensation. 


When the engine smokes excessively from the 
exhaust, and the smoke is black, this indicates that 
the fuel is not being properly combusted, either as a 
result of feeding too great a quantity at the carbure- 
tor or of not being properly vaporized. 


Examples of gasoline-kerosene carburetors are 
given below. 


Schebler Kerosene Carburetor—Single Type 


Schebler model ‘‘D” (single) carburetor: The 
successful use of kerosene is not a problem of the 
carburetor alone, but involves both the carburetor 
and a proper design of the engine. 


It is absolutely necessary, and must be under- 
stood, that kerosene can be burned only with the 
application of the proper amount of heat. 


It is also advisable on some sizes of engines to 
heat the incoming air to the carburetor, and we find 
that it is rarely the case that too much heat can be 
applied to the air supply. 


£X pees 


Fig. 11. The Schebler model “‘D” “‘single’’ carburetor, 
with special water throttle for use with kerosene on tractors and 
stationary engines. 


The intake manifold must be kept as hot as pos- 
sible, preferably by the exhaust heat, for if heat is 
not applied, there will be a precipitation on the walls 
of the manifold. 


Heat on the manifold is necessary for two reasons: 
First, to aid evaporation of the heavier parts of the 
fuel; second to neutralize the refrigeration pro- 
by the evaporation, so that the incoming 


charge of gas introduced into the engine is in an 
intimate mixture and at a uniform temperature. 


_ Note. Refrigeration is caused by the fact that as the fuel 
is drawn through the inner pipe, heat is required to evaporate 
it; consequently heat is drawn from the pipe, leaving it cold. 
Evaporation then stops. For this reason extra heating is 
supplied. 


Users of kerosene have always found it advisable to use 
water to prevent pounding under heavy loads. Moreover, 
water injection prevents excessive deposits of carbon. In this 
water or kerosene throttle attachment, there is a small hole in 
the carburetor side of the throttle, through which may be 
introduced a stream of water controlled by any suitable type of 
needle valve. While the engine is pulling a load, this needle 
valve, which controls the supply of water from any suitable 
source, should be opened only sufficiently to remove the pound. 
When the engine is stopped, the water must be shut off. Tho 
engine must be started and warmed up on gasoline, and can then 
be switched over to kerosene. 


Kingston Dual Carburetor 


The Kingston dual carburetor was designed for 
handling kerosene and some of the lower grade dis- 
tillates. 


Fig. 12. Kingston dual carburetor for use with two kinds 


of fuel. 


In construction, it is a dual combination of the 
well-known ‘Kingston enclosed-type model,’ one 
side being adapted for the use of kerosene or distil- 
lates, the other for gasoline, which may be used for 
starting or continuous running, as the operator may 
choose, either unit being brought into communica- 
tion with the manifold and motor through the 
agency of an integral three-way valve. Both units 
are subject to individual adjustments, therefore 
may be operated on either fuel. 


Switching from one fuel to the other is accom- 
plished by means of a single lever, which may be 
connected to a point convenient to the operator. 


Should water be required, the small valve shown 
in Fig. 13 may be used with good results, and is very 
simple, having but one adjustment which controls 
the amount of water admitted to the mixture. 


It is entirely automatic, admitting water only 
when needed. 


In operation, the engine is started on gasoline 
and is allowed to warm up sufficiently to permit of 
kerosene or distillate being used, at which time the 
fuel switch or three-way valve (31) (Fig. 18) is 
turned to its corresponding position. Should the 
engine fail to maintain its cycle (due to lack of suffi- 
cient heat having been generated), the switch should 
be immediately returned to the gasoline side and 
more time allowed for the warming period. With 
sufficient heating facilities this should not exceed. 
three or four minutes, 
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The following installation is recommended: 
Pre-heated air to the intake of each carburetor. 


The kerosene side requires a much higher tem- 
perature than the gasoline side; therefore the collec- 
tor around the exhaust manifold should be liberal. 
Care should be taken to provide openings totaling 
at least one and one-half times the area of the car- 
buretor intake, and should be so located that the 
greatest amount of air shall pass over the heated 
surface of the exhaust manifold. 


Exhaust jacketing the intake manifold through- 
out its entire length, if possible, or at least a gener- 
ous portion leading from the carburetor, including 
the first bends. 


Applying heat directly to the fuel line near the 
carburetor assists materially. 


The temperature of the fuel in the bowl should 
not, however, exceed 100° F. 


Action and Principle of Kingston Dual 
Carburetor 


Fuel is admitted into the cup at fuel connection 
(A) and continues to flow until valve (B) is seated, 
owing to the buoyant action of float (C). 


THROTTLE © 
LEVER 


Fig. 138. 
carburetor. 


Top and side sectional views of the Kingston dual 


Attention is particularly called to the shape of 
spray nozzle (D), which forms a cup around needle 
valve (E) above its seat, the fuel level being 1/16” 
below its top. 


For starting, this excess of fuel is drawn up with 
the constant air, and furnishes a very rich charge 
for starting. 


At higher speeds this cup becomes empty; the 
supply is then drawn from and regulated by the 
adjustment of needle valve (E) at its seat. 


Both constant and auxiliary air is drawn from a 
common source, passing by the controller, or (choke) 


throttle (F), located in the air opening, after which 
it divides, the constant air passing down through 
the constant air passage and up through the venturi 
tube, at which point it becomes thoroughly impreg- 
nated with the gasoline spray drawn from nozzle 
(D). It then continues upward, combining with 
the auxiliary air which has been admitted through 
the bronze ball ports (G), these balls lifting automat- 
ically in correct proportion as the engine speed varies. 


These balls (auxiliary air controllers), after being 
drawn from their seats, as a result of the vacuum 
(or suction), remain floating in the air until the 
engine speed is reduced sufficiently to permit them 
to return again to their seats. The controller or 
(choke) throttle (F) is so placed that it is possible 
entirely (or nearly so) to cut off the source of air, 
thus producing a strong vacuum (or suction) at the 
venturi tube, and thereby obtaining a very rich 
mixture for starting purposes in low temperature. 


The stop valve at each of the supply tanks should 
be shut off when the tractor is not being operated. 
The float valve in the carburetor might stick or fail 
to keep the supply of fuel to the bow] or float cham- 
ber cut off. This would mean that the carburetor 
would flood and the fuel would run out and be 
wasted. 


For tractor use: Fuel must be connected to both 
bowls from both tanks when operating the tractor. 


Air washer: The Kingston carburetor (Kokomo, 
Ind.) uses an air washer, called the Bennett, type 
manufactured by Wilcox-Bennett Co., Minneapolis, 
Minn. 


The Fuel System as Used in the Fordson 
Tractor 


Kerosene as a fuel is desirable on account of its 
low cost, as compared with gasoline. One of the 
main difficulties to overcome is the fact that kero- 
sene is less volatile (is harder to evaporate) than 
gasoline, consequently it is found to be helpful to 
preheat the kerosene before it enters the cylinders. 
Another essential is the use of clean air, and the 
addition of moisture to the air materially aids the 
operation of the engine by preventing preignition. 


Slight alterations in the engine design are neces- 
sary for the use of kerosene. This is the result of 
the experience of the Holley Co., which manufac- 
tures the kerosene vaporizer to be described. On 
the average engine, a compression of about 55 lbs. 
per square inch is best for kerosene. 


Notable Features of Holley Vaporizer 


The outstanding features of the Holley vaporizer 
are: 


1. The amount of heat (used to preheat the kero- 
sene vapor) can be regulated. 


2. The coils in which the kerosene vapor is heated 
are made of very thin-walled brass tubing, thus 
effecting quick results. 


3. Only one float chamber is necessary. 


How the System Works 


A diagram sketch of the entire fuel system is 
shown in Fig. 14. 


Air washer (M): Air from the atmosphere enters 
at the bottom of the air washer (M) and passes into 
guide (P) which is closed at the top. Therefore it 
must come out at the bottom of the guide which is 
maintained below the water level by float (J). 
The air then bubbles through the water and is 
washed, and absorbs moisture. 
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Fig. 14. The fuel system as used on the Fordson tractor. 


The absorption of moisture causes the water level 
to go down, carrying the float and guide with it. 
When the tank is nearly empty, the top of the guide 
(P) closes down on surface (Q), thus shutting off 
the air. The engine stops and the driver knows 
that he must put more water in the washer. 


The flow of air is caused by the suction stroke of 
the engine cylinder. 


When starting the engine, turn shifter valve (E) 
to the position shown in lower sketch. This will per- 
mit the gasoline to flow through a spray nozzle (not 
shown), then into the mixing chamber (F), where it 
ig mixed with air, the mixture passing through 
throttle (X) to the engine. 


In cold weather, the choker (H) may be closed, 
thus causing a rich mixture. 


After the engine is warmed up, turn the shifter 
valve to the position shown in main sketch (Fig. 14), 
thus permitting the kerosene system to operate. 
Raw kerosene from tank (Z) flows into the float 
chamber (S), where its speed is regulated, and then 
through spray nozzle (R), where it is mixed with 
about 10 per cent of the necessary air, the air com- 
ing down the primary tube (Y). The resulting 
kerosene vapor passes into coils (T TD): 


The shunt valve being open permits the hot 
exhaust gases to pass into the heating chamber (B), 
therefore directly over the coils (TT), thus pre- 
heating the kerosene vapor. The warm vapor then 
passes through the shifter valve (E) and into the 
mixing chamber (F), where it is mixed with the 


remaining quantity (about 90 per cent) of air neces- 
sary for combustion. The resulting mixture passes 
through throttle (X) and into the engine. 


Exhaust shunt valve (C): During starting, when 
the engine is running on gasoline, the exhaust gases 
must not pass directly over the coils (TT). To 
avoid this, the exhaust shunt valve (C) is closed to 
position shown in the lower sketch. The exhaust 
gases cannot now enter the heating chamber (B), 
but will pass through the valve and thence to the 
muffler. The metal in the valve protects the coils 
from intense heat. 


In very warm weather, it is sometimes advisable 
to close the exhaust shunt valve partly. 


Automatic air valve (W) is for the purpose of 
regulating the quantity of air according to the speed 
of the motor. As the speed increases, the valve 
opens farther, allowing more air to flow to the mix- 
ing chamber (F). It is entirely automatic, and is 
not controlled by the operator. 


The actual shape of the Holley kerosene vaporizer 
is shown in Fig. 15 (page 990). 


The figure is lettered to correspond to the lettering 
of the diagram (Fig. 14). 


The exhaust shunt valve is controlled by lever (D). 
The heating chamber (B) has an extension (A). 


The quantity of kerosene entering the spray 
nozzle (R) is controlled by the needle valve (N) 
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Holley kerosene vaporizer. 


FORDSON TRACTOR 


A tractor is a “hard puller.” It is designed for 
the purpose of pulling heavy loads at slow-speeds 
over almost any kind of ground. 


The Fordson tractor is manufactured by the Ford 
Motor Company, Detroit, Mich. 


From an engineering standpoint, the Fordson 
tractor differs, and possesses characteristics which 
distinguish it from others. 


Specifications 


Price f.0.b. Detroit, $395.00. 

Engine: Four-cylinder; cylinders cast en bloc; E 
stroke 5”; extra large bearings throughout; all bearings 
burned in. 

Lubrication: Splash system; oil circulation is maintained by oil 
thrown off the flywheel by centrifugal force; capacity of 
oiling system, 214 gals. 

Cooling: Thermo-syphon system; radiator is of vertical-tube 
type, and is cooled by a fan, 

Fuel: Engine is started with gasoline from a two-quart gasoline 
tank; once started, the engine is operated by kerosene 
from 21-gallon kerosene tank; fuel supplied by gravity feed. 

Air washer: The air supply is drawn through water which 
removes all dust, thus reducing wear on the cylinder walls. 

Transmission: Constant mesh selective type, three speeds for- 
ward and one reverse; all shafts run on ball bearings, 

Clutch: Multiple disk, running in oil. 

Front axle: Drop-forged and heat-treated; it is attached in 
the center directly to the front of the engine, giving three- 
point suspension to the tractor. 

Steering is through a bevel-gear sector and pinion, with a ball- 
end drop arm connecting through a large rod to the front 
axle cross-arm; system is fore-and-aft type. 

Wheels: Front wheels have steel spokes cast in the hub and 
riveted to the rim, 


Rear axle: Semi-floating, four-pinion differential running on 
ball bearings, 

Belt pulley: Special fibre paper construction, does not require 
refacing, and prevents slipping of drive belt (optional), 

Performance: Size of thresher 20” x 36’; plows, 2-14”; aver- 
age work, 6 acres in 10 hours. 

Turning circle: 21-foot radius. 


Data 


Weights: Weight of tractor less driver water, oil, and lugs, 
2,425 lbs.; total weight of tractor, including all liquid supplies 
and 150 Ib, driver, 2,920 lbs.; distribution of weight, front 
wheels 1,063 lbs., rear wheels 1,857 lbs.; weight of engine with 
vaporizer and coils, 661 lbs. 


bore 4”; | 


Dimensions: Wheel base, 63”; distance between front rims, 
401%”; distance between rear rims, 373%’; width of front 
tim, 5”; diameter of front rim, 28’; width of rear rim, 12”; 
width of extension rim, 7” (for light soil); diameter of rear 
rim, 42” (3” cleats riveted on rim); overall length of tractor, 
102”; overall width of tractor, 6134”; overall height of trac- 
tor, 5434”; ground clearance, 1154”, lowest point being the 
flywheel housing; height of draw bar from ground, 12”; lateral 
adjustment, 7’; vertical adjustment, none. 


Engine: L-head type with detachable cylinder head; has 4 
cylinders and 8 valves; firing order, 1, 2, 4, 3. hree main 
bearings, 2’’ diameter by 3” long; connecting-rod bearings 2’ 
diameter by 214” long; pistons have 3 rings each; piston clear- 
ance, top .0150”, bottom .0045”; piston displacement, 251.3 
cu. in.; oil system capacity, 214 gals., using heavy gas-engine 
oil; temperature of oil when pulling steady maximum load, 
150° to 200° F, 


Cooling: Fan, 18” ball-bearing belt-driven; water capacity, 
12 gal.; vertical tube radiator. 


Ignition: Current supplied by flywheel magneto; there are 
16 magnets clamped to the flywheel which rotate behind the 
stationary armature; voltage of magneto varies with speed of 
engine; a high-tension coil is used; the timer and distributor 
(commutator) are fastened on the end of the cam shaft. 


Carburetion: See description of Holley vaporizer on page 988. 
Air washer: Float type, 7-quart capacity. 


_ Clutch has 17 hardened disks running in oil; spring pressure 
is 900 Ibs. total, or 3.41 lbs. per sq. in.; lubricated by oil in the 
crank case. 


Transmission gears: Speeds based on 1,000 r.p.m. of engine. 


Final Worm Axle 
Gear Ratio | R.P.M. | R.P.M, | Tractor Speed 
Lowes cme: 84,28 207.6 11.86 1.48 M.P.H. 
Intermediate. .| 45.7 382.3 21.85 2.73 M.P.H. 
Eich sem aes 18.26 958.3 54.76 6.84 M.P.H. 
Reverse......| 47.76 366.4 20.9 2.61 M.P.H. 


when pulling steady maximum load, 175° to 250° F 


Worm: Of undermounted type; it has two threads (see 
Index under ‘(Worm gears’’); it is made of chrome vanadium 
steel; the worm shaft is Sunpor ed at the rear end by a duplex 
ball bearing which withstands both radial and end thrusts. 


Worm gear (worm wheel): Made of alumi Bn 
fe Sree ) of aluminum bronze; it 


Belt pulley: Width, 6% ’; diameter, 914”; spiral-bevel | 
gear drive from transmission drive shaft; belt speed, 2,480 ft. 


per minute at 1,000 r.p.m. of engine Ford dat: i 
the belt horsepower as 18). ¥ ‘ ataiebest ee 


Lubricant, heavy gear oil, capacity 334 gals.; oil temperature 
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Description of Fordson Tractor 


As already stated, the purpose of a tractor is to 
poll heavy loads at slow speeds over almost any 
ind of ground. 


Energy is put into the tractor in the form of kero- 
sene. The vaporizer and mixing chamber change 
this kerosene into a combustible gas by mixing 1t 
with clean moist air from the air washer. The 
engine burns this gas and converts it into mechani- 
cal energy, causing a rotation of the crank shaft. 
This power is passed through the clutch and is 
delivered to the transmission, where the speed of 
rotation is changed or the direction reversed. The 
power is then delivered to the worm drive, which 
further reduces the speed of rotation, and, by means 
of the rear axle shafts, turns the rear wheels, thus 
causing the motion of the tractor. 


is disengaged. When engaged, it first slips a trifle, 
thus permitting the motion of the engine to be 
gradually imparted to the transmission and remain- 
ing portions of the machine, and consequently no 
jerk occurs. 


The operation of the clutch is as follows 
(Fig. 16): The gradual ‘take up” of the load is 
effected by friction between several disks. The 
driving disks are fastened to the flywheel by six 
studs. The driven disks are keyed to the transmis- 
sion through the clutch drum. When the clutch 
pedal is allowed to rise, the clutch springs are per- 
mitted to press on the clutch drum, thus pressing 
the disks together and therefore making a connec- 
tion from the engine to the transmission drive shaft. 

Rear axle: The rotation from the transmission is 
reduced in speed and imparted to the rear wheels by 
the rear axle. The principal parts are, the worm, 
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Fig. 16. Sectional view of Fordson tractor. 

The crank case, gear box, and axle housing serve 
as the frame of the machine. 

The engine is similar in design to that of the Ford 
model “T”’ (see Index under “Ford model T”’), the 
main differences being as follows: 

1. The bore and stroke of the engine are greater 
than in the model ‘‘T.” 

9. The water connections between the radiator and 
the water jacket are effected with iron connectors 
instead of with rubber hose, as in the model A gs 

3. The fan is larger, runs on ball bearings, and is 
supported by a bracket from the upper water 
connector, instead of from the cylinder block, 
as in the model “‘T.” 

4. There is no removable plate in the bottom of 
the crank case to permit access to the connecting 
rods, it being necessary to remove the entire 
crank case for this purpose. 

The ignition is similar to that of the Ford model 
“T”” (see Index). 

Carburetion is obtained by Holley vaporizer (see 
page 988). 

Transmission is for the purpose of driving the 
tractor at various speeds according to the class of 
work to be done. This device also permits the 
tractor to be reversed. These speed variations are 
obtained by engaging different sets of gears (G) 
(Fig. 16). 

Clutch: The clutch is inserted between the engine 
and transmission, and permits the engine to be com- 
pletely disconnected from the transmission when it 


The drawbar cap is shown in the extreme rear. 


the worm wheel (gear), the differential gears and 
pinions, and the rear axles as shown in Fig. 16. 
The worm is connected directly to the transmission, 
and, owing to the engagement of its threads with the 
teeth of the worm wheel, it causes the latter to 
rotate. The rotation of the worm wheel can be 
imparted to either of the rear wheels or to both, 
in any desired ratio, the parts effecting this result 
being the differential gears and pinions. Thus it 
is possible to turn the tractor. 


Operating Instructions 
Always hitch to the draw-bar cap (Fig. 19), 
never to the rear axle housing. 
To operate the tractor, proceed as follows: 


1. Fill the radiator with as clean water as it is 
convenient to get. 

2. Lubricate thoroughly (see section on ‘Jubrica- 
tion” farther on). 

3. Fill the air washer with clean, fresh water until 
it runs out of the filler hole. 

4. Fill the fuel tanks with clean fuel that is free 
from water. 

5. For operation of the vaporizer, see page 989. 

6. See that the gear shifter is in neutral position 
(Fig. 17). 

7. Lift the spark lever (on the dash) to the third 
or fourth notch from the bottom. 

8. Open the throttle (under the steering wheel) 
one-third of the way toward the driver. 
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9. Crank the engine by lifting upward. 

10. After the engine starts, advance the spark until 
the engine runs at the maximum speed without 
knocking. 

11. Always release the clutch before attempting to 
shift the gears. Select the speed desired and 
shift to this speed immediately. The various 
gear-shift positions are shown in Fig. 17. 


INTERMED- 
WATE 
LOWING) 


Fig. 17. Gear-shift positions of Fordson Tractor. 


12. The speed of the engine is controlled by the 
throttle. The engine should never be run at 
speeds greater than 1,000 r.p.m. This speed 
can be judged by watching the rear wheels. 

In low gear the rear wheels turn 12 times per 
minute. 

In intermediate gear they turn 22 times per 
minute. 

In high gear they turn 54 times per minute. 

In reverse they turn 21 times per minute. 


13. To stop the tractor, partly close the throttle us 


push down on the clutch pedal, shift gears to 
neutral, release the clutch pedal, turn off the 
fuel at the sediment bulb, and the engine will 
stop. In cold weather, it is sometimes a good 
idea to turn the shifter valve to gasoline; 
then pull out the choker, and the engine will 
stop, the cylinders being filled with a rich gaso- 
line mixture, thus facilitating the next start. 
14. The radiator can be filled with cold water when 

the engine is hot, providing the top tank (Fig. 
16) isnot empty. To prevent freezing of water 
in cold weather, the following solutions of wood 
or denatured alcohol should be used: 

20 per cent solution freezes at 15° above zero 

30 per cent solution freezes at 8° below zero 

50 per cent solution freezes at 34° below zero 


DYKE’S INSTRUCTION No. 77 


The fins of the radiator and the outside of the 
tubes should be kept reasonably clean. 


15. The air washer should be flushed out daily 
through the drain cock on the side. 


16. If it is desired to run the tractor on gasoline 
instead of kerosene, the gasoline should be put 
into the main fuel tank, and the exhaust shunt 
valve (C) (Fig. 15, page 990) should be kept at 
the ‘‘off”’ position. 


Lubrication 


The engine: The engine is lubricated by the 
splash system. Heavy, high-grade motor oil should 
be poured through the strainer in the breather pipe 
at the left side of the engine until the level in the 
crank case reaches the upper pet cock at the side of 
the crank case. When the tractor is being run con- 
tinuously, the oil should be drained through the 
drain plug underneath the crank case every week. 
Flush the case with a quart of kerosene; then refill 
with motor oil to the level of the upper pet cock. 
Under no circumstances should the oil be permitted 
to reach a level below the lower pet cock. Tests 
should be made with the tractor on level ground. 


The transmission and rear axle are both lubri- 
cated from the same case. Heat heavy fluid gear 
oil to about 100° F. With the tractor on level 
ground, pour this warm oil through the filler hole 
in the gear-shifter cover until it reaches the level of 
the filler hole. Plenty of time should be allowed 
to permit the oil to reach the worm-gear drive. 
The system holds 334 gals. 


When the tractor is operated continuously, the 
oil should be drained every two weeks. This is 
done through the drain plug underneath the hous- 
ing. Flush out with a quart of kerosene, and refill. 


The commutator (timer): Put a little oil into 
the commutator twice daily. 


The rear-axle roller bearings should be oiled 
through the plugs with heavy fluid gear-oil weekly. 
The felt washer at the end of the axle shaft should 
be replaced when dirty. Remove the rear wheels 
(the method is explained under “Repairs”’) below; 
then pry off the steel cover with a screwdriver, after 
which the felt can be taken off, 


The steering joints and front-axle trunnion should 
be oiled daily with heavy motor oil. 


The grease cups on the steering spindles should 
be given a few turns daily. 


The fan should be oiled weekly with heavy fluid 
gear-oil. 


REPAIRS ON THE FORDSON TRACTOR 


Tools for disassembling and assembling various 
parts of the tractor are essential. The socket type 
shown in Fig. 18 is an efficient set designed for use 
on the Fordson tractor. 


The Engine 


Engine: To remove the cylinder head, (1) drain 
the radiator through the pet cock; (2) shut off the 
fuel at the sediment bulb and remove the fuel tank; 
(3) disconnect the wires from the engine and take 
off the coil box (the timer wires should not be dis- 
’ connected from the commutator case, but the case 
should be removed with them); (4) disconnect the 
cylinder-head from the radiator connector (C) (Fig. 
16); (5) remove the cylinder-head cap screws, after 
which the cylinder-head can be lifted off ; be careful 
not to damage the cylinder-head gasket; (6) when 
replacing the cylinder head, clean the surfaces well, 


turn the engine till Nos. 1 and 4 pistons are at top 
of stroke, replace the gasket, and pull down the cap 
screws tightly. When the gasket becomes hard, it 
should be replaced with a new one. 

To remove the crankcase: (1) drain the oil from 
the engine; (2) remove the radius member (Fig. 19); 
(3) remove the crank-case bolts, and take down the 
crank case, being careful not to let it fall. 


To remove connecting rods and pistons: (1) 
temove the cylinder head and crank case (see above); 
(2) disconnect the connecting-rod_ bearing caps, 
being careful to note their position (light file marks 
on the connecting rod and bearing caps will help 
you); (3) remove the piston with the connecting rod 
through the top of the cylinder. 


_To fit new piston rings (see Index under “Fitting 
piston rings’), 


Valve timing: Valves have a 5/16” lift. 
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“> No.85 Set - Forpson Tractor 


Fig. 18. Walden No. 85 Fordson tractor socket-wrench set: 
(850) wrench for adjusting fan nut and screw; (851) for clutch- 
shaft nut; (852) for clutch-housing bolt; (853) for crank-shaft 
cap and main bearing nuts; (854) for gear-shifter plate cap 
screw; (855A) for front-wheel spindle nut; (855B) for dif- 
ferential housing; (856) for crank-case bolt and nut. 
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Fig. 19, Top view of Fordson tractor. 
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Fig. 20: Valve-timing diagram, showing the position of the 
piston and the crank shaft at the opening and closing of the 
valves. As in timing the model ‘‘T,” it is recommended that 
the valves be timed by the piston travel. 


The inlet opens 10° past upper dead center, with 
the piston 1/64’’ above the top of the cylinder; the 
inlet closes 40° past lower dead center, with the 
piston 414” to 4 15/32” below the top of the cylinder. 
The exhaust opens 30° ahead of lower dead center, 
with the piston 4 11/16” to 434” below the top of 
the cylinder; the exhaust closes on upper dead 
center, with the piston 1/16” to 5/64” above the top 
of the cylinder. The tappet clearance is .007” to 
022”. 


Grinding valves (see Index under ‘Grinding 
valves’”’). 


Worn valves or push rods should be replaced with 
new ones. 

Removing carbon (see page 763, under “Removing 
carbon”). 

To tighten connecting-rod bearings by removing 
shims (see page 799). 

To tighten the main crank shaft bearings by 
removing shims (see page 783). 


To Remove the Engine from the Transmission 


1. Drain the crank case of oil. 
2. Drain the water from the radiator and jackets. 


3. Shut off the fuel at the sediment bulb, and 
remove the fuel tank. 

4. Remove the air washer and gasoline tank. 

5. Disconnect the steermg arm from the drag 
link (Fig. 19). 

6. Disconnect the control rods from the vaporizer 
and. commutator. 


7. Remove the dash; there are four cap serews 
holding it to the transmission housing. 
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Fig. 21. Showing the method of removing the engine from 
the transmission housing. 


8. Block up the transmission housing and the 
engine, as shown in Fig. 21. 


TRUNION BEARING 


AND PIN CONNECTING t— 54 ——I1 
TRACTOR TO FRONT AXLE 54 
Fig. 22 Fig. 23 


Figs. 22, 23. Method of blocking up the engine before 
removing it from the transmission housing. 


9, Avoid rocking of the engine by placing wedges 
(Fig. 23) between the front axle and the cylinder 
front cover, as shown in Fig. 22. 

10. Remove the bolts holding the engine to the 
transmission housing. 
11. Pull apart, as shown in Fig. 21. 


Gaskets: Where paper gaskets are used, it is 
best to make new ones before replacing the parts. 


Radiator 


A small leak may be temporarily repaired with 
white lead or brown soap, but should be soldered as 
soon as possible. 


To remove: (1) drain off the water; (2) remove 
the cap screws which hold the radiator to the front 
cylinder cover; they are underneath the bottom 
tank; (3) disconnect the fuel-tank strap from the 
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radiator cover; (4) disconnect the radiator from 
the top tank by removing the four cap screws under 
the top tank; (5) lift off the radiator. 


Fan Belt 


To tighten: (1) remove the cotter pin from the 
nut at the rear of the fan shaft; (2) loosen the nut); 
(3) the belt can then be tightened by turning the 
square end of the shaft with a wrench; (4) holding 
the shaft in this position, tighten the nut with 
another wrench; (5) replace the cotter pin. 


Fuel System 


The vaporizer has but one adjustment; that is 
the needle valve (N) (Fig. 15, page 990). When 
the tractor is running, make adjustment as follows: 


1. Retard the spark lever to the fourth notch. 
2.. Screw up the needle valve (N) until the engine 
begins to misfire. 
3. Gradually unscrew the needle valve until the 
engine attains maximum speed and no smoke 
comes from the exhaust. 


Dirt in the shifter valve can be removed as 
follows: (1) remove the shifter-valve cover; (2) 
set the valve in gasoline position; (3) insert fine wire 
into the passage. 


Dirt in'the kerosene spraying nozzle is removed as 
follows: (1) remove the plug which screws into the 
float chamber just under nozzle; (2) clean and re- 
place. 


Throttle adjustment is obtained by adjusting the 
screw (see Index). 


Ignition System 


Repairs on the ignition system are made in a 
manner similar to those on the Ford model “T” 
(see Index). 

When replacing the coil units on the Ford tractor, use regular 
tractor coils which are marked on the front of the unit: ‘“‘Tractor 
Unit.” These coils are equipped with special vibrator points 
designed for high-speed, heavy duty work. The coils are also 
fitted with a special composition to withstand the high temper- 
ature developed by continuous service. Do not use model 
“YT” coil units on the Tractor. 


Clutch 


No adjustment is necessary. If the clutch slips, 
the springs (1) (Fig. 24), or the plates (2) and (3) 
(Fig. 24) should be replaced. If the clutch fails to 
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HOUSING FRONT ~” (Disc) DRIVEN & tM REAR a 
Fig. 24. Clutch assembly of Fordson tractor. 


release, the plates are probably bent and should 
be renewed. 


To remove and disassemble clutch: (1) remove 
the engine from the transmission housing, as de- 
scribed above; (2) remove nut (7) (Pig25)? (8) 
pull the clutch from the transmission drive shaft : 
(4) provide a means of gradually releasing the 
clutch spring tension, such as a bolt and nut (Fig. 
26), or (C) clamps (Fig. 27); (5) disconnect the 
front from the rear clutch housing by removing the 
eight bolts which pass through holes (8) (Fig. 26); 
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Fig. 26 


Fig. 25. Method of removing clutch nut. 
Fig. 26. Method of gradually releasing clutch-spring ten- 
sion. 


Fig. 27 
Fig. 27. Another method of releasing clutch-spring tension. 
Fig. 28. Method of removing clutch housing. 


(6) gradually release the clutch-spring tension by 
the means provided; (7) remove the housing, as 
shown in (Fig. 28). 


Transmission 

To remove the transmission gears: (1) remove 
the engine from the transmission housing, as de- 
scribed above; (2) drain the transmission housing 
through the plug under the gear-shifter cover; (3) 
remove the gear-shifter cover from the transmission 
housing by unscrewing the four cap screws which 
hold it; (4) remove the clutch, as described above; 
(5) remove the eight cap screws (T) (Fig. 16); (6) 
pull on the drive shaft of the transmission, thus 
removing the transmission plate and the lower 
transmission shaft in one unit; (7) remove the upper 
transmission shaft with the gears; (8) when replac- 
ing the ball bearings, the stampings on the outer 
rings must face the ends of the shaft. 


Rear Wheels 


To remove the rear wheels do the following: 
On the rear wheel hubs, there are four bolts passing 
through the wheel bushings. Between each pair 
of bolts is a tapped hole. 


1. Jack up the rear wheel. 

2. Unscrew the four hub bolts. 

3. Screw two of them into the tapped holes men- 
tioned. 

4. Screw up equally, thus drawing out the bushing 

- until the wheel is free. 

5. ae the bushing off the axle with the hooked end 
of bar No. 855-B (Fig. 18). 

8. When replacing, the four bolts are screwed into 
their correct positions by drawing them up 


equally until the wheel is flush with the end of 
the axle. 


Rear Axle 


_ To remove the rear axle: (1) drain the transmis- 
sion housing through the plug under the gear-shifter 
cover; ) remove the rear wheels as described 
above; (3) remove the twelve cap screws (B) (Fig. 
21) from each rear axle housing; (4) draw off the 
axle housings; (5) remove the rear axles and the 
worm wheel with the differential as one complete 
unit; (6) take out the bolts which pass through 
holes (A) (Fig. 29); (7) pull the housings apart, 
thus exposing the parts as shown in Fig. 29. 
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(D) (Fig. 16); (5) place paper gaskets on the pulley 
housing; (6) insert the pulley attachment in such a 
manner that the hole in the housing points down, 
so that the oil drains back into the transmission; 
(7) tighten up the six cap screws, (8) test the pulley 
with the hands for slight backlash (play); (9) if 
there is none, more paper gaskets must be inserted; 
(10) if there is too much, remove some of the 
gaskets. Gear (B) (Fig. 30) (below) is meshed with 
gear (D) (Fig. 16, page 991). Thus with gear shift in 
ne ral belt pulley can revolve without driving 
ractor. 
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Fig. 29. 


To remove the differential gear (B) (Fig. 29): (1) 
press the gear toward the wheel end of the shaft 
until locking ring (C) is exposed; (2) remove ring 
(©) j (3) press the gear off the differential end of the 
shaft. 


Front Wheels 


To remove the front wheels: (1) remove the hub 
cap; (2) jack up the front axle; (3) remove the 
cotter pin and nut from the wheel spindle; (4) 
pull off the wheel; (5) when replacing the wheels, 
see that the stampings on the outer rings of the 
roller bearings face each other. 


Roller bearings of front wheels: The cups should 
be a good press fit into the hubs. The cones should 
be an easy free fit on the spindles, so that they may 
turn on them. To adjust the bearings, draw up 
the wheel nut until the wheel binds. Then back 
off one-third or two-thirds of a turn, so that the 
wheel turns freely but has no end play. 


Front Axle 


To remove the front axle: (1) jack up the front 
of the tractor; (2) remove the front wheels as de- 
scribed above; (3) remove the drag link (Fig. 19) 
from the steering arm; (4) remove the radius mem- 
ber (Fig. 19) from the crank case; (5) remove the 
front axle trunnion pin (Fig. 22) and the front axle. 


To straighten the front axle, do not heat, but 
straighten cold. 


Steering Gear 


To tighten the steering gear: (1) remove the 
sockets from the ball joints at the end of the drag 
link (Fig. 19); (2) file off these sockets; (3) replace; 
if the spindle pins are loose, the bushings should be 
renewed. 


Belt Pulley 


To install the pulley attachment: (1) block the 
tractor; (2) jack up the tractor under the right 
side of the draw-bar cap (Fig. 19); (3) remove the 
right rear wheel, as described above; (4) remove the 
foot bracket and see that the tractor 1s equipped 
with the transmission drive-shaft spiral bevel gear 
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Differential and rear-axle assembly of Foydson tractor. 


BELT PULLEYS 


if 1, 


! 


lj)! 


Fig. 30. Belt pulley for Fordson tractor. 


Engine Troubles and Causes: Fordson Tractor 


Engine fails to start: 

Gas mixture too lean, or poor grade of gasoline. 

Water in fuel. 

Vibrators adjusted too closely. 

Water or congealed oil in commutator. 

Magneto contact point obstructed with foreign matter. 
Gasoline supply shut off. 

Lack of water in air washer. 

Water frozen in bottom of gasoline tank. 

Water on spark plugs or wire terminals. 


Engine lacks power: 
Poor compression on account of leaky valves. 
Imperfect gas mixture. 
Spark plugs dirty. 
oil vibrator burned or improperly adjusted. 
Air leak in intake manifold. 
Weak exhaust valve spring. 
Too great clearance between valve stem and push rod. 
. Spark plugs dirty or points imperfectly adjusted. 
. Commutator contact imperfect. 
10. Burnt out vapor tube or coils (TT Fig. 14, page 989). 


Engine overheats: 

Lack of water. 

Lack of oil. 

Fan belt torn, loose, or slipping. 

Carbon deposit in combustion chamber. 

Spark retarded too far. 

Gas mixture too rich or too lean. 

Water circulation retarded by sediment in radiator. 
Dirty spark plugs. 

. Lack of water in air washer. 


Engine knocks: 

Carbon deposit on piston heads. 
Loose connecting-rod bearings. 
Loose crank-shaft bearings. 
Loose piston or piston pins. 

Spark advanced too far. 

Motor overheated. 

Gas mixture too rich or too lean. 
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INSTRUCTION No. 78 


MISCELLANEOUS ENGINES: Farm Lighting Plants; Two-Cycle Engines; 
Diesel Engines; Gas Producers 


THE DELCO-LIGHT PLANT 


This outfit consists of a gasoline engine of the 
four-cycle type, together with an electric generator 
of 32 volts, which is direct driven, as shown below 
(Fig. 1). A set of batteries (32 volts) is provided. 
The generator charges the battery in a similar 
manner to that in which the battery is charged on 
an automobile. An automatic cut-out is used 
which disconnects the battery from the generator. 


The gasoline engine runs the generator or dynamo 
which charges the batteries; thus the electric supply 
for lights, power, etc., is taken from the battery 
when the engine is not running. The manufacturer 
is the Delco-Light Co., Dayton, Ohio. 


Specifications of the Delco-Light Plant as 
Shown in Fig. 1 


Engine: Air-cooled, single cylinder; Delco-Light battery 
ignition; simple mixing valve; operates on kerosene, gasoline, 
or natural gas; self-cranking; stops automatically when bat- 
tery is charged; splash system of lubrication—one place to oil; 
height 30”; length, 25”; width, 20’; bore 214”, and 5” stroke. 


Generator: Direct connected to engine; for 32-volt service; 
full-load output, 850 watts. 


Switchboard: Mounted on generator frame. 
Battery (not shown); 160 ampere-hour capacity. 


ROCKER ARM 
EXHAUST VALVE 
LIGHT AND POWER WIRES 


BATTERY WIRES 
PUSH ROD ADJUSTMENT 


SPARK PLUG 
STARTING SWITCH 


HIGH TENSION LEAD 


AMPERE 
HOUR METER ¥y 


IGNITION COIL 


VALVE 
LIFTING CAMS 


BRUSH 


COMMUTATOR ( 
GENERATOR, 
COVER 


ARMATURE; 


, FIELD COIL 


NEW DEPARTURE) 
BALL BEARING 


OIL THROWING GEAR 


Rig, 1 


850-watt generating unit only; shipping weight, one crate 
25 lbs. 
No. 866: 850-watt plant with 160 A.H. battery (glass jar); 
shipping weight, five crates, 1,273 lbs. 
Uses: General farm, school, store, church, and country- 


home service, with sufficient power to operate motors up to 
34 h.p., when engine is running. 


Addresses of Manufacturers of Farm-Lighting 
Plants 


Cushman Motor Works, Lincoln, Neb. 

Delco-Light Co., Dayton, Ohio. 

Edison: Edison Storage Battery Co., 
Orange, N.J. 

Fairbanks, Morse & Co., 900 South Wabash Ave., Chicago, Ill. 

Globe Electric Co., 13 Keefe Ave., Milwaukee, Wis. 

Kohler Co., Kohler, Wis. ; 

Lalley Light Corp., 3171 Bellvue Ave., Detroit, Mich. 

Main Electric Company, Merion Bldg., Cleveland, Ohio. 

Matthews Engineering Co., 450 Monroe St., Sandusky, Ohio. 

National Electric Lighting Co., Wilton, Iowa. 

Phelps Light & Power Co., Rock Island, Ill. 

Regal Gasoline Engine Co., Coldwater, Mich. 

Stearns Motor Mfg. Co., Ludington, Mich. 

Sunbeam Electric Co., Morgan Ave.and Read S8t., Evansville,Ind. 

Nichols-Wright Motor Co., 38 Parkridge St., Buffalo, N.Y. 

Warnerlite Products Corp., 518 Harrison St., Davenport, Iowa. 

Western Electric Co., 195 Broadway, New York City, N.Y. 


195 Lakeside Ave., 
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Illustration showing the parts of the Delco-light plant (850 watt capacity; 32 volts), model 866. 
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MISCELLANEOUS ENGINES 


THE TWO-CYCLE ENGINE 


The two-cycle type of engine is especially adapted 
for small-powered launches, where light weight and 
medium power are the main requisites. 


The two-cycle engine is divided into three types: 
the “‘two-port,”’ which is adapted for slow speed; 
the ‘‘three-port” high-speed; and the combined 
“two and three-port,” suitable for power work. 


The fuels generally used are gasoline and kerosene, 
and on heavy-duty commercial boats a still lower 
grade of oil is used. On larger heavy-duty engines 
of this type, the four-cycle principle is generally 
employed. : 


The Two-Port Two-Cycle Engine 


The action of the two-port two-cycle engine is 
explained in the illustrations (Figs. 2 and 3). 


GAS PASSING FROM 
CRANK CASE\TO 
CYLINOER 


GAS BEING 
DEFLECTED UP 
BY DEFLECTOR'D’ 


BURNT GAS 
PASSING OUT 
EXHAUST PORT 


CHECK VALVE 
CLOSED. 


SEF A 


CPLA APD 


MUFFLER 


BYPASS 
ABYPASS 
SCREEN IS 


USUALLY 
PLACED PER 
ooT- . 


ASNVHXES 


Fig. 2. Two-port two-cycle engine. The piston is now at 
the bottom of its stroke. Notice that two actions are taking 
place: (1) gas is entering the cylindcr from the crank case 
through the “‘by-pass’’ port; (2) the combusted gas is passing 
out of the exhaust port. Thus we have intake and exhaust 
occurring simultaneously. 


EXHAUST PORT 


. Fig. 3. Note that the exhaust port on a two-cycle engine 
opens slightly before the eylinder inlet port or “by-pass’’ opens. 


100% 
INLET PORT TO 
CYLINOER CLOSED RARE 
NBER 
INLET PORT TAQ 
( K CASE OPEN, COMP- 
SS dae : ig RESSION 


EXHAUST 
CHECK VALVE SUCKED PORT 
OPEN BY “UP” MOTION m CLOSED 


OF PISTON. 


Fig. 4. The piston is almost at top of stroke. Note tha 
two actions are taking place: (1) the gas is being compresse: 
and the spark is just about to take place; (2) fresh gas is enter 
ing the crank case from the carburetor through the inlet por 
to the crank case. 


The two-cycle or “‘valveless’”? type of engin 
derives its name from the fact that the gas is le 
into and out of the cylinder through “port-holes’ 
as they are uncovered by the piston. These port 


INLET PORT TO 
CYLINDER CLOSED 


GAS UNDER 


INLET PORT TO 
COMPRESSION 


CRANK CASE OPEN, 


CHECK VALVE SUCKED 


OPEN BY “UP” MOTION EXHAUST POR’ 
OF PISTON. CLOSED 
AUTOMATI am, 
CHECK VALVE 
GASOLINE — 
NEEDLE VALVE f #4 


cee 
30 
supply. | fr ae 


AIR | 


Fig. 5, When a mixing valve is used, the check valve is 
part of the mixing valve. 

When a carburetor is used with a ‘‘two port” type of engine 
@ check valve must be used, as shown in Figs. 2 and 4 
A carburetor can be used, however, with a three-port typ 
without a check valve, as the port is opened and closed b 
the piston; in fact, this is where the three-port type engin 
differs from the two-port type. 
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take the place of valves as used on a four-cycle 
engine. 

During two movements or strokes of the piston, 
the four operations of intake, exhaust, compression, 
and explosion occur during one revolution. 

On a four-cycle type of engine this would require 
four strokes of the piston or two revolutions. 

The terms two-cycle and four-cycle are not appro- 
priate. Originally the terms were ‘‘two-stroke- 
cycle’ and “four-stroke-cycle,” and these were 
more nearly correct. 


Therefore with two movements of the piston, one up and 
one down, or one revolution of the crank shaft, four actions 
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take place: (1) intake of gas into the eylinder; te exhaust; 
(3) conipiessicn and intake to the crank case; (4) explosion. 


When the piston travels up, a vacuum is formed in the crank 
case which causes the gas to be sucked in through the crank- 
case inlet port or check valve. 


When the piston travels down, a pressure is formed in the 
crank case (5 to 9 lbs.), which forces the gas in the crank case 
through the ‘‘by-pass’’ into the cylinder. A “baffle plate 
(D) (Fig. 2) prevents fresh gas from heading toward the 
exhaust. 

Note that when the piston is down, the pressure in the crank 
case forces the check valve of the carburetor to close (Fig. 2). 
When the piston is going up, the vacuum formed in the crank 
case sucks the check valve open (Fig. 4). 

The crank case forms an intermediate reservoir for the gase- 
ous mixture. 


MARINE ENGINES 


Marine engines are built along the same lines.as 
the automobile engine when of the four-cycle type, 
but with the addition of a governor on large engines. 


The smaller types of marine or motor-boat gaso- 
line engines are frequently of the two-cycle type. 


The marine engine is built heavier than the auto- 
mobile engine because it is run most at full speed 
or power for long periods of time. However, the 
modern marine engine is capable of varying speed 
through the use of the throttle and spark, as in the 
case of the automobile engine. 


The ignition for marine engines is similar to the 
automobile engine, but in many instances the 
“make-and-break” system, and oscillating type, as 
well as the K. W. is used. 


On the small two-cycle type, the jump spark with 
vibrator coil and battery is used to a great extent 
and also the make-and-break system. In fact, the 
make-and-break system is used quite extensively 
on the large four-cycle type of marine engine be- 
cause it is a low-speed engine and of the low-tension 


type of ignition, and is not affected by dampness, 
which is the case where high-tension current is 
employed. If high tension is used, then it must be 
well insulated, because of dampness. 


The carburetion is similar, but on some of the 
larger and heavy-duty types of marine engines a 
double carburetor, using gasoline to start on and 
kerosene to run on, is quite often used. 


The clutch is used between the engine and reverse 
gear, and employs practically the same principle as 
is found in an automobile clutch. 


A gearbox is sometimes employed which gives 
one speed ‘ahead with a lower ratio than the direct 
drive. The reverse gear is also employed. Some- 
times, however, the propeller itself is made so that 
the blades will shift at various angles or pitch, 
(which reverses the direction of propulsion) in place 
of a speed gear and reverse. 

Books on marine engines and motor boats:! We recommend 


the 4 volumes of the Motor-Boat Handbook to those interested 
in marine engines (price $3.00). 


STATIONARY GASOLINE ENGINE 


This type of internal combustion engine is usually 
of the four-cycle type. The cylinders are large in 
diameter, and the stroke is usually larger than the 
bore. The speed is slow (160 to 600 r.p.m.), but 
constant. 


CvLINOTA 


NAVAY VALVE 
fe CHANICALLY 
PERATCO. 


‘SPARK CONTACT OPENED WHEN 
GOVERNOR OPENS EXHAUST, 
OTE WHEN EXHAUST OPEND INLET 
19 CLOSLO TIOWT BY MAR IO 


Fig. 6. A horizontal engine (Witte), with a rocker arm for 
operating the exhaust valve mechanically. The inlet valve 
is automatic, but note that when the exhaust valve is opened, 
the bar (1B) closes the inlet tight, although a spring is also 
provided. 


A governor is used to keep the speed at a certain 
number of revolutions, and it is due to the governor 
action on a stationary engine that you will hear 
exhausts at uneven intervals. 


Governors are divided into two general types: 
the “hit-and-miss” type, and the “throttling” type. 


‘The “hit-and-miss” principle is generally used 
with engines using gasoline as fuel, and the “‘throt- 


1 Can be secured of A. L. Dyke, Granite Bldg., St. Louis, Mo. 


tling” type, with engines using kerosene or lower 
grades of fuel. 


The reason why the “throttling type” of governor 
is used with kerosene engines is the fact that kero- 
sene, when used as a fuel, enters the combustion 
chamber almost in the form of a liquid, while gaso- 
line enters more in the form of gas. The combustion 
chamber on a kerosene engine, accordingly, must 
be maintained at a fairly high temperature in order 
properly to vaporize the fuel, and this temperature 
should also be fairly uniform. 


It is the writer’s opinion that the reason trouble is experienced 
from carbon formation, where it is attempted to burn kerosene 
in a “hit-and-miss’ governor engine, is that the combustion 
chamber on such engines cools off quite frequently during the 
time that explosions are cut out. This trouble can, of course, 
be avoided by using a pre-heater in the fuel line on such engines 
but this is a makeshift arrangement and not generally 
satisfactory. The “throttling type” of governor is best, as it 
comes nearer maintaining a uniform temperature. 


On some of the engines using a low-grade fuel, no ignition 
device is used, as, for instance, the Diesel engine. On others, a 
hot tube is preheated and serves for ignition. The latter re- 
quires complete vaporization of the fuel (all of whichis covered 
in Dyke’s Motor Manual). 


The fuel may be either gasoline, naphtha, kerosene, 
or any one of the many other petroleum products of 
low grade, when properly heated. Natural and 
artificial gas are also used. 


Ignition is usually jump spark on small engines, 
and wipe spark, as described on page 187, which 
is similar to the ‘“make-and-break,” on the larger 
engines. 
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_ The “hit-and-miss” governor action is shown 
in Fig. 7. 
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Fig. 7. Illustrating the operation of the ‘‘hit-and-miss’’ 


governor. 
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When the speed of the engine increases more than 
that for which the governor is set, the ball (B), by 
centrifugal action, assumes position (Bl). This 
causes eccentric sleeve (A) to allow pick-blade (E) to 
catch in the notch part of (M). This holds open the 
exhaust valve and also prevents the spark contact 
(M) from coming in contact with (K), cutting off 
the ignition. 


When the speed decreases, the ball (B) assumes 
a slow-speed position, which causes eccentric (A) to 
move out from the hub of the flywheel and to discon- 
nect the ‘‘pick-blade” or ‘“detent-rod” from the 
notch in (M); the engine fires again, and the exhaust 
valve assumes its regular work until the speed 
increases again, at which time the same action is 
repeated. ‘This cutting in and out by the governor 
accounts for the uneven impulses one notices on a 
stationary engine. 


_ The throttling type of governor controls the admis- 
sion of gas into the cylinders instead of cutting off 
the spark. See Index under “Governor, throttling 


type.” 


DIESEL ENGINE 


The Diesel engine is used quite extensively for 
stationary purposes. It is also the type used on 
submarines. The fuel is a low grade of oil, and 
ignition is accomplished by air compressed to several 
hundred pounds pressure, resulting in its tempera- 
ture being raised sufficiently to ignite the fuel 
injected into the cylinder. 


The fundamental principle is similar to that of 
the usual four-cycle engine. The main difference is 
that fuel is injected after the air has been com- 
pressed, and ignition is then obtained through the 

high compression of this air, instead of by an electric 
spark. 


The principle of the “four-cycle” type of Diesel 
engine may be briefly described as follows: On the 
first or down stroke of the piston the cylinder is 
filled with air at the atmospheric temperature and 
pressure. No fuel is introduced. On_ the second 
stroke, the piston travels up and the air, drawn in 
during the preceding stroke, is compressed to about 
500 lbs. per square inch, resulting in its temperature 
being raised to about 1000° F., or sufficient to ignite 
any liquid fuel. Then the fuel valve opens and a 
measured quantity of fuel, usually oil, is injected 
into the cylinder through an atomizer. The 
atomized fuel is ignited by the high temperature 
of the air, and the power stroke follows. On the 
fourth, or exhaust stroke, the piston travels up and 
the burned gas is expelled through the exhaust valve. 
The Diesel engine requires no ignition system, and 
‘uses the cheapest of petroleum, crude fuel oils or 


tar oils. 
Diesel Four-Cycle Operation 


Stroke 1—Admission or inlet: During this stroke 
the piston travels downward, and the cylinder is 
filled with pure air only—at atmospheric tempera- 
ture and pressure—no fuel being introduced into 
the cylinder during this stroke. 


Stroke 2—Compression: During this stroke the 
piston travels upward, and the air taken into the 
cylinder during the preceding stroke is compressed 
to about 500 Ibs. per square inch, resulting in its 
temperature being raised to about, 1,000° ¥., or 
sufficient positively to ignite any liquid fuel injected 
into it. No fuel is introduced into the cylinder until 
the completion of this' stroke. 


Stroke 3—Power or working stroke: When the 
piston has reached the upper end of the compression 
stroke (or slightly in advance), the fuel valve opens 
and a measured quantity of fuel oil is gradually 
injected into the cylinder. through the atomizer. 
This breaks it up into a finely divided spray, the 
orifices in the atomizer being so proportioned that 
at full load the admission of fuel is distributed over 
about 10 per cent of the power or working stroke, 
the rate of admission being such that there is no 
appreciable rise of pressure within the cylinder 
beyond that of compression pressure. 


| f 
Inlet of Compression Combustion Exhaust 
air of air and power 
Fig. 8. Illustrating the events during four strokes of the 
cylinder. 


The quantity of fuel oil delivered to the atomizer 
chamber is adjusted to the various load require- 
ments by the action of the governor upon the fuel 
pump. 

The injection air at 750 to 950 lbs. per square inch 
is furnished by a small two or three-stage compres- 
sor, driven from the engine shaft. To prevent the 
possibility of preignition, this air is thoroughly 
cooled before being delivered to the atomizer. 


When the measured charge of fuel has passed 
into the cylinder, and during and following combus- 
tion,. the gases expand and drive the piston down- 
ward, When the piston reaches the lower end of 
the stroke (or slightly in advance), the exhaust 
valve opens and the remaining pressure 18 released 
to the atmosphere. 
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Stroke 4—Exhaust: During this stroke the 
exhaust valve remains open, the piston travels 
upward, and the products of combustion are 
expelled from the cylinder, completing the cycle. 


Brief Explanation of Construction 


The general arrangement of the valves and fuel 
injection apparatus of the Diesel engine, as illus- 
trated in Edward Butler’s book on Carburetors, 
Vaporizers and Distributing Valves, is shown in 


Fig. 9. 


= 


Section of the Diesel engine. The oil is forced into 


Fig. 9, 
the cylinder by air pressure. 


The cylinder (C) has very little clearance between 
the top of the piston (F) and the bottom of the 
combustion chamber (B) at the end of the compres- 
sion stroke. At this moment the injection valve 
operated by the lever (J) will be opened, to permit 
the injection of a charge of fuel forced (during about 
20° of the crank revolution) from the supply pipe 
(P) assisted by an atomizing charge of super-com- 
pressed air through the pipe (D). The cage con- 
taining the injection valve is water-jacketed, water 
entering and leaving by pipes (W). 


The operation of the air-admission valve (A) and 
the exhaust valve (E) is mechanically controlled in 
the conventional manner. The movement of the 
fuel-admission valve is very slight, giving a narrow 
annular opening for the entry of the oil. Surround- 
ing the valve spindle are a series of brass washers 
perforated parallel to the spindle by numerous small 
holes. 


The oil is pumped into the space around the valve 
spindle near its middle, and by capillary action finds 
its way between the washers and into the perforations. 


The air for fuel injection is admitted behind the 
oil; and because of its high pressure, it blows the 
oil into the cylinder when the valve opens. 


The amount of oil admitted is regulated by the 
governor, which controls the time of opening of a 
by-pass connecting the discharge and suction sides 
of the oilpump. At light loads the oil is pumped to 
the fuel valve for part only of the admission period, 
and air alone will enter past the valve for the 
remainder of the period. (Motor Age.) 

One manufacturer of the Diesel Engine is the Busch-Sulzer 
Diesel Engine Co., Second and Utah Sts., St. Louis, Mo. 


GAS PRODUCERS 


Gas producers are not internal combustion en- 
gines, but are generators of gas from hard coal, coke, 
or charcoal. 


There are two types, the pressure type and 
the suction type. The pressure type stores the gas 
into a tank or into the gasometer. The gas is then 
supplied to any regular type of gas engine as a fuel. 


With the suction type, the gas is generated in 
the gas producer, then passes through a washer, 


and is then drawn into the cylinder of the engine by 
suction of the piston. 


The process of generating gas by means of gas 
producers consists of passing air, or a mixture of air 
and steam, through a bed of burning coal, coke, 
charcoal, or wood contained in a suitable receptacle 
known as a generator. Dyke’s Motor Manual ex- 
plains the gas producer. 


INSTRUCTION No. 79° 
MOTORCYCLES: Engines; Ignition; Carburetors; Transmissions 


THE MOTORCYCLE ENGINE 


The motorcycle engine is usually a four-cycle type 
of engine, and is made with one, two, and four 
cylinders. The air-cooled cylinder is in general use. 
The “twin type’’ of cylinder engine shown in the 
illustration is the most popular, and the cylinders are 
usually placed 42° to 45° apart. 


i 42°. 


The connecting rods are usually placed on one 
crank pin. Sometimes there are two crank pins— 
in this case the firing impulse would differ. The 
flywheels are usually enclosed in the crank case. 


The four-cylinder motorcycle engine is also in 
use, and is very similar to the automobile engine, but 
smaller and lighter. 


How a Twin-Cylinder Engine Fires 


An explanation of how often and the distance 
apart that the power impulses occur on a twin- 


cylinder “‘V’’-type of engine, with cylinders placed 
42° apart, is given under the illustrations, Figs. 1 to 5. 


Indian Twin ‘‘V’’ Motorcycle Engine 


Cylinders: Twin, of the V-type, 42° apart, air- 
cooled, 314” bore and 3 11/32” stroke, with a piston 
displacement of 60.88 cubic inches; horsepower 
normal rating is 7; actually develops 15 to 18; the 
bearings of the connecting rods and the main crank- 
shaft bearing are of the “roller” type; there are three 
rings to each piston. 


Carburetor: Schebler. Ignition, Dixie high-ten- 
sion magneto. Spark plugs are Splitdorf make, 
%’-18 thread; lubrication, oil pump worm-gear 
driven, geared to the crank shaft. 


Valves are the side-valve type, operated by lifter 
rods. Valve timing is correct when gears (A) (B) 
(C) and (D) are placed so that the marks register as 
shown. The pinion (A) is keyed on its shaft and 
retained by a washer and screw. 


Inlet valve action can be understood by referring 
to Fig. 7. Note that the inlet cam (which is set 
behind the cam gear) operates against an arm, 
which operates against the inlet tappet or lift lever. 


Exhaust valve action: The same kind of lifting 
arrangement is provided for the exhaust valve, but 
the exhaust cam, arm, and lift lever or tappet are 
placed back, or in rear of the inlet parts. 


—Continwed on page 1009. 


Fig. B. The Indian twin-cylinder motorcycle engine. 
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TWIN CYLINDER V-TYPE. 
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Figs. 1, 2, 3, 4, 5: How a twin-oylinder engine fires, with cylinders 42° apart. 


Fig. 1illustrates two cylinders placed 42° apart. We will call the cylinder to the left No. 1, and the cylinder to the right No. 2. 
The bottoms of the connecting rods are together on one crank pin. 


Note that No. 1 piston is on top of its stroke and that the connecting rod is straight up and down, in line with the crank pin; 
in other words, it is on its “firing center’ (provided it is on top of the compression stroke, which we assume it to be). Piston No. 2 
is not on top of its stroke; its connecting rod where it is attached to the crank pin is 42° away from its firing center. No. 2 has 
42° yet to travel to complete its exhaust stroke (see 2 to 4, Fig. 5). 


Fig. 2: No. 1 has fired and traveled 42° on its power stroke (see 1 to 3, Fig. 5). No. 2 piston is now on top of its suction 
stroke (4), and on its dead-center firing line. 

Fig. 3: No. 1 has reached the bottom of its firing or power stroke (see 5, Fig. 5), having traveled 180°, or half a revolution. 
No. 2 is not quite down in its suction stroke, being 42° behind No. 1. 
Fig. 4: No. 2 has now reached the bottom of the stroke on suction, 


having traveled 180°, whereas No. 1 is part of the way 
up on its exhaust stroke. 


Therefore, starting with the firing of No. 1 at (1F), if No. 1 makes a complete revolution—one stroke down on power stroke 


and one stroke up on exhaust, from 1 to 8—it will have traveled 360°. No. 2, however, will lack 42° of completing its revolution, 
and will have to travel 42° more than 360° to complete its revolution from 2 to 9. 


o ed reret ores after No. 1 fires, No. 2 must travel 360° + 42°, or 402°, before it fires. Or No. 1 will fire again, 318° after 
o. 2. fires. . 


Fig. 5: The black line shows the travel of No. 1, and the shaded line the travel of No. 2. Th firing li f h 
and bottom center, are lettered on the illustration. Pegee a OL CR AC ema 


Start with No. 1 firing at (F) and follow the stroke to the bottom, or a half-revolution; for instance, f 1 to 5 1 
and 4 to 6 on No. 2; each represents a stroke or half-revolution, or 180°, i cee geo 


From 1 to 8 on No. 1 represents a revolution, or 360°, 


From 2 to 9 represents 42° more than a revolution on No. 2. From 4 to 9 would represent a revolution on No. 2. 

While observing the travel of No. 1, at the same time follow No. 2 and note what it is doing. For instance, when No. 1 is 
traveling from 1 to3 on its firing or power stroke, No. 2 is traveling from 2 to 4 on its exhaust stroke, having 42° of its exhaust stroke 
to complete before it is on its dead center, when it starts on its suction stroke. 


‘ MOTORCYCLES , 
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Fig. 7. Valve action. 


A “compression relief,’’ or method of opening the 
exhaust valves to relieve the compression when 
starting an engineis provided. Thisis accomplished 
by a toothed part (S) in mesh with a thin eccentric 
orcam (E). When the rod is operated, it causes (E) 
to touch the exhaust rollers on the exhaust arms, 
which raises the exhaust valves independent of the 
exhaust cam. : 

Valve-clearance adjustment is .006”, about the thickness of 
heyy. writing paper, when the engine is hot. Spark-plug gap, 
Uso.” 

(O) (Fig. B) is the oil-pipe connection. 
(R) is the breather or crank-case vent. 


Indian Twin-Opposed Cylinder Motorcycle 
Engine 

Cylinders: two, opposite or 180° apart, instead 
of 42° as in the “‘V’’-engine; bore 2”; stroke 214”; 
piston displacement, 15.70 cubic inches; horse- 
power, normal rating 214, develops 4; pistons have 
two rings; inlet and exhaust valves, side by side on 
top of the cylinders; timing gears, in separate hous- 
ing outside of the crank case; carburetor, Indian 
special; ignition, Dixie magneto, driven at engine 
speed, fixed or set spark. (Hendee Mfg. Co., 
Chicopee Falls, Mass.) 
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Fig. 8. Indian twin-opposed engine. 


Harley-Davidson Twin ‘‘V’’ Motorcycle Engine 


Cylinders set 45°; valves, inlet overhead in cage, 
operated by push rods (L); exhaust on the side; 


3/16”’ before top and close 44 


bore 3 5/16” x 314” stroke; 60.34 cu. in. displace- 
ment; valve clearance, .004’’ between exhaust lifter 
and valve stem (engine cold), on all single-cylinder 
models and twin engines prior to 1915. Allow 


The twin cylinder ‘‘V"’ type of engine 


Nssspezterp? 


a, 


Fig. 9 (upper) 
Fig. 10 (ower) 


Side view of H. D. engine. 


Fig. 9. 


Fig. 10. Top sectional view of gears and cams; (1) exhaust 
relief cam; (3) cam on arm of rod (G) (Fig. 9) which operates 
the relief cam; (EC) exhaust cam; (IC) inlet cam; (2) rollers 
on rocker arm; (S) cam shatt; (B) cam gear. Other gears 
correspond with the gears in Fig. 9. 


.004’’ clearance between inlet and rocker arm and 
valve stem on all models. On 1916 and 1915 
twin engines, allow .004” for rear cylinder and .006” 
for front, and on 1917 to 1920 twin engines, allow 
.008”’ to .010” for both cylinders. 


Valve timing, on twin and single-cylinder engines: 
The exhaust valve should start to open about 9/16” 
before bottom center; closes 1/32” to 3/32” after 
top. The inlet valves do not require independent 
timing. However, the inlet valves start to open 

Ve” to 34’ past top. 
When timing the ignition, be careful not to use 
the wrong cam in timing. The small cam is for 
the front cylinder, and the large cam is for the rear. 

When fitting new gears, they should be lined up 
in accordance with the marks shown in Fig. 9, so 
that the marks come in a vertical line. (A) is the 
crank-shaft gear; (B) the cam gear. 

The exhaust compression relief is to relieve com- 
pression in the cylinder for easy starting by opening 
the exhaust valve. When starting, the left-hand 
handle-bar grip is twisted to the left, which retards 
ignition, and further turning raises the exhaust valve 
through rod (G) (Fig. 9), which raises the exhaust 
valve through cams (1) and (8) (Fig. 10). 

Crank-case compression relief: A vent (I) (Fig. 9) 
relieves the pressure in the crank case at every revo- 
lution. The gear (F) operates a rotary relief valve 
which should open 1/16” to 3/32” when the front 
piston is on top. This valve port opens gradually 
when the engine is turned in the direction in which 


DYKE’S INSTRUCTION No. 79 


it runs, and closes when the piston has reached 
bottom. This allows a vacuum on the upward 
stroke, to draw oil and oif vapor to all bearings. 
A pipe leads to the chain cover, and as it emits 
a Hen amount of oil at each revolution, the chain 
is oiled. 


Oiling system: Oil enters from the oil reservoir 
through pipe connection (H). It is then carried by 
a rotary valve pump geared to shaft (F) (Fig. 10), 
through sight glass (V) into the engine crank case. 


If there is too much oil, remove screw (X); if oil 
does not overflow, turn the engine until it does. 
Replace (X). Then remove the plunger-chamber 
vent screw (Y) until oil flows in the same manner. 
Then regulate the oil supply by placing three .010” 
washers on the adjusting screw (Z) (Fig. 9). 
Drain the engine and fill with 114 pumpfulls of oil 
with the hand pump. To increase the oil supply, 
add thin washers, oné at a time. To decrease, 
remove the washers. When all washers are removed 
the oil-pump plunger has no stroke at all. 

Timing ignition: All twin engines, magneto equipped, fire 
14” to 5/16” before top of compression stroke with the spark 
lever advanced full. The spark occurs when the points are just 
separating. 


or 


All twin electrically equipped engines fire 1/32” to, 9/327 
before top. All single-cylinder engines fire 3/16” to 14” before 
top. 


Berling magneto: The lower cam on the interrupter times 
for the front cylinder and the upper cam for the rear. 


Dixie magneto: No, 2 cam for front, No. 1 cam for rear. 


Bosch magneto: Interrupter shoe No. 2 for front, and No. 1 
for rear. 

Remy generator interrupter: Small cam for front, and large 
cam fon Ries (Harley-Davidson Motor Co., Milwaukee, Wis., 
Mfrs.) 


Fig. 11. Sectional view of engine shown in Fig, 9. 


MOTORCYCLE CLUTCH AND TRANSMISSION (INDIAN THREE-SPEED AS EXAMPLE) 


Operating plan of three-speed Indian motorcycle: 
The principle of construction and operation of the 
three-speed gear are identical with that of the two- 
speed, except that there is an extra set of gears for 
the intermediate ratio. 


When gears (A) and (B) are locked together by dogs 
(G), the “‘high ratio” or ‘high speed” is coupled up. 

When gears (B) and (E) are in mesh the “‘inter- 
mediate’ or “second speed”’ ratio is obtained. 
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And when gears (B) and (C) are connected 
through the dogs (H), the “low speed” is obtained. 


There are two “neutral” positions in this gear set: 
between the high and intermediate with the gears as 
shown in the illustration, and between the inter- 
mediate and low, with gear (B) on the other side 
with (E), with the same relative position. 


—Continued on page 1012. 
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Fig. 12. The Indian clutch and 3-speed transmission 
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Fig. 13. The Indian twin-type of motorcycle using a neutral counter shaft. 


If the machine is equipped with this one-speed device, called a ‘‘neutral counter shaft,” its purpose is mainly to promote start 
ing without raising the rear wheel. By shifting the small lever underneath the handle bar, the dogs are disengaged, and the drive tc 
the rear is cut out. The clutch is then engaged and the engine started. After the engine is started the clutch is disengaged untii 
the machine is started. 


If the three-speed gear box is used instead of a single speed, it is mounted in the same location, but a control lever is placed 
on the side, as shown at top left of the illustration, instead of the small hand lever, When starting with a two or three-speed 
the gears are shifted to neutral position and the action is just the same as above. Note the name and location of the parts ag 
lettered, 
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‘ig. 14. The Indian starter: The down-pressure on the foot lever brings the quadrant into engagement with the pinion on 
the Bee oad turns the engine over three times to each stroke, the clutch being engaged to obtain positive and full crank effect. 


This starting of the engine can be done without jacking up the rear wheel, simply by putting the shifting lever into neutral on 
the three-speed machine and by disengaging the driving cog in the same manner on the single-speed model. 


he starting crank is released on the bottom of the stroke it is automatically returned to the starting position by a 
pe aah ‘ end ahen not in use is held in a convenient position by a strong chp, When the starting crank is in normal 
position, it is fully disengaged from the pinion which revolves with the clutch. 


4 chanism consists of a quadrant with a reverse motion and meshes with a ratchet pinion on the clutch shaft. The ratio 
ig gees of the engine to one stroke of the starter, not taking into account the spinning effect and extra momentum gained. 


illustrated are the early models. Changes have been made on the later models. The “neutral counter- 

eye i eeaaares on the Indian since 1917, and wire controls have been used since 1918. The gear-shift lever and clutch 
edal arrangement have also been changed. The reason for showing the older model of motorcycle is the fact that the older models 
ae those more likely to need repairing, and they clearly explain the principles involved. Write the manufacturers for information 


on later models. 
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Continued from page 1010. 
Indian Clutch 


Construction: The Indian clutch is a multiple- 
disk dry-plate type. The drive is transmitted 
through four Raybestos-faced disks which engage 
with four polished steel disks, and are held in engage- 
ment by eight small springs equal distances apart. 


This clutch is applied to the one, two, or three- 
speed. transmission. 


Operation: Lever (X) (Fig. 12) operates the 
clutch, and has about 45° travel. When pulled 


forward, it releases the clutch; when pulled back- 
ward, it engages the clutch. 


It is connected with the foot pedal, which has a 
pull-back spring. Pressure on the pedal forward 
causes the plunger rod (marked by mistake, shaft 
driving hub’’) to come in contact with the screw 
(W), which under pressure compresses the springs 
and pulls outward the whole assembly mounted on 
the inner plate, thus freeing the driving disks. 


When the control pedal is released, the pull-back 
spring causes a reverse action through the mechan- 
ism, and again brings the disks into engagement. 
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Fig. 15. The Harley Davidson, three-speed, model “11F”’’ motorcycle. 


on illustration. 
the engine by the pedal. 
off on “low,” and gradually applying the clutch. 


To start the three-speed model engine, shift the gears into ‘‘neutral’’ position and have the clutch ‘‘in’’; 


Note 3 speed transmission. Note lettering 


; start 


After the engine is started, release the clutch. To start the machine, place the gears in mesh, starting 


MOTORCYCLE MAGNETO (THE DIXIE) 


It will be noted that this magneto is similar in 
every respect to the Dixie magneto explained on 
page 272, except that a ‘collector spool” is pro- 
vided on the drive-shaft end, instead of a distributor. 
The principle of this arrangement and the method 
by which two carbon brushes take the high-tension 


Fig. 16. The Dixie motorcycle magneto. 

1. High-tension winding. 9. Base. 
2, Advance-lever screw. 10. Bearing holder (drive end). 
3. Breaker-box cover. 11, Collector-spool housing 
4, Condenser cover. 12. Drive shaft. 
5, Spring. 13, Shaft-nut washer. 
(. Breaker box or interrupter. 14. Shaft nut. 
7. Bearing holder 15. Drive key. 

(breaker end). 16. Magnet. 
8. Pole structure. 


current from the collector spool is shown in Fig. 17. 
(This is not the exact construction, but it serves 
to explain the principle.) 


_ Timing the Dixie magneto: Usually, the piston 
is placed on top of compression stroke with the 
contact breaker retarded, at which point the plati- 
num points of the breaker should just begin to 
separate. This is taken care of in the meshing of 
gears as shown in Fig. B, page 1007, and varies in 
different motoreycles. For instance, an earlier set- 
ting 1s sometimes desired. 


The distance between the platinum points in the 
contact-box, when separated, is .020’ or 1/50”. 


To remove grease and dirt: Squirt a gunful of 
gasoline into the spool housing (11) (Fig. 16). 
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The carbon brushes should project 14” from the 
brush holders; if the carbon brushes are glazed too 
much at the ends, rub them with emery paper. 


The terminals on the magneto are in right-hand 
rotation. No. 1 terminal leads to the cylinder 
which fires first, and usually the rear cylinder. 


If a terminal comes loose from the terminal to 
the brush holder, drill out the brass plug, and use 
5” cable, twist the copper strands, and insert them 
in the hole and solder. 


A punctured brush holder may be detected by 
the smell of burned rubber. 


Relation of Spark to Piston 


On a twin-cylinder “V’’-type engine, the firing 
order is not equal, that is, one cylinder would fire, 
then the next cylinder to fire would be 360° plus 42°, 
or 402° after the first. Therefore, the interrupter 
and brushes carrying the current to the spark plugs 
must be arranged accordingly. 


Note in Fig. 17, that brushes (B1) and (B2) con- 
duct current to the spark plugs. (B1) is now on 
contact, hence cylinder 1 would fire. 


Note in Fig. 18, that the cylinders are 42° apart. 
If cylinder 1 fires now, crank pin (A) will travel a 
revolution back to (A) again, then 42° more to (B) 
or 360° and 42°, or 402° in all, before No. 2 fires. 
No. 1 will again fire, from point (B) to (A), 360° 
minus 42°, or 318°. , ; 

The armature travels at half the speed of the 
engine crank shaft, and makes a spark every half- 
revolution. Therefore the armature, with its inter- 
rupter and collector ring, would travel 201° when 
the crank travels 402°, when cylinder No. 1 fires. 


When cylinder No. 2 fires, the crank pin on the 
engine will travel 318° before No. 1 would fire again. 
Since the magneto armature travels one-half as fast 
as the engine crank, it would travel from (B2) to (B1), 
or 159°. Thus we should have an unequal impulse. 


It requires two revolutions of the crank to com- 
plete the four strokes or four-cycle operation. 
During these two revolutions two sparks are 
required. The armature makes two sparks to one 
revolution. Therefore it revolves but one revolu- 
tion to two revolutions of the crank. 

The illustrations (Figs. 17, 18, 19) are not of the 
Dixie magneto, but serve to explain the principle of 
how the motorcycle twin-type engine fires. 


2) 


SPLITDORF MAG-DYNAMO, FOR MOTORCYCLE USE 


This is a combination of a magneto and a dynamo. The 
dynamo armature which generates ‘“‘direct’’ current is placed 
above, (I) being the commutator. The magneto armature 
(U) is a regular armature with wire revolving, generating 
“alternating” high-tension current, and is placed below. The 
two are entirely separate and independent. 


The fields or magnets are not of the ‘‘permanent’’ type, but 
are of the “electro” type, excited in the first case by the cur- 
rent in the storage battery, or by the first few revolutions of 
the generator. The dynamo and magneto are separate and 
distinct otherwise, but combined in one unit. 


p---------= 


ols er ie ire 


Fig. 20. Splitdorf mag-dynamo. 


Magneto Part 


The magneto part of the ‘‘mag-dynamo”’ supplies current for 
ignition. Ry armature (U) isa double-wound (Sw-secondary— 
PW-primary) high-tension revolving type. The interrupter 


parts are shown: (P) platinum points of contact breaker; (L) 
cam; (H) roller grounded with frame or base; (T) spark plug; 
(P) points are set at .015”, and spark plugs at .0207 gap. 


Dynamo Part 


The dynamo generates a ‘‘direct’’ current, which charges a 
storage battery, and also supplies current for lights, The 
armature is driven by a gear from the magneto or lower arma- 
ture. With the battery ‘‘floating-on-the-line,’”’ the unit has a 
maximum output of 3 amperes at 7.5 volts at 1,400 r.p.m. of 
the engine, equal to 30 m.p.h. with average road gear, 


Cut-Out Principle 


The principle of the automatic cut-out used with the dynamo 
is as follows: 


When the rider gives the starter pedal a downward thrust, 
as in starting, the mechanical governor part (J) is forced down 
by centrifugal action of arms (K), which acts upon the s ring 
(C), bringing the main-line contacts (A) together; this allows 
about 1 or 14 amperes to flow through the field winding (and 
armature), magnetizing it so that the lower or ignition armature 
may produce sufficient current to spark the engine. 


If the engine is stiff or hard to turn over, the starting switch 
is depressed, allowing 4 amperes to go through the shunt fields 
and armature. The starting switch merely cuts around the 
contacts (A) so that a strong magneto field is obtained when 
the rotation of the armature is slow. Of course, when the 
battery is disabled, a powerful thrust on the starter pedal will 
rotate the generator armature fast enough to generate sufficient 
current to magnetize the field enough to furnish a spark at the 
plugs. 


As the speed of the motorcycle increases up to about 30 
m.p.h., the charging current also increases to about 344 am- 
peres. Then through the increased action of the governor 
spring, a second contact at (B) comes into action, _ This con- 
nects the regulator or bucking coil (D) into the circuit, and 
magnetizes the soft iron cores (N) and (S), which, you will 
note, is magnetized in the same way as the field coils. This 
action bucks the magnetic field of the generator armature and 
drives the magnetism down to the ignition armature field, 
weakening the generator field and strengthening the magneto 
field. 


The ignition current is a straight high-tension current from 
the magneto at all times. When first starting, the magneto 
field is energized from the battery, and when running, from the 
generator. Otherwise that is all the connection the ignition 
or magneto has with the dynamo or generator. 


Timing the Magneto on ‘‘Mag-Dynamo”’ 


the Indian, the Thor, and the Merkel, the piston is placed 
s/o" from top of compression stroke with the breaker box 
advanced. On the Harley-Davidson (Dixie magneto), 9/32 i 
on the Excelsior, 13/32’; on the Pope, 14”; on the Dayton, %%. 
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Adjustments of Mag-Dynamo 


To adjust the cut-out and current control: With the engine 
idle and all lights turned off, remove the regulator-box cover 
and adjust the current-control contact screw (A); the correct 
setting of the contact points should be between .015’” and 
(025. This setting will permit the battery to discharge about 
ito2amperes. On the other side of the regulator box the set- 
ting of the main cut-out contacts can be made as follows: 
With the engine running slowly, loosen the lock nut and turn 
the current-control screw (B) several turns to the left. Increase 


the speed of the engine until the ammeter shows a 3-ampere 
charge. With the engine running at this speed (approximately 
1,200 r.p.m.), turn screw (B) to the right until the ammeter 
needle drops back approximately to a 2-ampere charge; then 
set the lock nut. =r 

The fuse used in the circuit is a 15-ampere fuse. The positive 
pole of the battery is connected to the fuse block, and the nega- 
tive terminal is grounded. a 

In case of failure of the battery, three dry cells can be utilized, 
connected in series with a carbon pole to the fuse block and 
zine grounded. 


MOTORCYCLE GENERATOR (SPLITDORF DU 1) 


On many motorcycles, the Dixie magneto is used, and a 
separate and distinct dynamo is mounted separately. One 
type of dynamo is termed the ‘‘DU-1” as described below. 


The principle of the mechanical cut-out on the “DU-1” 


Splitdorf motorcycle lighting and battery-charging dynamo is 
shown in Fig. 21. Note that the centrifugal action of (G) on 
the armature shaft causes-a sleeve at higher speeds to press 
against the arm (A), which, through hinge (S), makes contact 
at (B). 


GENERATOR 


Fig. 21 


MOTORCYCLE CARBURETOR (SCHEBLER) 


Description: Model ‘“H,” 34”’ and 1’; Compen- 
sating type; variable fuel feed. The supply of 
gasoline is controlled by (Z), which raises the gaso- 


Fig. 22. Schebler motorcycle carburetor. 


line needle valve (I), giving an adjustment on low, 
intermediate, and high speeds. (C) is the air 
intake, and can be turned so that warm air can be 
drawn from the engine. 


Low-speed adjustment: See that the leather air valve (A) 
seats lightly, but firmly. Then turn the knurled button (I) to 
the right until the needle point (E) sets in the spraying nozzle. 
Now turn (I) to the left about two turns, and open the low- 
speed adjusting screw (L) about three turns; then open the 
throttle about half-way to start the engine. After starting, 
close the throttle and turn the needle-valve adjusting screw (I) 
to the right or left until the engine runs smoothly without miss- 
ing. If with this low speed adjustment, the engine runs too 
fast, turn the low-speed adjusting screw (L) to the right. 


High-speed adjustment: Do not make the adjustment with 
the engine running idle. The machine should be run in high 
speed on the road. The throttle and spark should be advanced 
fully. The adjustment is now made by the pointer (Z), 
which, as it moves from (1) toward (3), increases the supply of 
gasoline. Moving the indicator from (8) toward (1) cuts 
down the flow of gasoline. When the indicator reaches the 
right point, the engine will run without missing or backfiring. 


Starting: The air valve can be locked to assist in starting 
by pulling out button (12) and giving it a quarter-turn. When 
ee ighaine starts, release air valve (A) by turning button (12) 

ack. 


Extra air port for high speed on the Harley-Davidson carbure- 
tor is provided inside the mixing chamber to admit more air at 
extreme high speed. 

To set the float level: Place the float 19/32” from the top of 
the bowl to the top of the cork float. The arm can be raised 
or lowered to meet these conditions, 


THE NERA CAR 


This machine is mounted on twowheels. A glance 
at the illustration will give the details. 


Specifications 
Wheel base: 5514 inches. 
Length over all: 84 inches. 


: Frame: Pressed steel chassis, automobile type of construc- 
ion. 


Motor: 2-cycle, 214 h.p., 2144” x 234”: di 1 
Ate inchcn a h.p., 214” x 234”; displacement, 13144 


Transmission: Friction drive to countershaft mounted on 
SKF bearings; five speeds. 


Ignition: High-tension magneto. 

Gasoline tank: 2 gallons. 

Chain: Roller, 14’ pitch x 5/16’. 

Springs: Load carried on barrel-type coil springs. 

Saddle: Suspension type of best leather; combination flat 
ee coil springs, giving vertical movement in horizontal 


Wheels: Wire, 26” x 3” with ball bearings; 36 spokes, S.A.E 
standard. : na 


Brake: Expanding brake in rear wheel, foot control. 
Tires: 26’ x 3” non-skid. 

Speed: 35 miles per hour. 

Color: Black, 

Weight: Approximately 165 lbs. 

Fuel consumption: 85 to 100 miles per gallon. 
Non-skid—center of gravity below center line of wheels, 


Fibs a by Nera-Car Corpn., 196 South Geddes St., 


INSTRUCTION No. 80 
MISCELLANEOUS CARS: Woods Dual Power Car; Magnetic Gear Shift; 


Steam Car; Owen Magnetic Car (Electric Transmission). 


PRINCIPLE 


OF THE AIRPLANE 


WOODS GAS-ELECTRIC CAR 


The Woods dual power car: The power plant 
consists of a small gasoline engine and an electric 
motor-generator combined into one unit, as illus- 
trated, and mounted on a three-point suspension. 
The movement of a finger lever on the steering wheel 
connects the engine to the electric motor-generator, 
which cranks the engine and develops power which 
1s transmitted through the armature shaft of the 
electric motor and propeller shaft, direct to the rear 


axle. See Fig. 1. 
GASOLINE TANK 
l ELECTRIC 
MAGNETIC GASOLINE’ 
CLUTCH eee! H 
GASOLINE CONTROL 


ENGINE 


FOOT BRAKE | 
PEDAL 


ELECTRIC MOTOR 
WHICH IS ALSO 
A GENERATOR 


REVERSE PEDAL BATTERY OF 24 CELLS, 


1] PLATES EACH 


Fig. 1 


The car starts as an electric, by a simple move- 
ment of a finger-controlled lever on the steering 


wheel, which operates the means for connecting the 
battery to the motor, and increasing the speed, as 
the lever is advanced. 


At any advanced position of the electric lever the 
first movement of the finger-controlled gasoline 
lever instantly starts the gasoline motor. As this 
lever is moved forward, it causes the car to be 
operated more on the gas, and at a certain point it 
will run as a straight gasoline car, neither charging 
nor discharging the battery. With a slight varia- 
tion of the relative position of the two levers on the 
steering wheel, the battery may be either charged 
or discharged at will on any speed from ten miles an 
hour up to twenty-eight or thirty miles an hour. 
Electricity is generated and stored in the battery 
while the car is running. 


At any speed above six miles an hour, dynamic 
breaking may be effected by retarding the electric 
lever. This causes the electric motor to run as an 
electric generator driven by the gasoline motor or by 
the momentum of the car. The power thus gener- 
ated is used for charging the battery. The same 
effect may be obtained by a simple movement of 
the foot-brake pedal, which also acts as a mechanical 
brake below six miles per hour. 

The parts of this car and their location are shown 
in the illustration, Fig. 1 (Woods Electric Vehicle 
Co., Chicago, IIl.). 


MAGNETIC GEAR SHIFT 


This device is used to shift the gears, taking the 
place of the hand shift lever and selector rods. It 
is attached to the side of the transmission. The 
switch control is placed under the steering wheel. 
This system is used on the Premier Car. (Device ' 
manufactured by Cutler Hammer Co., Milwaukee, 
Wis.) 

Principle: If you press the switch button 1 ‘(see 
Fig. 3), you close the circuit of solenoid 1, causing 
the shaft (A) to move to the left. 

If you press button 2, you energize solenoid 2, 
causing the shaft (A) to move to the right. 

If you press button 3, you energize solenoid 3, 
causing shaft (B) to move to the left. If you press 
button (R), energizing spool (R), you bring the 
reverse gear into mesh. 

Pressing neutral button (N) and throwing out the 
clutch, places the gears in “neutral.” 


Fig. 2. Showing connections with clutch pedal. (CD) 
represents travel provided for clutch slippage, and possible 
throw of clutch pedal for coasting. 


Pressing a push botton does not energize one of the 
solenoids; it merely partially closes the circuit to a 
certain solenoid, but the circuit is not completely 
closed until you throw the clutch pedal down to the 
floor-board. 


The clutch pedal is so arranged that you can throw 
out the clutch in the usual manner by partially 
depressing the pedal, but. if you push the pedal to 
the extreme position, you bring the switch (M) 
(Fig. 5) in contact for an instant and permit the 
electricity to flow to the particular solenoid which 
was selected when you pressed one of the push but- 
tons. 


(PUSH-BUTTONS ARE 
MOUNTED UNDER 
STEERING WHEEL 


TI 


Dry Bortery 
Fig. 3 Fig. 4 
Fig. 3. Simplified explanation of the solenoid action. 
Fig. 4. Principle of a solenoid simplified: insulated wire is 


wrapped around the spool (solenoid). If the ends of the wire 
are connected with the battery the spool sucks up the nail. 
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The push buttons are therefore known as “selector 
switches,” because they do not actually close the 
circuit but select in advance the circuit that will be 
energized when you push the clutch pedal to the 
extreme position, thereby closing switch (M). 


A 12-volt battery is used: It is stated an 80 
ampere-hour battery will operate the gear shift from 
394 to 491 times. 


Gear Changes 


First speed: To start forward in first speed, push 
the “selector switch” button No. 1 (Fig. 3) down 
until it catches. Then depress the clutch pedal as 
far asit will go and the first-speed gears will instantly 
mesh. Allow the clutch pedal to return gently. 
The clutch will engage and the car will move forward 
in first speed. 


Second speed: Press button No. 2 until it catches, 
and as soon as it is desired to shift the gears from 
first to-second, depress the clutch as before to its 
extreme position. This brings the second speed 
gears into mesh. Engage the clutch. 


Third speed: Press button No. 3 until it catches. 
Depress the clutch to its extreme position. Allow 
the clutch to return to engagement. 


Dropping back: In dropping back from one gear 
to another, the operation is the same, i.e., press 
the button corresponding to thegear wanted, and 
when it is desired to shift, simply push the clutch to 
the extreme limit and the gears will automatically 
change. 


Selection: Should button No. 2 be depressed and 
should it then be decided that No. 1 is wanted 
instead, all that is necessary is to press button No. 1. 
This automatically ‘kills’ No. 2. Similarly, any 
button that is down is “killed” by pushing any other 
button. The gears may be selected in any order 
desired, for example, 1 to 3, 2 to 1, 3 to 1, ete. Itis 
not necessary to press the buttons in numerical 
order. 


Pre-selection: Speed changes may be prepared 
for at any time in advance of the actual shift by 
pressing the button corresponding to the gear into 
which it is next desired to shift. 


When the car is stopped, the gears should always 
be neutralized before the driver leaves his seat, so 
that when the motor is again started, none of the 
gears will be in mesh. 


Neutralizing: To throw the gears to neutral, press 
the (N) button, and then depress the clutch pedal to 
the limit. (The neutral button has no catch and 
does not remain down when it is pressed. Its 
function is simply to throw out the other buttons 
in order to break their electrical connections.) 


Coasting: The clutch pedal may be thrown out 
far enough to free the clutch without neutralizing 
or shifting the gears. The shift takes place only 
when the pedal is thrown to the extreme position. 
This arrangement permits disengaging the clutch so 
that the car can “‘coast,’’ no action taking place in 
the gear shift. See Fig. 2. 


Fig. 5. (A) gear-shift housing; 
(G) ratchet pawl lever; (I) 


(B-1-2-3-4) coils; 
rocker arm; (J) operating shafts; (K) operating lever; (L) pawl operating master switch; (M) 


t itch: (N ie s a Sea NAS I eM 
ee ene (N) locking shaft; (O) master switch return spring; (P) neutralizing return spring; (Z) neutralizing return- 


(C-1-2) magnet cores; 


(E-E) cam shafts; (F-F) neutralizing cams; 


THE STANLEY STEAM CAR 


Engine: Double acting, taking steam at each end 
of the cylinder. Slide valve, built in a unit with 
the rear axle, and driving through a spur gear on dif- 
ferential (GD) (Fig. 6). Crank shaft spur gear 
(DG) is the drive gear on engine. 


The valves which control the admission and 
exhaust are operated from eccentrics on the crank 
shaft and through a link motion (LM), through 
(LSS) which is connected with lett pedal (Fig. 10) 
and controls the range of motion of the valve. 


There are three passages when the valve is open 
for a large part of the stroke. This admits steam 
at boiler pressure and shuts the valve a certain dis- 


tance before the piston reaches the bottom of its 
stroke. For the rest of the traveling the piston is 
driven by the expansion of the steam. Pressing the 
pedal (T) (Fig. 10) forward until it catches or hooks 
up causes the valve to close earlier. This means 
that less steam is taken from the boiler and the 
piston is driven a longer distance by the expansion. 
This, of course, is more economical of steam and is 
the condition for normal running. 


The longer valve opening is used for starting, and 
practically for nothing else. With the pedal 
pressed forward, the operation of the valve is 
reversed so that the engine will run backwards, this 
giving the reverse motion. : 


STEAM INTAKE 


CYLINDER 


CONNECTING 
ROO YOKE 


RANK 
COUNTER 
BALANCE 


CRANK SHAFT 


ENGINE LIES IN HOR! 
ZONTAL POSITION 
IN REAR 


PDG—pump drive 
gear, CP—crank 
pin. PO—pump 
crank, LSL—link 
shift lever. 1, 2, 
3, 4 — eccentric 
rod straps. LM— 
link motion. 


_ Hig. 6. 
driven by a crank off the rear axle. 


Stanley engine, rear axle, and pump gear. 

After leaving the engine, the steam goes to feed 
the water heater, thence to the top of the radiator, 
upon passing through which it condenses into water 
and this water flows back to the main tank. Differ- 
ing load and road conditions entail the loss of some 
steam, and it is this loss which has to be made up 
by refilling the water tank. However, sufficient 
water can be carried for 200 to 250 miles of ordinary 
running, or, in other words, it takes this amount of 
ordinary running before the slight loss of steam is 
equivalent to the whole tank full of water, which is 
about 20 gallons, and is placed underneath the car, 
below the frame. 


(A) is the gasoline nozzle for the 


Stanley burner. é 
pilot light and (B) and (C) the two main burner nozzles for coal 


oil or main fuel. 


Fig. 7. 
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q The pumps are really mounted forward on the chassis, and are 
The electric generator is also rear-axle driven. 


Boiler: Fire tube type, the flues being welded 
by the acetylene process to the bottom head. 


Burner: When we want more power from the 
gas car the throttle is opened. When we want 
more power from a steam car the burner must sup- 
ply more heat, thus generating a higher pressure 
of steam. 


How kerosene is used: The kerosene under pres- 
sure is first led through a long coil placed on top of 
the boiler, where the exhaust gases of combustion 
yield up part of their waste heat, by preheating the 
kerosene. From this top or heating coil the kero- 
sene passes by way of the automatic control and 
main burner valve to the vaporizer (located in the 
fire). Here the hot kerosene is transferred into a 


true gas, and after being mixed with a definite 
amount of air is burned with the blue “Bunsen” 
flame. 


WATER TANK 


AUTOMATI 
ave Heater AUTOMATIC 


Fig. 8. Diagram of water system of Stanley steam car. 
Water is pumped toward the boiler by one or two pumps, 
according to the positions of the hand valves (A) and (B). 
After reaching a proper level in the boiler, the release valve 
(R) is opened and the water then goes back to the main tank, 
whether the pumps are both working or not. In practice, the 
left pump always is in use subject to the automatic control, and 
the right pump is hardly ever called into service, but doubles 


the supply for emergency use. 
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Uniform water level: When the water reaches a certain 
height, it is forced to return to the supply tank by an auto- 
matic by-pass, thermostatically operated. 


OST HAND SHUT fi 
OF VAUE 


Fig. 9. Diagram of fuel system of Stanley steam car. 
The gasoline only supplies the pilot light, which never goes out, 
and the consumption is small, so the size of the tank is exag- 
gerated in the cut. Kerosene, the operating fuel, is carried in 
the rear tank and pumped to the pressure tank from which the 
burner takes its supply. When the steam pressure reaches a 
predetermined point, the supply of fuel is cut off and the kero- 
sene pumped is allowed to go back to the main tank, The 
heavy black line in the cut indicates the kerosene supply, the 
broken black line the return lines for surplus, and the grey 
lining, gasoline. 


Fig. 10, Control of car: The left pedal gives the two valve 
positions for forward running and the reverse. (T) is pressed 
forward half-way after starting and left there. (F) is the 
reverse pedal, and is pushed full forward when the car is reversed. 
The right pedal operates the service brake, the lever, the emer- 
gency brake. The throttle is the only control used while run- 
ning. A little lever, partly concealed by the throttle lever, is 
for shutting off the fuel when making a long stop. When 
starting from dead cold, the valve turning the gasoline into the 
main burner is used. On the dash the left gauge shows the 
fuel pressure and is seldom looked at. The right gauge shows 
the steam pressure. In the center is the water glass that is 
carried only as an emergency indicator in the event of any 
trouble in the water-feed system. (The Stanley Steam Car 
Co., Newton, Mass., is the manufacturer.) 


Questions Answered Relative to the Stanley 
Steam Car 


Q. 1: Where is the engine located? 


Ans.: The engine is located on the rear axle and supported from 
the rear Axel differential housing, It is swung at the other 
end, from the car frame, by means of a spring strap hanger. 


EXHAUST TO TOP yi 
OF RADIATOR 
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Q. 2: How does the engine drive the rear axle? 


Ans.: The engine frame, made up of four members, is carried 
through the differential housing, turning in an oscillating 
block at that point. Thus the engine and rear axle 
become a unit. The gear teeth of the engine’s main drive 
mesh with those of the differential. 


Q. 3: What is the ratio of the gearing? 

Ans.: This depends upon the size, power, and type of car 
employed. In the older models it is 2:1, and in the later 
models 14:1. 


Q. 4: Where is the boiler located? 


Ans.: The boiler is located in front of the dash, underneath 
the hood and behind the condenser, which is also a radiator. 


Q. 5: What steam pressure is usually carried? 


Ans.: All stock cars, regardless of model, operate on 600 Ibs. 
pressure normally. However, for speed purposes this 
pressure is run up as high as 1,200 Ibs. to 1,500 lbs. 


Q. 6: What is the average time required to raise sufficient 
steam pressure when cold? 


Ans.: The initial time of steaming a car when cold will take 
approximately fifteen minutes. This includes filling of 
the tanks and boiler, as well as the raising of steam pres- 
sure. 


Q. 7: What time is required if the car has stood awhile, after 
having been used? 


Ans.: No time whatever is required for raising the running 
pressure, inasmuch as that pressure has been maintained. 


Q. 8: What is the fuel consumption? 


Ans.: One of the Stanley five-passenger, big touring cars was 
tun for three consecutive months, making an average of 
twelve miles per gallon of coal oil. On long runs, this 
figure is increased as high as sixteen or seventeen miles per 
gallon of coal oil. 


Q. 9: How are the various speeds controlled? 


Ans.: From zero to the world’s record is obtained by the open- 
ing of the throttle, the handle of which is located on the 
steering wheel. There is no other movement on the part 
of the operator for increasing or retarding his speed, other 
than the throttle. 


Q. 10: What is the water capacity and consumption? 

Ans.: The water capacity is 20 gallons carried in a tank 
beneath the car frame and filled through a radiator. This 
capacity is sufficient fora day’srun. We have known it to 
go as high as 350 miles. 


Q. 11: Mention the control levers, valves, etc. 

Ans.: When starting out with a car, a valve is opened which 
places the car under automatic control from that time on. 
‘When brought to a stop, this valve is closed. The operat- 
ing controls are the throttle, tne service and emergency 
brakes, and reverse. 


Q. 12: Where are the control parts located? 

Ans.: The throttle subimposes on the steering wheel. The 
foot brake isin the usual position. Reverse is a foot brake. 
The emergency is a handle brake, located on the side of the 
car. 


Q. 13: What are the advantages of a steam car? 

Ans.: Entire lack of vibration; freedom from gear shifting; 
absence of clutch; absolute flexibility; more power per 
weight than is possible in gasoline cars; a car that cannot 
freeze up in winter weather; simplicity of controls, but 
32 moving parts, counting the wheels; low cost of upkeep; 
greater tire mileage; small depreciation factor; no smoke 
or steam visible in cold weather. 

Q. 14: What are its disadvantages: 

Ans.: These have in later models been overcome, but formerly 
they were: shape of hood; necessity for firing up; likeli- 
hood of freezing; necessity of taking on water every fifty 


miles (before the condensing system was used); steam in 
the street. 
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Plan view of the Stanley steamer. 
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THE.DOBLE STEAM CAR 


How the Doble Differs from the Stanley 


1. The Doble boiler is of the water tube t 
boiler is of the fire tube inne eign ee 


2. The Doble boiler consists of 28 sections, placed in an insu- 


lated casing. The Stanley boiler is in reality a big drum 
standing over the burners. 


The Stanley 


FEED WATER 
REGULATOR 


ONDENSER RETUR! ——~ 


Fig. 12. Water and steam piping diagram of the Doble 
steam car. The cycle of operations is as follows: Water put 
into the condenser flows to the water tank by gravity. It is 
pumped by a power pump through the regulator and economi- 
zer into the boiler, where it is changed to steam. Steam from 
the boiler passes through the throttle into the engine, thence 
to the condenser, where it is reduced to water again. 


Fig. 13. Air and fuel piping: Air pressure of 2 lbs. per 
square inch is maintained in the fuel tank. The blower 
motor is started through a switch, after which speed is regu- 
lated automatically by the steam pressure. 


3. The Doble has no pilot light (the mixture is ignited by 
oe spark). The Stanley has only a pilot light for igni- 
ion. 


4. The Doble uses kerosene for both starting and running. 
The Stanley uses gasoline for starting, kerosene for run- 
ning. 


5. The Doble slide valve is used only for admission of steam to 


the engine cylinder. The Stanley slide valve regulates 
both admission and exhaust. 


6. In the Doble the exhaust steam goes direct to the radiator. 
In the Stanley, the exhaust passes through a feed water 
heater before it goes to the radiator. 


Features of the Doble 


Sectional boiler: 20 sections used for generating steam and 
8 sections used for feed water heater or economizer. 


Absence of pilot light: This is a radical departure from the 
usual construction. 


Kerosene for starting, as well as for running. 


Wide pistons: Necessary on account of the pistons having 
to open and close the exhaust port (similar to a 2-cycle gasoline 
engine). This is termed the uniflow principle. 


Absence of eccentrics: The valve gear is a modified form of 
the “Joy valve gear’’ in which modification the “‘correcting’’ 
and ‘anchor links” are eliminated, thus simplifying the con- 
struction. 


Final drive (gear ratio): Almost 1 to 1, viz., 47 teeth in the 
drive gear and 49 in the differential. 


A condenser is provided so that the steam is reconverted 
into water, and is used over and over again. 


Lubricating oil is mixed with the water for lubrication of the 
cylinders. (Doble-Detroit Steam Motor Car Co., Detroit, 
Mich., manufacturers.) 


Other steam car manufacturers: Gearless Steam Auto Mfg. 
Co., 635 Symes Bldg., Denver, Colo. 


OWEN MAGNETIC CAR (ELECTRIC TRANSMISSION) 


The Owen Magnetic makes use of an actual 
electric transmission, known as the Entz. The 
arrangement of this system permits the changing of 
all speeds by a small lever similar to a spark lever 
mounted on the steering wheels. The difference 
between this and other gasoline cars lies in the 
magnetic transmission. 


Elementary Principle 


Refer to Fig. 14: (A) shows a magnet with a 
“keeper” at bottom, familiar to everyone. (B) isa 
magnet and pedestal with a hand crank to revolve it. 


(C) is a piece of steel on a pedestal placed within 
the magnet on the same line of travel. It will be 
apparent that as the magnet is revolved by turning 
the crank, it will attract the piece of steel which will 
revolve with it. 


Refer to Fig. 15: (B) is now revolved by the gaso- 
line engine instead of the hand crank, taking the 
place of the flywheel, and revolves at engine speed 
regulated by the throttle. To describe it, we will 
now call (B) a revolving field. 


(C) is now part of the propeller shaft, and to de- 
scribe this, we will now call (C) an armature. When 
the car is running in “high speed,”’ (C) follows (B), 
because it is magnetically locked, but it will be 
noted that we are driving through an air space or 
gap, there being no mechanical connection at any 
time between the rear axle and the gas engine, but 
only magnetism transmitting the torque of the gas 
engine to the rear axle. 


When arriving at a grade which is too steep to 
climb on “high,” we should now stall our gas 
engine unless we applied a form of speed reduction. 


Fig. 15 


Refer to Fig. 16: The conventional electric motor 
(D), as shown, gives us the reductions needed in 


the following manner: 


We now drive through what is in effect a slipping 
clutch, and it is apparent that if it were possible to 
use the power that is lost in heat through the friction 
of the slipping clutch in the gear type of transmission 
car, all the power of the engine would be transmitted 
to the rear wheels and there would be no use for a 


gear box, 
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The magnetic transmission gives us this result, 
as we now find that (C) is trying to keep up with 
(B), but as (B) and (C) now have ceased to be mag- 
netically locked, because we have changed the posi- 
tion of the control lever on the steering wheel, and 
are therefore slipping, the difference in their relative 
speeds generates electricity which is led to (D). 


Armature (E), being of the same form as (C) and 
on the same propeller shaft, takes the electricity 
generated by the slip, and acts as a power booster 
on the propeller shaft, giving us innumerable speed 
reductions, wonderful flexibility, and absolute 
silence at all speeds. 


Fig. 16 


The large horseshoe magnet (B) (Fig. 16) is 
revolved by the engine. The magnetic lines of force 
create a drag on the armature (C) which carries 
the armature with it. By elaborating on the con- 
struction as shown, the slip energy created by the 
difference in rotating speeds of magnet (B) and 
armature (C) is converted into potential electric 
force and carried to the motor whose field coils are 
shown as (D) and armature (E). 


Control Lever Positions 


Charging: Car stationary, engine running. 
Generator charging starting and lighting battery; 
seldom necessary, as battery is automatically 
charged on high-speed position when the car is in 
motion. 


Starting: Current from the starting battery 
operates the generator as a motor for the starting 
engine. When the engine has started, bring the 
lever to neutral position. 


CHARGING 


STARTING 
| conTROLLER 


LEVER-Now 
Na neutra) 


Fig. 17. Control lever positions of Owen Magnetic Car. 


Neutral: Car stationary, engine running. The 
clutch generator circuit is open, and the motor is 
short-circuited on a resistance. Bring the lever to 
first position. 


_ First position: Generator producing light clutch- 
ing effect and maximum current for electric motor. 
The result is a maximum difference between engine 
speed and car speed, producing greatest torque or 
pulling power. 


Second position: The clutching effect of the 
generator is increased and the supply of current to 
the motor is decreased. Result: the car speed 1s 
increased. 


Third position: The clutching effect of the genera- 
tor is further increased and more of the driving 
power is transmitted. _The motor does correspond- 
ingly less work. Result: an increase in car speed. 


Fourth position: The generator continues to 
transmit more and more of the driving power, the 
work of the motor gradually decreases. Result: car 
speed increases. 


Fifth position: The same general action. The 
generator is carrying nearly all the load, while the 


‘motor is practically idling. 


High: On this position clutching effect of the 
generator has increased nearly to the locking point, 
transmitting all the driving power. The motor no 
longer assists, but operates only as a generator to 
charge the starting and lighting battery. 


The gear ratio on the Owen magnetic car, 7-pas- 
senger, 1s 414 to 1, and on the 5-passenger car, 314 
to 1. 

Principle of Construction 

In place of the flywheel, clutch, gearset, starting 
and lighting system, and their auxiliary parts, two 
direct-current dynamo machines and a drum con- 
troller have been substituted. 


Fig. 18. Field coils, ete., of the electric transmission system 
forming the flywheel of the gasoline engine, as mounted on the 
Owen magnetic car. 


Clutch generator: One of the dynamo machines 
has its field magnet frame directly connected to the 
engine crank shaft, taking the place of the ordinary 
flywheel (Fig. 18). The armature of this machine is 
mounted on a large, hollow shaft, which is directly 
connected to the propeller shaft (Fig. 19). This 
machine is called the “clutch generator,’’ as it acts 
both as a clutch and as a generator. There is no 
mechanical connection between the engine and the 
rear axle; it is connected through an “air gap,” 
which is entirely a magnetic connection. ; 


The motor: The second dynamo machine has its 
armature mounted on the same hollow shaft as the 
first, and its field magnets are stationary; it is 
called the “motor,” as it is generally used as a motor 
to help drive the propeller shaft, and to boost the 
the effort of the engine as transmitted through the 
clutch generator, which, like any clutch, can trans- 
mit only the engine effort or torque. 
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Fig. 19, 


The clutch generator is used as a clutch alone, on 
the high speed, when it is short-circuited upon itself, 
and a small speed difference between armature and 
field, or a small slip, is necessary to establish the cur- 
rent in its windings which energizes it and causes it 
to act as a clutch. 


On the high-speed position the motor plays no 
part in the transmission of power, but is used as a 
charging generator for the storage battery, which 
later is used for cranking the engine and for the 
electric lights. 


The electric motor aids propulsion. On all power 
control positions other than the high, the motor 
helps turn the propeller shaft, by taking current 
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Fig. 20. Section through Owen-Entz electric transmission. 
and the collector rings shown are for the purpose of connecting t 


brushes of the generator revolve with the field. The two armatu 
is attached to the propeller shaft and has no connection with 


from the clutch generator in which circuit it is 
included. At these times the slip in the clutch 
generator is greater than is needed to energize it as a 
clutch, and the additional slip produces the current 
required for the motor, which it utilizes for giving 
additional turning effort to the propeller shaft. 


The different graduations of speed and torque are 
controlled by the relative strength of the generator 
and motor field. The weaker the generator field 
compared to the motor field, the greater the slip, and 
the more electrical energy goes to the motor for pro- 
ducing greater torque. 


Besides the positions of power control, there is a 
neutral position in which the clutching effect is cut 
out, but the motor is so connected, through a resist- 


he field-current of the generator to the various circuits. 
res are identical, and both are keyed to the hollow shaft which 
the gasoline engine. 


GENERATOR 
COMMUTATOR 
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Armature of motor and generator attached to the propeller shaft, as on the Owen magnetic car. 


ance, as to act as an electric brake, in which case it 
becomes a generator, taking power to drive it, and so 
braking the car. 


_This brake is most effective when the speed is 
highest, and is ineffective below 15 m.p.h.; it will 
hold the car on any mountain grade to 20 m.p.h. 
without wear of any parts, and can be applied 
with the car going 60 m.p.h. It cannot hold the 
wheels, and there is little danger of skidding, 
as the braking effort disappears at speeds below 
15 m.p.h. 


Manufacturers of this car are the Owen Magnetic Motor Car 
Corporation, Wilkes-Barre, Pa. 
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Generator field cores and coils form the gasoline engine flywheel 
The 


(Motor Age.) 


Parts of Owen-Entz Electric Transmission as 
Shown in Fig. 20 


A—Generator armature. 
AA—Motor armature. 
AW—Armature winding. 
B—Brushes. 
FW—Field windings 
FR—Field rings (the fields FR may revolve without 
any motion of A). 
S—Continuous shaft. 
X—Coupling connected to the drive shaft. 
PP—Pole pieces. 
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FUNDAMENTAL PRINCI 
SI 


There are two essential factors necessary in order that the 
airplane, a heavier-than-air machine, rise from the ground. 
They are thrust and lift. 


There are two factors which offer resistance to the airplane 
rising from the ground, they are known as gravity (resistance 
downwards) and drift! resistance horizontally, also known as 
“head-resistance’’). 


The aerial screw or propeller produces the thrust through 
the air, which overcomes the resistance or drift. The lift 
increases as the speed of the thrust increases, therefore gravity 
is overcome and result is the wings have a lifting effect, pro- 
duced as will be explained. 


It is well to note that, for an airplane to be supported in the 
air, it is essential that it be kept in motion through the air and 
not by the motion of the air past the airplane stationary. In 
other words, the mass of air engaged, the velocity, and force 


with which the wing surfaces engage the air, 18 the theory 
advanced for the support of the plane in the air. 


How this lifting effect is brought about, is explained as 
follows: 


PARTIAL VACUUM 
OR LESS PRESSURE 
WHICH. OFFERS LESS 
RESISTANCE TO LIFT 


LINE OF FLIGHT 
OR MOTION 


CENTER OF PRESSURE 
WHERE AIR IS COMPRESSED 
GIVING A TENDENCY TO LIFT 
VARIES 


4 Supporting and lifting effect under wing: The wing surface 
is (W) (Fig. 1). The horizontal line we will call the direction of 
line-of-flight-or-motion.” The dotted lines represent the wind 
or air current, and at another point, say one-third of the way 
back from the front or leading edge of the wing tip, is the 
“center-of-pressure,” which varies. As the bottom of the wing 
meets the air, it results in the air striking the under part of the 
wing, when it is compressed, causing the compressed air to 
push? up against the under surface of the wing. The air is 
gradually diverged downward, thereby giving the wing its 
supporting effect. 


Lifting effect above wing: Over the upper surface of the wing 
the opposite action is taking place. 


Instead of pressure above the wing, the theory is that a 
partial vacuum is created by the air striking the forward edge 
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PLE OF AN AIRPLANE 


of the wing and being deflected upwards and over a greater part 
of the wing surface, as shown in Fig. 1. In other words, there is 
very slight air pressure above. The result is that if the pres- 
sure below the wing is greater than above it, and a partial 
vacuum is created above the wing, the mass of air engaged under 
the wing by motion produced by the thrust of the propeller, will 


cause the wing to have a lifting effect. This is the fundamental 
principle of flight. 
(9 ay w 
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CLINE OF FLIGHT OR MOTION 
ANGLE OF INCIDENCE 


_ The angle between this line (O) (Fig. 2) and the line-of-motion 
is termed the “angle of incidence,” and right here, together with 
the curve or camber of the wing, is what governs the lifting 
cape Ese of an airplane, of course assuming that the thrust 
is equal. 


Parts of an Airplane (Fig. 3) 


Propeller or aerial screw. 

Radiator. 

Cock-pits. 

Fixed horizontal stabilizers to buoy up the tail when flying, 
as the rear of the machine has a tendency to drop tail down 
whee the wings at the front are at an extreme angle to the 
wind. 

7. Elevators for ascending or descending; controlled from the 
cock-pit. Elevator up causes the machine to ascend, and 
down, to descend. 

8. Rudder, controlling the direction or turning. The rudder 

is hinged and controlled from the cock-pit. 

9. Ailerons produce side or lateral tilt. Used to balance the 
machine if inclined sidewise. 

10. Wing surface or aerofoil. aa i 
11. Body: Fusilage is the frame work, separate from the wings. 
Chassis or landing gear are wheels underneath (not shown). 


So Oe ae 


1 Drift also refers to resistance offered by the shape of wings, 
struts, etc., or any other factors which would have a tendency 
to oppose lift. 


2 The air must meet the wing surface at such an angle that a 
downward velocity be given to it after the plane has passed over 
it. The actual velocity required will depend upon the weight 
to be carried and the supporting surface that is used. 


The machine will slightly ‘‘nose-down’’ when the power of 
the propeller or thrust is off. If nosed-down too much, descent 
will be too rapid; thus elevators are then used and the machine 
glides to a landing. 
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REMODELING OLD CARS: Speeding up Old Cars; Redesigning and 
Speeding up a Ford; How to Make a Motor Sled 


DESIGNS FOR REMODELING OLD CARS 


The following suggestions and illustrations are 
from Motor Age. Details as to construction are 
not given. 


The different methods employed are shown in 
the dotted lines. For instance, in the Buick model 
“30,” the idea is shown whereby bucket seats are 
installed and a cowl is built around the seats. The 
gear ratio is changed to 234 to 1. 


pa, 
FRONT VIEW 
OF SHIELD 


Fig. 1. Suggested method of connecting oil pump on side 
of racer body with oil tank in rear and motor crank case. 


Fig. 7. Speedster body on Saxon ‘‘six’’ designed after ideas 
of Motor Age reader. 


Fig. 2. Sketch showing how a model ‘‘30” Buick may be 
stripped down into a speedster. 


Fig. 8. An exclusive Motor Age design for a four-passenger 
touring roadster. 


Fig. 4. Mercer with body similar to Mulford’s Frontenac. 


Fig. 9A. Speedster body for early model Cadillac “eight,” 


Fig. 5. Suggestion for roadster design for early Pierce-Arrow. with cantilever springs to reduce overall height, 
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REDESIGNING AND SPEEDING UP OLD CARS 


Generally speaking, the replacing of the old body 
with a raceabout type is the most important con- 
sideration in rejuvenating an old body, but usually 
the steering column has to be lowered and some- 
times a leaf removed from each of the springs to 
make up for the lighter body, although this latter 1s 
not essential by any means. All too often, old cars 
have springs that are too weak for the heavy bodies 
with which they were originally burdened, and these 
prove just about right for the lighter bodies. 


Changes in the valve timing are often made to 
assist in the speed possibilities, and sometimes dif- 
ferent axle gears are used so as to raise the ratio 
between engine and wheels. It must be borne 1n 
mind, however, that many chassis and engine 
changes of this kind will work to the disadvantage 
of the car for slow running. They will serve to 
make the machine faster, but they hamper the 
engine’s ability at low-throttle running. In other 
words, it will not have the proper flexibility on high 
gear. 


The body being the first consideration in making 
a speedster, it might be well to take up some of the 
possible designs. For Fords the combinations 
offered by concerns making a business of this kind 
of work are indeed attractive. You can get a com- 
plete outfit of radiator, hood, floor boards, rear 
gasoline tank, and body in the neighborhood of 
$100, and it is surprising what a difference these 
make. Other concerns make a specialty of the 
body proper, exclusive of radiators, hoods, tanks, 
etc., and it is also possible to get bucket seats alone, 
so that, with a little ingenuity, quite a presentable 
racy roadster can result from combinations with old 
chassis. 


Dressing up the cars: The illustrations shown 
here are suggestions as to how to dress up the chassis 
in several ways. Many of the most attractive of 
the types that have come to our attention have been 
made by enthusiasts, with the assistance of a tinner 
or other tradesman of similar experience. The 
usual form of racing roadster is shown in Fig. 10. 


Fig. 10. Usual form of racy roadster with bucket seats. 


This has bucket seats that are attached directly 
to the floor, with gasoline and oil tanks and tires 
carried at the rear in a way that adds to the appear- 
ance. ‘The dash is sloped slightly, and the steering 
wheel brought down, so as to make steering easy 
with the seats in this low position. Sometimes run- 
ning boards and mudguards are entirely eliminated, 
as shown, with steps at the side to assist in getting 
into the car, while often the owner prefers to have 
the mudguards as a matter of protection. They 
retard the speed a little where fast driving is the 
thing most sought, but it is a question if they do not, 
also add to the appearance. Usually the hood is 
sloped somewhat as an added feature. Undoubt- 
edly a high, narrow radiator also does its part in 
improving the looks, but this is carrying the altera- 


aaa +n on avtromoe 


Wind resistance is quite a factor in hampering the 
speed of a car, far more of a factor, in fact, than 
most motorists realize. To attain greatest speed, 
the head resistance, by which is meant the surface 
against which the wind strikes, must be made as 
gmall as possible, and the body must be so smooth 
along its length that there are no obstructions 
against which the wind can strike and thus form 
eddies. In other words, the air should be allowed 
to slide along the body without having to come in 
contact with lamps or other obstructions. 


Getting streamline effect: This is the streamline 
idea, and in order to carry it out best, the radiator 
should be as narrow as consistent with proper cool- 
ing, the hood should slope, and the rear should taper. 
If a taper tail is fitted, this forms the most perfect 
form of body, so far as wind resistance 1s concerned, 
providing the rest of the body conforms with it. 
Tires and gasoline tanks obstruct the air, and where- 
ever possible they should be placed within the tail, if 
one is fitted. It is not always easy to keep some 
parts from offering wind resistance, for generally the 
spare tires have to be carried outside. Two body 
designs that carry out the wind-resistance reduction 
theory very well are shown in Figs. 11 and 12. 


Fig. 12. A suggested body design for class and wind-resist- 
ance-lowering. 


Thus, even if the engine and gear ratio are not 
altered at all, more speed is obtainable by cutting 
down the wind resistance and fitting the lighter 
body. Usually from 10 to 15 miles per hour are 
added to the possibilities of the vehicle by these 
changes alone, and sometimes, with the engine 
specially tuned for speed work, though timing 
and valves are not altered, it is pessible to get even 
more, The reduction in wind retardation, however, 
permits of raising the gear ratio sometimes where it 
would not be practicable to do so otherwise. Often 
if a car is fitted with a standard ratio of 4 to 1, say 
this can be raised to 3 to 1, if the other factors have 
first been changed. 


_ One of the mechanical points that can be changed 
is the carburetor setting, adjusting it so that while 
it may not allow the engine to throttle down so 
well, it works better at the higher speeds. Usually 
this is the result of making the mixture leaner, and 
it ordinarily has the added advantage of preventing 
the engine from getting so hot. 


The magneto or other ignition apparatus can also 
be altered to conform to the higher speeds, this 
usually being a matter of setting the timing ahead a 


slight amount, the exact extent of which depends 
eantirely nnoan the engine 
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More power, and consequently more speed, is 
often obtainable by reducing the vibration through 
accurately balancing the pistons. In other words, 
a set of pistons each of exactly the same weight 
should be used if possible. Often speed bugs have 
gone so far as to drill the connecting-rods in order to 
lighten these reciprocating parts as much as possible, 
but this ordinarily is not advisable, for the rods are 
undoubtedly weakened thereby, and not being 
designed for such treatment, they often will not 
stand the strain (determined by the amount of stock 
in the rods). 

Extra lubrication is often advisable where the 
Owner wishes to maintain excessively high speeds 
for any length of time. This can be attained very 
simply by rigging up an auxiliary supply that will 
feed directly into the crank case. An easy scheme 
to employ is shown in Fig. 13. A hand pump is 


Fig. 13. One way to fit an-auxiliary oil system when the 
tank is at the rear. 


Fig. 14. Extra oil tank at top of motor, supply from which 
is controlled by a valve. 


pivoted to the floor of the car as indicated, and an 
air line runs from it to the top of the oil tank at the 
rear. The delivery pipe from the oil tank to the 
crank case runs from the lower side of the tank, and 
thus the air pressure, coming from the hand pump, 
forces the excess oil to the engine. 

Sometimes an auxiliary oil tank is fitted to the 
engine and under the hood, if there is room. There 
is a pipe connecting from the bottom of this to the 
crank case, and a valve is interposed in the pipe to 
allow of controlling the oil from the seat by means of 
a rod. 


SPEEDING 


As I have helped in rebuilding several Fords that 
turned out exceptionally fast for the money invested 
in the job, I believe that I have gained some experi- 
ence that may be of value to others, so will set down 
what I have learned, and it may be taken for what it 


is worth. 


Fig. 17. The author’s model of a Ford car that has been 


made fast. 


There have been a few jobs turned out that ran 
into the thousands, you might say, and that were 
Fords in name only when finished. Of these I shall 


1From Motor Age, by Mr. E. B, Williams. 


Such auxiliary devices as these and the altering of 
the cam shaft and valves are extremes to which the 
average man cannot go, although they are con- 
ducive to surprising results where intelligently car- 
ried out. (Motor Age.) 


Racing-Car Exhaust Effect 


The low rumble in the exhaust of a racing car 
is due generally to the design and construction of 
the engine. One method of obtaining this effect is 
to magnify the sound as in Fig. 15. 


Fig. 15. Noise-amplifying exhaust to give racer sound to 
small engines, 


This shows a large sheet-steel cylinder, (A), fitted 
with a conical-shaped head into which the exhaust 
pipe is led as shown. The end of the exhaust pipe 
should be flared, as shown at (B). The rear end of 
the cylinder (A) is covered with a metal cap into 
which several holes have been made. 


We have seen this arrangement used very suc- 
cessfully on asmall high-speed engine, the exhaust of 
which sounded like a high-powered racing car. 
Many of the racing cars give out a metallic-sounding 
exhaust because the exhaust pipes and headers are 
made of thin metal. This thin metal will vibrate 
under the periodic exhaust impulses and set up a 
peculiar ring of its own. Of course, the thinner the 
exhaust pipe, the better will be its radiating effect. 


a 
eek Sra 


Fig. 16. To increase efficiency of exhaust for racing a 
method is to run pipes, with gradual bends from each exhaust 
port, to an expansion chamber. The pipe leading from expan- 
sion chamber to the rear should have a gradually increasing 
diameter to permit gases to expand as they cool. 


UP A FORD! 


have little to say, taking it for granted that what 
is wanted is something that is within the ordinary 
man’s reach, both in a pecuniary way and, if he 
delights in doing his own work, in a mechanical way. 


Division of Work 


The work naturally divides itself into two parts, 
the engine and chassis, or the running gear. I will 
discuss the engine first, it being the most important 
part. 


Engine 


The engine, as it comes from the factory, has 
bored eylinders, and as it is impossible, especially in 
a commercial way, to bore a perfectly true cylinder, 
the first thing you should do is to have your cylinders 
reground by a competent machinist, one who makes 
a specialty of this sort of work. Then you have a 
set of cylinders that are in line, have equal bore all 
the way through, and are as near round as it is pos- 
sible to make them. 
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The pistons I have used were cast of aluminum 
alloy, of course, and were equipped with non-leaking 
rings. Whatever make is purchased, or if you have 
them made to order, see to the following things: 
There should be a rib or “reinforced run” from the 
piston-pin boss up to the piston head on the inside. 
Also several ribs should be cast across the inside of 
the head. This both stiffens the piston and helps 
in carrying away the heat from the explosions. If 
you have the pistons made to order, it is advisable 
to have them cast and machined for two rings rather 
than three. This cuts down ring friction, lightens 
the part, and will hold compression as well as three 
or more rings, if properly fitted. 


In fitting the piston, plenty of clearance must be 
given—from .007’’ to .008”’ at the top being about 
right. This may seem excessive, but remember that 
the expansion of aluminum is much greater than of 
cast lron.-- 


This large clearance may lead to oil pumping and 
foul plugs, and so I have always turned and drilled 
an oil groove in each piston just below the lower ring 
groove, as shown in Fig. 19. The grooves are about 
1/16” deep and 3/16” wide, having the lower corner 
rounded off. There are eight 1” holes drilled 
through the groove at equal distances around the 
piston, slanting down toward the inside. The top 
corner of the ring should also be slightly rounded. 


Fig. 18. The connecting rod has been lightened by dressing 
with a file and drilling holes through the inside web. 


Fig. 19. The tool at the top can be used for lapping the 
pistons and rings. At the bottom is illustrated the preparation 
of the piston and ring to prevent oil going into the cylinder. 


As the piston goes up, the rounded edge of the ring 
and the groove tend to slide over the film of oil on 
the cylinder wall, while in going down, the sharp 
lower edge of the ring scrapes the oil in the grooves 
and it runs through the holes to the inside of the 
piston, and thus back to the crank case. 


Lapping Rings to Fit 


The rings should be of some good non-leaking 
type, or at least be step cut. Fit them in the 
cylinder with a gap of about .004”’, then lap them to 
afit. In lapping them in, they should be placed on 
an old piston (cast iron is best), and worked back 
and forth in the cylinder, keeping the cylinder walls 
well covered with a mixture of exceedingly fine car- 
borundum, or some other abrasive, and oil. As 
the piston is moved back and forth, give it also a 
slight rotating movement. I have used a tool 
similar to the one shown in Fig. 19 for this purpose. 
The wrist pin goes through the hole shown. 


This is a long tedious job, but you will be well 
repaid if it is properly done. It takes from 1,500 
to 2,000 miles to wear in a set of rings under running 
conditions. Be sure to get all the abrasive from 
the cylinder walls and rings after the lapping 1s 
finished, or it will continue after the engine 1s 


running. 


Treatment of Connecting Rods 


You can lighten the connecting rods considerably 
by dressing them up with a file and drilling several 
holes through the inside web. This does not dan- 
gerously weaken them, judging from my experience. 
Do not drill any holes in the last inch toward the 
bottom, as this is where the most strain comes, and 
anyway, this part of the rod is more of a rotating 
than areciprocating mass. In one car the rods were 
chucked up and the lower ends turned out and bear- 
ings (made of Kelly metal) were cast, turned to fit 
andinstalled. After 2,500 miles of driving, most of 
it at high speed, the engine was torn down and these 
bearings showed practically no wear. This metal, 
if used, must be fitted with plenty of clearance. 


Large Valves Are Better 


You will secure better results if the valve ports 
and pockets are turned out and larger valves are 
used. No trouble is liable to be encountered in 
boring the seats and ports from the top, but when 
going in from the side the tool will sometimes break 
through, and you will have to have the hole welded. 
It is best to do this before regrinding the block, as 
the heat, if welding is necessary, will warp the walls 
surrounding the weld. The ports can be enlarged 
3/16’’, and this is necessary if you expect good re- 
sults. I have used tungsten steel valves, giving the 
stems plenty of clearance. 


Fig. 20. 


One auxiliary oil system. 


_ The valve springs must be stiffened considerably, 
either by installing heavier springs, or by placing 
spacers between the upper ends of the springs and 
the cylinder casting. 


_It is good practice to install adjusters, using the 
kind that screws into the valve push rod, it being 
necessary to anneal, drill, and tap the rod. While 
you are about it, drill the length of rod to the head, 
but not through. This lightens the part and cuts 
down inertia, thus helping the valve to close more 
quickly. > 


Cam Shaft 


At this stage we come to the cam shaft, which 
should be of the high-speed type if you can afford ait 
several different makes being on the market. I 
have secured good results with shafts taken from 
Ford cars of early vintage. You will find them 
considerably different from the new type. If the 
regular shafts are used, do not try changing the 
timing, as one tooth on the coarse-pitched timing 
gears of the Ford throws the timing out too much. 
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Remove Magnets 


Leave out the magneto armature coil assembly, 
and remove the magnets from the flywheel, screwing 
back the brass screws and brass magnet supports 
only. It will be necessary to shorten the screws a 
little. They will kick up almost as much oil as 
the magnets, and considerable drag will be removed. 


Crank Shaft 


Now see that the crank shaft is perfectly true; 
then assemble the crank shaft and gearset and try 
out in the lathe, first seeing that the bushing in 
the driving-plate assembly is a good fit on the gear- 
set shaft. If there is any wobble, it will probably 
mean turning up both sides of the gearset-shaft 
flange and the back side of the crank-shaft flange. 
Now reassemble, and turn up the flywheel if neces- 
sary to make it run true. Take out the assembly 
and try on two perfectly level knife-edge testing 
bars for balance. If one side of the flywheel turns 
down, take out the material on that side until the 
wheel stays where you turn it. This may seem a 
lot of trouble, but it is essential that these parts be 
true and in perfect balance. 


Gearset May Affect Bearings 


The power and added strain at high engine speeds 
will sometimes cause the gearset to whip out the 
babbitt bearing at the rear in what is called the 
front ball cap. This will in turn loosen up the rear 
main bearing. J have found it advisable to turn 
out the ball cap and equip it with a bronze bushing, 
fitting it rather loose on the gearset driving-plate, 
assembly shaft to give lots of room for oil. 


Lubrication 


It is good practice to fit some auxiliary oiling 
system besides the gravity one with which the Ford 
is equipped. If money is no object, a force-feed 
system can be installed, which should have leads 
running to all four cylinders, being tapped through 
the walls on each side near the bottom of the cylin- 
ders, and also a large lead running to the front of 
the crank case. I have secured good results by 
cutting a 7%"’ hole near the top of the gearset case on 
the right side, and running a piece of brass or steel 
tubing, also 4%’’, to empty into the timing-gear case 
as shown in Fig. 20. The front end need be only a 
snug fit in the case, but the rear end must have a 
flange which can be bolted to the gearset cover, 
using a gasket between. A sheet-iron partition 
can be installed just back of No. 4 cylinder. This 
can be made as high as it is desired to carry the oil 
level under the connecting rods. Of course, every 
car intended for long distance should also have a 
hand oil pump convenient to the driver which will 
force oil from the reserve oil tank to the front of 
the engine. 


High-Tension Magneto not Used 


While I believe a good high-tension magneto to be 
the best ignition on earth, I have discarded it in Ford 
work on account of the additional power needed for 
driving. Turning a magneto armature over at two 
or three thousand revolutions a minute requires 
more power than is generally thought, in my esti- 
mation. I have used a battery-distributor system 
because it is light, is easily driven, and works on 
the open-circuit idea, thus requiring only four or 
five dry cells for current. 


Cooling 


Some additional cooling is needed. I have 
found the large ‘“V’” honeycomb type of radiator 
to be best. You will find that it will probably be 
unnecessary to use a fan with one of these. If you 
are building a streamline body, it will be better to 
have some radiator maker build one of the tall nar- 
row kind to order, or you may purchase a stock 
radiator. If it is necessary to use the original 
radiator, have a good tinsmith build on an extra 
tank to the top, either back under the hood, or point 
it and extend it out in front. Anyway, the original 
equipment must be improved upon for fast work. 


Carburetion 


For a carburetor I recommend a 114” type, with a 
1144” built-up steel-tubing manifold. The one 
illustrated in Fig. 21 has given good results. No 
cast manifold is efficient, as the rough surface inside, 


Fig. 21. Ford block showing installation of built-up mani- 
fold, carburetor, and ignition apparatus. 


with possible fins and irregular turns, seriously ham- 
pers the flow of gas. 


Air Pressure on Gasoline Tank 


It will be necessary to use air pressure on your 
gas supply, as the carburetor should be set high, 
thus shortening the manifold. 


Inlet and Exhaust Manifold 


Each end of the intake manifold has a collar 
brazed or welded about 3/16” from the end; so also 
the exhaust pipes, which are of steel tubing and run 
straight out through the hood. A copper-asbestos 
gasket is slipped over the end of the manifold and 
makes a, tight fit between the collar and the cylinder 
casting. ‘The manifolds are held on by crows’ feet, 
which slip over the original studs and bear against 
the outside of the collars. 


Running Gear 


When we come to the running gear, we have two 
things to consider: If the car is to be used for fast 
track work only, by all means lower it. But if you 
want it for other work too, you will probably have 
to leave it up in the air, and sacrifice some efficiency. 


= 


DROPPED FRONT AXLE 


=) 41NCH 
ia] DROP 
[Year 
Fig. 22. Top: Method of lowering front end of frame by 
lengthening frame out and installing extra front cross-member; 


center: dropped front axle; bottom: method of lowering rear 
end of frame 4 in. 


METHOD OF LOWERING 
REAR OF FRAME, 
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The best way to lower the front end, to my notion, 
ig to have a new axle made similar to the one 
illustrated (page 1027, Fig. 22). It leaves your frame 


strong and rigid, and an added advantage is that 
your radius rods are still in a straight line. 


The rear end of the frame can be lowered by cut- 
ting off the side members just. in front of the rear 
cross-member, and using steel forgings as shown in 
Fig, 22. 

The front end, if a cheaper construction is desired, 
may be lowered as shown in Fig. 22, by riveting 
pieces of channel iron on the sides of the frame, 
letting them stick out in front about 5 inches. 


An extra cross-member, similar to the regular 
Ford front cross-member, but with a high instead 
of a low center, is riveted across the front to the two 
new side-extensions. This sets your front axle 
ahead enough to clear the radiator, and the amount 
of frame drop depends on the shape of your new 
cross-members (as can readily be seen) which carry 
the spring. With this method it will be necessary to 
lengthen out your radius rods and the starting crank. 


Assembly Should Be Kept Rigid 


In tilting the steering post, it is desirable to keep 
the assembly as rigid as possible. Have it bolted 
to the dash securely, blocking behind the dash plate 
with a wedge-shaped piece of hardwood shaped to 
fit the space caused by lowering. It will be neces- 
sary to drill a new hole in the side of the frame for 
bolting down the bracket. You can block under 
the bracket where it tips from the frame with steel 
washers before bolting. 


Steering 


The steering-gear connecting rod and the spindle- 
arm connecting rod should both be stiffened. An 
easy way to do this is to place a piece of small chan- 
nel iron or steel tubing alongside the rod and bind 
the two together with several layers of tape, taping 
the whole length of the rods, and then shellacing 
the whole job. Thisis cheap, easy to do, and makes 
a permanent job. 

Axle 


See that the axle tips (casters) toward the back 
of the car at the top. The nearer vertical the axle 
is set, the harder it is to steer, and when the top of 
the axle gets ahead of the bottom, it is almost impos- 
sible to keep the car in the road. 


A good gear ratio for a car put up like this one is 
about 2 4/7 to 1. While I have always made my 
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own special gears, several concerns are making and 
advertising them. Some makes sell for $15. 


While you have the rear end down, see that the 
differential gears are a good fit on the inside ends of 
the axles. These sometimes get loose and tear 
the key seats out of the axle. 


The rear hub brakes on the Ford were only 
intended for holding the car when standing still, and 
if used when running, they do not last long, and are 
not very efficient at that. The best brakes I have 
used so far were secured from Los Angeles, Cal., 
costing $16 per set. They have large drums and 
external contracting bands lined with raybestos. 


Be sure to see that the transmission bands are a 
perfect fit on the drums and are not adjusted too 
tight. They can set up quite a drag if not properly 
set. 


Speed thus Obtained 


T had one of these cars do 68 m.p.h., and another 
one equipped with wire wheels 71 m.p.h. Of course, 
if economy is no object, a new cylinder head with 
overhead valves and cam shaft, wire wheels, etc., 
can be added, the stroke lengthened, and in this 
way a few miles per hour can be gained, but for the 
man of moderate means the foregoing described car 
will go fast enough and furnish lots of pleasure in 
the building. 


Cost 


The job I have described will run from $200 
to $350, depending on how much of the work the 
builder is able to do himself. 


T have not taken up the construction of the body, 
as that depends upon the taste or ability of the man 
who is building the car, and also upon the use to 
which it is to be put. 


For racing, a pair of bucket seats and a gas and 
oil tank bolted to the frame will get by very well, 
but they are not comfortable or very clean. The 
body shown on page 1081 is good, being neat in ap- 
pearance; it can be made comfortable, and offers - 
little resistance to the wind. While it is not drawn 
to scale, the proportions are near enough right to 
give the idea. There is a gas and oil tank in the 
rear compartment, with the spare being slung on 
the extreme rear. This body should cost you about 
$150 at the average body builders. 


Don’t forget your hood straps, and have them very 
substantial. 


ANOTHER EXAMPLE OF INCREASING THE SPEED OF A FORD! 


Cylinders 


If the car has been driven over two or three years, 
it will be probably advisable to have the cylinders 
rebored to the Ford standard of 1/32’ oversize. 
While this will add only about one-half horsepower 
to the engine, on account of the larger bore, the 
fact that the cylinder casting will have aged suffi- 
ciently to attain its permanent set will have more 
influence on the power of the engine than is often 
supposed. 


Compression? 


It is, perhaps, not generally known that the 
cylinder heads on the Ford cars have not always 
been the same. The cylinder heads used a few 
years ago were not as deep as those used on the lat- 
est models. To obtain higher compression (which 
is necessary for high-speed work), it will be well to 


secure one of these old-style cylinder heads. They 
can be identified by comparing them with cylinders 


of the latest type, using a depth gauge as shown in 
Fig. 23. 


Fig. 23. Measuring depth of cylinder head, 


1From Fordowner, by Mr. Murray Fahnestock. 


*In different Ford races there was not a ear in which at- 
tempts had been made to increase compression by reducing 
compression space, and cast-iron pistons seemed to predomi- 
nate. Gear ratios used were from 234 to3 tol. For long races 
radiators were fitted with tanks for extra water capacity. 
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These high-compression cylinder heads give more 
power, but they are harder on the bearings and make 
the engine more liable to knock, so that many 
owners are very glad to trade them for cylinder 
heads of the latest type, if the difference is pointed 
out to them. 


It is true that different compressions affect the 
power of explosions, and that an uneven compression 
ratio in different cylinders will, consequently, cause 
an engine to jerk. If the compression is excessively 
high, it can keep the spark from jumping the gap in 
the plug. 


__ If the old-style cylinder head cannot be obtained, 
it is possible to plane off about one-eighth inch from 
the bottom of the cylinder head and thus increase 
the compression of the engine to about 70 lbs. to the 
square inch. The work must be carefully done, so 
that a true surface is obtained, or water leaks and 
loss of compression willresult. Good gaskets should 
be used between the cylinder head and the cylinder 
blocks, so that no compression will escape. By the 
use of Prussian blue and a scraper, it is possible to 
fit the cylinder head to the cylinder block without 
the use of a gasket, thus reducing the compression 
space about 1/32’. 


Unless the compression is the same, the engine 
will not be in good balance, and loss of power will 
result. The power lost when one cylinder does not 
fire is far more than one-quarter, and this is due 
largely to a loss of balance. 


Valve Springs 


One of the most important features necessary to 
obtain increased power is good valve action. Valve 
springs are cheap, and it pays to install a new set of 
valve springs occasionally, evenif the old ones do not 
seem tobe wornout. Lively springs close the valves 
promptly and this is especially necessary if the 
engine is to be run at high speeds. If it is to be 
used for racing and the last ounce of power is desired, 
it may be advisable to use special valve springs 
that are stronger than the regular type, but which 
are more apt to break the valves and are more noisy. 


It is, of course, understood that the engine will be 
kept free of carbon and the valves ground frequently, 
if used for speed work. 


Valves and Cam Shaft! 


In order to obtain the highest possible speed, it is 
necessary that the valves be timed differently from 
what is standard practice. For racing, it is neces- 
sary that the valves be given a greater lift, that is, 
that they open farther, and that the cams be so 
designed that the valves be opened and closed more 
quickly. Now these quick-action valve cams cause 
greater wear and tear and make more noise. It is 
also true that the engine will not run smoothly on 
high gear at speeds of less than 20 miles an hour, so 
these special cam shafts are only of value when the 
car is used for racing only. 


For use as a speedster, on average roads, the 
regular cam shaft is probably the best. It is easy 
to set the timing géars one tooth ahead and so to 
open the valves earlier, but this also means that they 
close earlier, and so little is gained by this practice. 


It is sometimes asserted that the speed of the Ford 
engine is purposely limited by the small size of the 
ports or valve openings. This is probably done so 
that careless drivers will not run the engine too fast, 


1 Sometimes the inlet valve is made to open slightly earlier for 
speed work. In this case the engine will not idle down very well. 
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but if it is intelligently handled, it is true that greater 
power can be obtained by enlarging the ports or 
valve seats. A wide seating for the valves is not 
necessary and tends to restrict the flow of the gases. 
One thirty-second of an inch is wide enough, but 
requires more frequent grinding and valve adjust- 
ment than a wider seating, as it wears more quickly 
under the hammering action of the valves. Fig. 24 
shows how the valve ports may be bored out larger, 
but great care should be taken not to break through 
the sides of the water jackets, as the walls are not 
always uniform in thickness, due to the displacement 
of the cores when the castings are made. 


Muffler and Carburetion 


Getting a large charge of fresh gas in the cylinders 
for each explosion is one of the essentials of maxi- 
mum power. Of equal importance is the necessity 
of getting the old burned gases out quickly. For 
this reason, a muffler is often omitted from racing 
cars, although a car cannot lawfully be operated 
without a muffler on the roads of many states. 
However, a cutout is easily attached, and if used in 
moderation, serves the purpose very well. If no 
muffler is used, the end of the long exhaust pipe 
should be somewhat flattened, so that the sound 
waves will be somewhat broken up as they emerge. 
A number of small holes, and diagonal saw cuts will 
also aid in giving a free exhaust without undue noise. 
Or, it is possible to remove one of the baffle tubes 
from the muffler, or to bore additional holes in the 
muffler tubes, so that a comparatively free exhaust 
is secured without losing the muffling qualities alto- 
gether. 


Carburetion: To obtain the maximum speed from 
the engine, a larger carburetor, say the 114” size, 
can be used. This will not be economical of gaso- 
line, and the engine will not run as smoothly at low 
speeds, but with a larger carburetor and a larger 
intake manifold, which should be smooth inside, 
the engine can draw in fuller charges at high speed. 


Pistons and Piston Rings 


The piston rings certainly create friction as they 
rub against the cylinder walls, and if the top ring is 
so well fitted that no compression will escape past it, 
the two lower rings are unnecessary, as they cannot 
stop any gases that do not reach them. Some 
owners prefer to fit special or patented piston rings 
at the top of each piston and claim that it makes 
the engine run more freely. However, if only one 
ring is used, greater care must be taken to keep that 
one ring in good condition. 


If the rings are fitted on an old piston, they may 
be lapped in by using emery, and a more pertect fit 
will be obtained, and then they may be placed on the 
new pistons for actual use. If lapped on the new 
pistons, the grooves (for the rings) in the pistons are 
apt to be worn. 


Pistons: For high-speed driving it is necessary 
that the pistons should be rather a loose fit in the 
cylinders, as otherwise they are apt to seize when 
the inevitable expansion due to heat occurs. This 
does not mean that it is not necessary to rebore 
cylinders or to fit new pistons on old ears, for in 
such cases the cylinders and pistons are apt to be 
worn oval, due to the thrust of the connecting rod 
and so do not have the proper clearance all around. 


Obtaining Balance of Engine 


Light pistons are certainly an advantage, and the 
use of aluminum has much to recommend it, especi- 
ally if new pistons are to be fitted in any case, as 
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then the additional cost will not be so much. In 
case the cast-iron pistons are used, they can be 
greatly lightened by careful drilling, care being 
taken not to weaken them too much. Most of the 
holes should be drilled near the ends of the piston 
pins, for if drilled on the sides, where the thrust 
occurs, they permit the oil to be squeezed out 
and thus to spoil the lubrication where it is most 
needed. 


Light reciprocating parts are the secret of high 
speed and power. If we consider structural iron 
work, we shall notice that beams are made very 
heavy along the edges where the strain occurs, and 
often the center is only a light lattice of thin steel 
strips (see Fig. 18, page 1026, for a drilled rod). 


It is possible to balance the rotating masses of the 
engine, but it is not practicable to balance the recip- 
rocating weights, except to a small extent. But 
by making the parts lighter, the unbalanced forces 
and power-absorbing vibrations are greatly reduced. 
It is more important to lighten the connecting rod 
at the piston end than at the crank-shaft end, be- 
cause the piston end of the connecting rod has a 
reciprocating motion, while the big end bearing has 
a rotary motion. 


Connecting rods: It is also important that the 
four connecting rods be of equal weight and that 
the four pistons have the same weight, so that they 
will tend to balance each other and to reduce 
vibration. 


The alignment of the connecting-rod bearings is 
important. This can best be tested in special jigs 
which are part of the equipment of every branch of 
the Ford Motor Co. If one wishes to align these 


Fig. 24 


Fig. 24. 
Fig. 25. Alignment of connecting rod. 


Increasing the port opening. 


bearings, the piston pin can be placed in one end 
of the connecting rod, and a cylindrical pin, the size 
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of the crank pin, placed in the other end of the con- 
necting rod, and two steel squares used to make sure 
that the two bearings are in perfect alignment with 
each other (Fig. 25). This tests the alignment in 
one direction only and to test them in the other 
plane, it will be necessary to use the same tools and 
a perfectly flat surface, so that the distances from 
the pins to the plane surface can be measured and 
made equal on each side. See Index under “‘Align- 
ment of pistons and connecting rods.” 


Crank shaft: It is important that the crank shaft 
be in good running balance, which is different from 
being in balance when at rest. It can be tested 
by revolving the crank shaft at different rates of 
speed, between centers. The bearings of the crank 
shaft are also important, and, after they have been 
scraped to a good fit, the engine should be driven 
by an outside source of power until the bearings fit 
perfectly. 


Flywheel: It hardly pays to reduce the weight of 
the flywheel, especially if the power of the engine is 
increased and a higher compression is used, but the 
flywheel alignment can be tested by holding a steel 
pointer near it when the engine is running, for a 
wobbly flywheel involves a loss of power. 


Ignition and Lubrication 


Ignition: For ordinary road use, the Ford ignition 
system will furnish about all the sparks required, but 
to obtain the very highest speeds, the more accu- 
rately timed sparks of the high-tension magneto are 
an advantage. If the Ford ignition system is used 
for high-speed work, the magnets and magneto-coil 
assemblies should be of the latest type and the 
vibrators should be adjusted more tightly, so that 
there will be less lag in the ignition. The spark can 
be advanced by bending the rod from the lower end 
of the steering column to the timer. It is also well 
to be sure that the timer is in good condition and 
that the spring holding the roller against the seg- 
ments is strong and quick-acting. It may be even 
an advantage to fasten an additional spring beside 
the one already in place. 


Lubrication: Adequate lubrication plays an im- 
portant part in the maintenance of high engine 
speeds. A good quality of thin oil, which does not 
burn easily, should be used. Heavy oils exert a 
constant drag, and are not needed, if the engine is in 
good mechanical order. Oil holes can be drilled 
in the connecting-rod bearings and larger oil grooves 
can be cut in the bearings. It is also well to fit a 
much larger oil pipe and oil funnel. The oil pipe 
can be drilled with holes opposite each connecting 
rod, so as to supply a good oil bath. 


RACING TYPE OF BODY 


_ An example of a racing type of body for the Ford 
is shown below, together with dimensions. 


As previously stated, one way of increasing the 
speed of the Ford car is by reducing the wind resist- 
ance, by taking off the top, mudguards, and wind- 
shield, and also, by the use of special racing bodies. 


_ The radiator is designed especially for racing, and 
is high and narrow, thus reducing the wind resistance 
and improving the appearance. The radiating sur- 
face is of the patented bridge fin type, and the 
construction is of copper throughout. 
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Fig. 26 


Fig, 27 
Figs. 26,27. Front and side view of a racing type of body, 
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Fig. 28. The radiator is long and narrow: 30” high; 14’ 
wide; and 5’ deep. Water capacity is 4% gallons, including a 
tank at the top of the radiator. 


Fig. 29. 


The wood skeleton of frame of the body. 
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Fig. 30. Side view of metal body (18-gauge pressed steel) 
which is fitted over the wood skeleton (Fig. 29). 
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Fig. 32 
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Fig. 31. 
made of 18-gauge steel with splash plates inside, anchored by 
steel straps. A large polished aluminum filler cap adds con- 
siderably to the appearance. 


Fig. 32. Hood made of 18-gauge steel. 


The gasoline tank of 35-gallon capacity which is 


Fig. 33. Top view of body with gasoline tank in rear. 


Fig. 34. Bucket type of racing seats for the roadster, or 
speedster. The shell is heavy gauge steel, attached and braced 
to wooden seat bottoms, and upholstered with substantial 
imitation leather, known as mule skin. (Can be secured of 
Am. Auto Accessories Co., Cincinnati, Ohio, Lehman Mfg. Co., 
Cannelton, Ind., and Laurel Motor Corpn., Anderson, Ind.) 


Addresses of Body Builders 


F, A. Ames Co., Owensboro, Ky. 
Auto Remodeling Co., 1503 Michigan Ave., Chicago, III. 
Charapion Racing Body Co., 1920 So. Wabash Ave., Chicago, 


O. T. Ford Speed and Power Equipment Mfg. Co., 250 W. 54th 
St., New York, N.Y. 


Laurel Motors Corpn., Anderson, Ind. 


Wires Wheels for Fords 
Budd Wheel Corp’n., 22d. St., and Lehigh Ave., Philadel- 
phia, Pa. 
Dayton Wire Wheel Co., Dayton, Ohio. 
Laurel Motor Corpn., Anderson, Ind. 


Wire Wheel Corp’n. of America (Houk), 1700 Elmwood Ave., 
Buffalo, N.Y. 


Disk Wheels for Fords 


Brook-Steel Corp’n., 1010 Bergen St., Brooklyn, N.Y. 
Dayton Automotive Wheel Co., Dayton, Ohio. 
Detroit Press Steel Corp’n., 4815 Cabot Ave., Detroit, Mich. 


Giehe Machine and Stamping Co., 1200 W. 76th St., Cleveland, 
io. 


Laurel Motor Corpn., Anderson, Ind. 


Racing Parts for Ford 


A concern that makes a specialty of supplying parts for speed- 
ing up Fords for racing, etc., is the Laurel Motors Corpn., 
Anderson, Ind. They supply such parts as enumerated below: 
Racing gears. 

Racing radiators. 
Racing carburetors. 
Racing magnetos. 


, Steering gears; worm and gear type. 
“ Cam shafts for high speed (see page 1033). 


Counter-balances. 

Parts for underslung chassis, etc. 
Pistons: light weight. 

Cylinder heads with 16 valves, etc. 


MISCELLANEOUS SUGGESTIONS OR SPEED POINTERS! 


Oiling a Ford for Speed 


The oil reservoir (R) is placed at any convenient point from 
which oil is pumped by a hand oil pump (P) to the crank case 
) (Fig.35). From hereitis pumped by asmall piston oil pump 
to the oil gage (G) on the dash; thence to the timing gears (T). 


1 This matter is collected from various authoritative sources, . 


The writer has not personally tried out any of the devices, 


The oil pump is placed opposite the No, 4 exhaust cam by 
drilling a hole large enough to permit head (A) to pass through. 


The pump parts are made of brass tube (B) screwed to flange 
(C) having four holes for cap screws. The crank case is tapped, 
and leather gaskets are inserted between. The piston of the 
pump is made of steel. Bushing (D) is fitted into (B) to which 
the remaining part of the pump is screwed. Check valves and 


parts are shown in the illustrations, Fig. 35. 
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The oil pipes are 14’”’ copper tubing, using solderless connec- 
tions. At (F) the pet cock is removed and a fitting is screwed 
into its place. Tubing (G) leads from this to the lower part 
of the oil pump. A hole is drilled at (T) and tapped to take 
the connection. (Motor Age.) 
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Auxiliary Oiling (Another Example) 


The present oil system in the Ford engine, while suitable for 
all ordinary purposes, is inadequate for high speed. The oil 
rotating with the flywheel is caught in a small funnel and is 
carried through a 3” tubing to the timing-gears, flowing to 
the engine case, where it lubricates the moving parts of the 
engine. This funnel can hold only a certain amount of oil, and 
at any speed the tube can handle only a 34’ stream. 


Fig. 36. Home made oil pump. 


The funnel should be made larger, the long way, and higher 
to increase the weight there, and the tube should be replaced 
with one 7/16” in diameter. 


An auxiliary pump is frequently connected to the engine, as 
shown (Fig. 36). An old tire pump can be converted into a 
pump as follows: 


An old tire pump is cut off about six inches below the handle, 
A metal handle is substituted for the wooden one, as shown in 
the drawing. The bottom of the pump is removed and care- 
fully soldered, and the air outlet is soldered up. Two check 
valves, requiring no solder, are fitted to the bottom 
of the pump _by drilling and tapping. The valves 
are, of course, inserted so that they will act in opposite 
directions. The valve allowing the oil to enter the engine 
allows the oil to be forced out of the pump, but will not allow it 
to re-enter, The other valve, working in the opposite diree- 
tion, permits oil to come from the supply tank to the pump 
when the handle is pulled up. When the handle is pushed 
down, one valve closes while the other (the one permitting oil 
to enter the crank case) opens. 


_ The supply tank may be located where most convenient, and 
is connected to the pump by copper tubing. The pump is 
placed under the front seat in a position where it can be operated 
easily. 


Fenders 


For fenders for Ford speed cars, we would suggest canvas 
guards, front and rear. They are easy to make and noiseless. 


Fig. 37. A canvas mudguard, noiseless and easily made. 
The mudguard support also makes good lamp bracket. 


Put a couple of coiled springs at the lower ends, and they will 
never sag. (Newsabout Fords.) 


Lowering the Frame 


The most important point in converting a Ford into a speed-- 
ster is the lowering of the frame, because this car presents an 
awkward appearance with bucket seats and a big gasoline tank 
when high off the ground. 


If semi-elliptic front springs are used, instead of the regular 
transverse spring, the semi-ell ptic springs can be fastened under 
the axle by means of a U-shaped piece of flat steel (Fig. 38). 
Thus, the front of the car can be lowered several inches with 
but little change in the front axle itself. However, the frame 
will have to be changed, or special spring hangers must be 
fastened to the frame to form supports for the front ends of 
these semi-elliptic springs. 


Fig. 38. One of the simple methods used to undersling 
Ford front springs. 


Fig. 39. Underslung rear spring. Forked rod (E) was 
anchored at the brake rods (D) and at the frame avec). 
Spring (B) was shackled to the rod by (A). 


Vig. 40. This Ford front axle is a special forging with 


dropped ends, 
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Fig. 41. Method of lowering rear spring 4 inches. The 
end of the panel was cut off and a gooseneck fitted as shown. 


A special dropped front axle is shown in Fig, 40. It can be 
made to lower the front end of the car without making neces- 
sary Iconvenient changes in the chassis frame, 


The rear of the frame can be lowered by using the brake 
arm studs in the rear axle housing (Fig. 39) to fasten a forked 
steel bar from the axle to the frame. About two inches forward 
from the fork the spring shackles are bolted and the regular 
cross-spring 1s suspended from them. This gives about a 4- 
inch drop. (Motor Age.) 


Another Method of Lowering the Frame 


The work can be done by any good blacksmith, and will not 
cost more than $15. he principal changes in dropping the 
frame are in making the front and rear brackets which allow 
the frame to be hung 6” lower, as shown in Fie. 42. 
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The front bracket consists of a piece of iron, bent as shown, 
and made out of 14” by 2’ stock. The method of attaching 
this is clearly indicated. The top is clamped over the spring, 
and the bottom ends are bolted to the cross-frame member. 


The form of the rear bracket is also shown, and its attach- 
ment is even simpler than the front. The frame is sawed off, 
and the two brackets are bolted in place. Care should be 
taken in making the change not to alter the position of the 
axle relative to the frame backwards or forwards. 


The attachment of the front bracket requires that the axle 
be pushed forward a certain amount—probably 3 inches. This 
must be compensated for by welding pieces in the radius rods 
running to the front axle. 


“STEERING KNUCKLES 
. BENT DOWNWAR’ 


Fig. 43 


The lower position of the crank case requires that the steer- 
ing knuckles be bent downward, so that the tie rod will clear 
it. (Newsabout Fords.) 


A Ford Racing Type Cam Shaft 


A cam shaft designed to give more power and 
greater speed to a Ford is made by the Laurel Motor 
Corpn., Anderson, Ind., the installation instructions 
being as follows: 
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“The exhaust valve opens 55° before dead center and closes 
10° past upper dead center. The intake opens 10° past top 
dead center and closes 55° past lower dead center. This is the 
same timing that was used on the Stutz 16-valve racing car. 


“To remove the regular cam shaft, loosen the two set screws 
that hold the cam-shaft bushings in their place. Turn the 
motor over so that all the plunger pins can be inserted and so 
that they will not drop down into motor case. Remove the 
front cover plate and draw the cam shaft forward, and replace 
with a Laurel high-speed cam shaft. This is practically the 
same as changing any Ford cam shaft, excepting that you chisel 
a slight groove in the first and second bearing retainer, and 90° 
apart for clearance of the cam. The proper clearance between 
the valve stems and plungers should be about 10 one-thou- 
sod of an inch. Set the cam-shaft gears to the Ford 
marks.” 


Ether, Picric Acid, and Gasoline 


Q.: Can ether or picric acid be used for increasing 
power for racing? 


Ans.: Yes, nitrous ether has been used, but is dan- 
gerous. 


Nitrous ether is purchased in glass tubes and is 
put on ice at least 8 hours before the attempt to 
handle, as heat from the palm of the hand will 
explode it, and the shattered glass may put your 
eyes out. Mix one ounce to five gallons of gasoline, 
and you may have to add a little more gasoline or a 
little more ether to get the best results. 


Ether bought in pound cans is suitable for easy 
starting in cold weather, if half ether and half gaso- 
line is mixed and put in a small tank on the dash, 
using a small priming pump to squirt it in the intake 
pipe. This ether can be handled without danger, as 
long as it is kept away from a flame. 


Picric acid: Put one pound of picric acid in a glass 
bottle and fill with gasoline or alcohol; keep in a 
cool place; stir twice a day for one week before 
using. The picric acid will not all dissolve, but 
pour out all the liquid, straining it through a fine 
sieve, and mix in the same proportion as you do 
ether. You can use both together by equally 
dividing them. There is one point to watch closely; 
do not get the mixture too rich. Picric acid is 
injurious to the engine, and will increase heat. 


MOTOR BOAT AND MOTOR SLED 


Ford Engine in a Boat 


The length of boat suggested is 20 to 22 ft., by 5 ft. beam, 
and 1 ft. draft, the latter being for the hull only. The over-all 
draft, or water the boat draws, is determined by the size of the 
propeller. If there are obstructions in the water where the 
boat is to be used, it is better to fit some form of skeg or pro- 
tection below the propeller. 


__ . HAND STARTER 
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Wood BLOCKS PROPELLOR 4 


Fig. 44 


In mounting the engine, fit strong oak cross-members in the 
engine compartment and fasten it in place with lag screws, 
using the same brackets fastened to the engine. 


Leave the transmission attached, and mount the powerplant 
so that it will be level when the boat is in the water and under 
way. Boats rise out of the water when traveling fast, so you 
must make allowance for this. The engine will oil better when 
on alevel. Proper adjustment can be made with shims under it. 


The illustration (Fig. 44) shows a cranking device, by which 
the engine can be started from the seat. Arrange to drive a 
centrifugal or gear pump to force the cooling water around the 
jackets. Be careful not to get this pump too large, or the engine 
will be overcooled. Arrange to run some of the overflow water 
into the exhaust pipe, a foot or more from the engine, which 
will help to muffle the noise. 


It is hard to give specific propeller dimensions, but if built 
somewhat after the design shown, one having a diameter of 
15”, three blades, and a pitch of 22° would be about right. 
(Motor Age.) 


A Motor Bob—Wheel Drive 


Riding board 14” wide x 114” thick. Two 7” strips may be 
used, but a single plank is best. Two 1’’ x 3” pieces strengthen 
it. ‘Two running boards hung on steel brackets offer a foot 
rest for passengers. Sleds should be made of hardwood with 
steel runners. 


The engine is of the motorcycle type, mounted in a frame of 
34’ round stock (Fig. 47). The weight of the bob is not carried 
on the wheels; therefore two heavy coil springs force the wheel 
to the ground (Fig. 45), by pull on the frame. 


Also note the skid chain on the motorcycle wheel, which is 
Steering is shown in Fig. 46. 


to give it traction. 


Fig. 45. Planand elevation of the wheel-driven motor bobs 
Note the trussed riding board and underslung foot rest. The 
brake is connected with the pivoted foot rest of the steersman 
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A Motor Bob—Propeller Drive 


This is not recommended for narrow-gauge bobs. It has 
an advantage over the wheel in that the wheel has difficulty in 
obtaining traction in soft snow or on broken roads. If a pro- 
peller is used, it would be better to ask some aeroplane propel- 
ler manufacturer as to revolutions and size. (Automobile.) 


Fig. 46 


Fig. 46. Detail of the front bob mounting, showing the 
steering mechanism. 

Fig. 47. 
the rear. 
braced. 


A simple method of mounting the propeller at 
The standards are made of 2-in. angle irons, rigidly 


Fig. 48. Side view of propeller. 


Fig. 49. 


Detail of the motor mounting and the drive-wheel 
cradle. 
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Building a Motor Sled Using a Ford Engine 


An idea of such a device is shown in Fig. 50. 
The narrower the job, the faster it will be, but it will 
require more efficient handling, particularly when 
making turns, where it will be necessary to slow 
down materially. The length will have to be worked 
out to suit the fittings. Because of the length 
required, there should be a truss under each side 
member, which can be made of a 3/16’ rod with 
about 3”’ studs and a turn that goes to take up the 
slack. Besides having the front bob made to swivel 
to enable steering, there should be a step on each 
side upon which to brace the feet. The engine will 
set a little back of the middle, and this will about 
balance the weight of two passengers sitting ahead. 


Fig. 50. A motor sled using a Ford engine. 


To use a Ford engine, it will be necessary to fit a 
bevel gear to the end of the shaft, and a bevel gear 
on a cross-shaft, upon which is to be a driving 
sprocket, which can be the same as those used on 
motorcycles, Provide a truss bearing on the back of 
each bevel gear and, of course, the necessary oil holes 
in the bearing carrying the countershaft. The size 
of the shaft upon which the bevel gear should be, 
will depend upon the location of the drive wheel. 
It should be on the right side looking forward, as 
the flywheel of the engine should be set to the front, 
which will make the engine turn to the left when 
looking backward. 


You can easily connect up the throttle, spark, and 
transmission levers to suit your needs in accordance 
with the position of the operator, who will sit in 
front. This can be arranged so that one can steer 
and one in the second seat can operate the levers; 
but this will be bad, in that one person could not 
manage the bob alone. The person in the second 
seat can operate the bob aloneif an auxiliary steering 
arm 1s placed back and connected at right angles 
out to the side of the bob. We should recommend 
a mechanical starter as being a cheaper installation. 
The knob handle of the mechanical starter is shown 
at the rear of the gasoline tank. (Motor Age.) 


MOTOR WHEEL AND AUTO-PED 


The Smith Flyer (Fig. 51) is a light motor vehicle made from 
a four-wheeled buckboard with a Smith “motor wheel” at- 
tached to the rear. 


This machine, though its entire relent is but 135 lbs.., is 
capable of running at 20 to 25 m.p.h., and runs from 50 to 60 
miles on 1 gal. of gasoline. 


MOTOR WHEEL 


_ The Auto-Ped, manufactured by the Auto-Ped Co. of Amer- 
ica, Long Island City, N.Y., is shown in Fig. 52. To drive it, 
the operator isin a standing position, A 6-volt lighting genera- 
tor is inclosed in the flywheel case, 
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Fig, 8 


Fig. 1. Crane wheel pullers. The on let fi i 
various length attachments. perenne ey 


Fig. 2. A special attachment which makes an arbor press. 
Fig. 3. 
All three of these are manufactured by the Crane Puller Co., 
Arlington, Mass.; also write to W. EK. Prudden Hdw. Co., 864 


8th Ave., New York, N.Y., for information on another type of 
wheel puller. 


Removing a flywheel. 


Pulling a wheel from a rusted axle is a bigger job than it 
appears. If the axle is greased before the wheel is put on, the 
probabilities are that it will come off readily; if not greased, 
it will, more than likely, be a task. A wheel puller can be 
bought of any auto supply house, or one can be made by a local 
blacksmith. Every repair shop needs a wheel puller. 


A wheel puller can also be utilized for removing flywheels, 
transmissions, gears, collars, pulleys, couplings, marine pro- 
pellers, ete. 


Fig. 4 


This puller is used to remove 
the rear wheels of the Buick. The wheel flange and axle are 
removed and the puller bolted to the flange bolts. A steel 
button is then placed in the rear axle tube, and the pressure is 
applied by the central screw. By having several sizes of steel 
buttons, and making the flange bolt holes oval, this puller may 
be used on many cars. 


Fig. 4. Rear wheel puller. 


Wig. 5. A special puller is required for the removal of the 
Dodge rear wheel. After the removal of the outside flange and 
the rear axle, the frame of the puller is bolted on to two of the 
flange bolts. The plunger on the end of the screw fits inside 
the rear axle housing, giving leverage that permits the ready 
removal of the wheel. The frame is made of cast iron, rein- 


forced by ribs; the screw is a 34" bolt. 


Fig, 6. This makeshift wheel puller is made from two long 
bolts (B), with nuts, a short thick bolt (D), and three pieces of 
iron drilled as shown. These parts are applied to the wheel 
with the short pieces of iron behind the spokes of the wheel, 
and the bolt (D) communicating between the bar and the end 
of the axle shaft. By taking up evenly on the two nuts with 
the wrench (M) and occasionally striking the bar opposite 
the bolt (D) with a hammer, a very stubborn wheel can be 


easily removed. 


1 From Motor World and Motor Age. See page 1041 relative 
to a book which gives 1,500 time and labor-saving kinks, 
methods, and devices. 


Fig. 6 


Fig. 7. Steering-post puller. Two wooden blocks clamped 
to the steering post by a heavy metal clamp offer a convenient 
brace for a jack, thus permitting the removal of the steering 
post. After applying a strain to the post by means of the jack, 
a few blows on the blocks with a heavy hammer so loosen the 
post that it may be drawn out without injury. 


Fig. 8. Vise clamps made of wood, 14’ sheet copper, and 
sometimes sheet lead. These are useful and necessary where 
the material is to be clamped in a vise, which would mar its 
surface otherwise. When made of sheet copper or lead, use 
V4’ thick clamps cut to the size of the vise jaws, and bend over 
the top of the jaws to support them in place. When made 
of hardwood, bore holes through and then saw across, about yy’ 
or more being cut away; or they can be cut to a V. These 
latter will take bars or pipes of various sizes without injury. 


Fig. 9. Vise clamps for working with tubing. Note the 
spring tension which keeps clamps in vise when the jaws are 
opened. 
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WR GRADUATIONS 
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Fig. 10 Hig, Li 


Fig. 10. Extension socket wrench. By mounting a socket 
wrench head in the end of a 4 ft. length of 2” pipe, an extension 
wrench is made that facilitates the removal or replacement of 
the nut on-the rear-axle drive pinion. A steel ring is first 
shrunk on the end of the pipe, to provide strength; the pipe is 
heated red, and the cold socket-wrench head is driven into the 
pipe. When cool, the head is firmly held in place. Because 


of the long handle, a pipe wrench may be used to get a leverage, Fig. 15. Wheel-aligning fixture. The alignment of either 

and the workman may work from an uncramped position. the front or rear wheels may be tested by this fixture.. The 

4 ‘ P frame is made of wrought-iron pipe, and is adjustable by means 

Fig. 11. This home-made arbor press is made of channel of sliding joints. The feature of this fixture is that both sides 

sections from an old frame. It comprises an inverted U-shaped of the wheel are tested at the same time; the camber and 

member, supported in an upright position on the channel base amount the wheel’s toe-in can be readily determined. ‘The 
3 Ty 


78 + 


as shown. The overall height is about 51% ft. and the width 4 front wheels should toe in from 1 to 
ft. The pressure screw is carried on two large nuts that are ‘ TEs 
old clutch flanges tapped out, both the screw and the nuts hav- 
ing square threads. An old flywheel, keyed to the lower end 
of the pressure screw, serves as a hand wheel, and is provided 
with vertical pins so that a pinch bar may be used to increase 
the leverage. 
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Fig. 16. The saw stand illustrated is useful in cutting off a 


, 4 s long bar of stock i yer saw ion i i 
Fig. 12. A gear puller for removing tight gear wheels. that nahin tere: nee Tts construction is so simple 


The illustration explains its construction and action, 
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Fig. 13. A home-made gear-wheel puller. First eet a 
piece of soft iron or steel. This piece must be 5” long and 1” 
square. ‘Then find a long spring clip, the longer the better; 
cut the clip in two pieces at the bottom about 14” from the 
inside of the clip; then you have the arms completed. 


To make the cross-member have a piece of iron or ¢ ne 
square by 5” in length; drill a hole in the center and pee 
threads for a 14” bolt. Next you can drill three or more smaller 
holes on each side of the large center hole, and tap these holes 
out to fit the threads on the spring clip; then you have an 
adjustment for three or more gears. ? 


Fig. 14. The brace rod from an old windshield 
made into an excellent wheel alignment tram. ene ane 
the rod to a length about 2” less than the distance between the 
front wheels, a brass ferrule is soldered to oneend. This ferrule 
is then drilled and tapped to carry a thumb crew in the manner 
shown. The adjustable part of the tram is a piece of 14’ drill 
ae paareed off into 1/16” divisions as shown, and placed within 

e tube. 


USEFUL REPAIR HINTS 


YMELRY CLOTH 


Fig. 19 


Fig. 19. A grinding wheel for doing special work can be 
made by attaching a wooden wheel to the electric drill and 
wrapping a strip of emery paper around the periphery. The 
paper is fastened by cutting a notch in the wheel and holding 
the ends of the paper by driving a wedge into the notch. 


Fig. 20. A very small grinding wheel for mounting in a 
lathe may be used for fine work. The wheel is approximately 
1” in diameter and runs several thousand revolutions per 
minute, this speed being obtained by a double belt reduction 
from the driving drum. The intermediate pulley really floats in 
the air, the shaft it slides on being merely to hold it in case one 
of the belts should break, thereby destroying its equilibrium. 


TIRE CAGE 


SPARK PLUG 
SHELL 


CYLINDER 


Fig. 21. A compression tester is necessary for accurately 
determining the condition of valves and pistons as regards 
their tightness. A cheap but satisfactory one may be made by 
combining a tire gauge and a spark-plug shell. The gauge may 
be fastened to the shell by pouring babbitt or lead in between 
the two, or a special reducing nipple may be used. The gauge, 
of course, is placed in the spark-plug hole when a cylinder is 
to be tested. A weak cylinder can be readily indicated, even 
if the normal compression in pounds is not known, by the fact 
that it will register less than the others. ‘The use of this device 
is very important; it should be employed whenever any 1rregu- 
larity is noted in the operation of the motor. Leaky valves, 
pistons, and valve-stem guides may cause a miss or a jerky 
action that ordinarily would be blamed on the carburetor or 


ignition. 


Fig. 22. A spanner wrench for facilitating the adjustment 
of the silent chain drive on the motor-generator of the Dodge 
car. It consists of a piece of 4” round stock about 9” long, 
bent and formed in the manner shown. To adjust the chain, 
the chain-inspection plates are first removed from the motor 
hen the set screw eae qtneee eect e and 

ing th otor to the hand-hole cover plate are 
i a ened f the spanner wrench te) eosenisio bush 
‘ne is turned until the chain has the proper_tension. hen 
Rocedly adjusted the chain should run without perceptible 


noise. 
i i the 
Fig. 23. A puller for removing the generator gear on 
Dedee car is shown. The housing 1s made of cast iron, cut 
away at the base to engage the gear, and proves an a 34 
set screw for obtaining a leverage on the generator sha + 
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Fig. 24. Crank-case wrench. The retaining nuts on the 
crank case may be quickly removed or replaced by the aid of 
this wrench, The handle is made of 14” round stock bent in 
the form of a bit-stock, as shown. The upper end is fitted 
with a hand rest; the lower end with a socket for engaging the 
nut. A short piece of round stock, slightly larger in diameter 
than the nut eventually to be turned, is drilled, as illustrated 
in the smaller sketch. It is then heated and formed over the 
nut it is to fit, case-hardened, and secured to the handle by a pin. 


Fig. 25. Crank-shaft bearing wrench. It is often difficult 
to get a socket wrench thin enough to fit between the nut and 
the bearing housing of the connecting-rod or crank-shaft bear- 
ing. Or if thin enough to do this, the wrench is too weak 
properly to tighten the nut. A solid S-wrench may be used, 
but is not as satisfactory as the socket for this purpose. A solid 
socket wrench, cut away in the manner illustrated, possesses 
the required strength and has all the advantages of the full- 
socket wrench. As the connecting-rod nuts are not the same 
size as the main bearing nuts, the wrench should be made 
double-ended and fitted with a removable handle. 


Fig. 25 


Fig. 26. The valve tappets of the Maxwell may be readily 
adjusted by means of special wrenches provided for that pur- 
pose. Two standard 626-X check-nut wrenches are purchased 
at any supply store, and bent, after heating, in the manner 
shown. After loosening the lock-nut the adjusting screw may 
be turned until a gage registers the proper clearance. This 
should be from .006” to .009’”. 
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Fig. 28 


Fig. 27 

Fig. 27. One method of locking a car. A hole is drilled 
in the clutch-pedal arm for the insertion of a padlock. It 
prevents the use of a clutch. 

Fig. 28. Substitute for a match. A piece of waste or cloth 
dampened with gasoline is tied to a screwdriver. One of the 
ignition cables to a spark plug is removed and placed near 
enough to the electrode so that the spark jumps across. The 
cloth is introduced between the two, and the spark will ignite 
the gasoline. 


Fig. 29. Silencing mechanical horns. Car owners are 
often annoyed by small boys who persist in sounding the 
mechanical horn when the car is left unattended. A simple, 
but effective, method of discouraging this practice consists of 
drilling a small hole through the plunger rod and slipping 4 
cotter pin through this hole when the car is left alone. ‘The 
cotter pin may be easily removed when the owner of the cai 


returns, 
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Fig. 30. Four steps in making a loop end: (A) insulation 
removed; (B) separating the strands; (C) twisting wires into 
two leads; and, (D) the looped end dipped in solder. (Motor 
Age.) 


BRAKE DRUM 
Fig. 32 


Fig. 81. This isa portable test lamp, used in conjunction 
with a 110-volt lighting circuit, for testing lighting and ignition 
circuits on the car. It consists of a wooden base, on which is 
mounted a porcelain socket carrying a 16-candle-power lamp, 
connected to the lighting circuit as shown in the wiring diagram. 
The test points are connected to the binding post, and any 
metallic connection between the two causes the lamp to light. 
Hence if a wire is in proper condition, the lamp will light, when 
the test points are placed on each end of the wire. If there is 
an open circuit, it will not light. Similarly short circuits and 
grounds may be determined. By short-circuiting the two 
binding posts, the lamp may be used for inspection work. 


Fig. 32. This portable service lamp was made both for 
night service in the shop, and for work on the road. A stand- 
ard headlight, together with its bracket, is clamped to a pipe 
upright, bent as illustrated. This upright is fastened to a 
base that is an old rear-wheel flange bolted to a brake drum. 
Current is derived either from direct connection with the 
storage battery or by plugging into the dash lamp circuit. 
(Motor World.) 


Fig. 31 
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Fig. 33. A shop light, made of a can, protects the globe 
and is not easily turned over, 


Fig. 34. It is a very simple matter to build a device which 
will cause a bell to ring when the pressure in the air tank 
reaches the desired maximum or minimum, thus reminding 
the man in charge that the compressor should be turned off or 
on. ‘The indicating hand on the air gauge completes a circuit 
by touching a metal pin when it moves to either extreme, and 
thus makes the bell ring. These pins are mounted in a@ small 
fiber block, which is riveted to the face of the gauge. The 
two pins are thus completely insulated from the gauge and are 
connected to one terminal of the bell. A short piece of wire 
runs from the other terminal to the battery and the return 
wire is attached to the casing of the gauge, so that current flows 
through the casing and the hand to one or the other of these 
metal points, 


Fig. 34 


* their use for pulling out valves is unusual. 
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Magnets have been used 
many times for picking up all sorts of iron and steel parts, but 


‘Fig. 35. A magnetic valve lifter. 
The magnet shown 
is approximately 34” x 3’’, and is capable of exerting a pull of 
about 7 lbs., and will pull a valve out after the springs have 
been removed. 


Fig. 36. Asimple tool which will be found of assistance for 
removing valves that stick badly, but may be raised slightly, 
consists of a hook of Bessemer steel wire 14” in diameter. 


HORSE SHOE MAG- 
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Fig. 37 


Fig. 38 


Fig. 37. Construction of the magnetic valve lifter. An 
old make-and-break spark coil forms the basis of the device. 
The core is made of a bundle of coarse iron wires. The outside 
of the coil is covered with tape, and has a handle consisting of a 
strip of brass which extends down the sides of the coil to the end. 


Fig. 38. Another magnetic lifter, which is useful for remov- 
ing a nut which may have fallen into cylinder or other inac- 
cessible place is shown. Simply touching the file with the 
magnet makes a magnet out of the file (a long rod may also be 
used instead). 
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cars that have a long inlet manifold. A 3” or 14” copper 


asbestos pads. Asbestos is then wrapped around the manifold 
and pipe, and the heat thus obtained will help to prevent the 
gases from condensing in the manifold at the point where it 
branches out to the cylinders. 


Fig. 40. It is often desirable to determine the exact con- 
sumption of a given car by determining how far it will run on 

me r of fuel. A convenient means of doing 
this is to take an or inary 1-gal. kerosene oil can and place in 
A rubber tube running to the carburetor 
is then attached to the spout, and the can is inverted and tied 
securely at some convenient place on the motor or dashboard, 
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Fig. 41. Ignition tester. To find which cylinder is missing, 
a piece of fiber, 34’’ long, about 44” thick, and 34 wide, is 
taken, and near’ the ends are inserted cable terminal posts. 
Through each post is passed a copper wire, the ends at the 
center being adjustable through lateral movement of the wires. 
One of the wires has a loop at the end for attachment to a plug. 
The ignition cable is attached to the other post. With one of 
these on each plug and the wires at a varying gap, it is possible, 
especially in a dim light orin darkness, to see the action of 
the plugs. See also page 237. 


Fig. 42. Method of heating a long inlet pipe. Annealed 
soft copper pipe of small size is connected with the discharge 
pipe from the water pump, wrapped around manifold, and con- 
nected with the head. 


Fig. 43. Heating the mixture on old carburetors: Improv- 
ing old-type carburetors which were designed for gasoline of 
higher vaporizing qualities and long inlet pipes. 

Many of the old-model carburetors do not work well on the 
present low-grade gasoline. If a carburetor is too ancient, it 
ig best to get a new model, but where it is in good condition, 
many of the older models can be improved by adding a hot-air 
jacket, as shown. 

Use a pipe of some kind and slip over the intake manifold— 
about 34 of its length. Weld it gas tight at each end (sheet 
iron can be made into a pipe), and pour a light layer of babbitt 
in each end to close up any holes or cracks. 

3" 14’ or 34" (the larger the better) flexible pipe is then 
ed le the ris a bottom of the jacket to the exhaust 


pipe as shown, or the lower pipe can extend to the lower part of 
the engine. 


ie. 44, Float valve tester. This illustration shows a de- 
mae ee determining whether the float valve of the carburetor 
leaks. It is designed particularly for pressure systems, 
although it may be used for the ordinary gravity system by 
simply removing the pressure. Tt consists. of a tank partly 
filled with gasoline and provided with an air gauge and hand 
pump. The carburetor is attached, the pressure raised to the 
required amount, and then the carburetor is allowed to stand 
for several hours to determine whether any leakage takes place. 
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Float valves, which may not leak at all when tested under a 
small gravity head, will leak badly when put under a few 
pounds pressure. 
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Fig. 45 


Fig. 46 


Fig. 45. This is a cleaning tank, in which gasoline or kero- 
sene is forced by air pressure in the form of a spray on to the 
part to be cleaned. The container is an old hot-water heater 
boiler. Air pressure is applied through a tire valve soldered 
to the tank, and the cleaning solution is drawn up through a 
small tube to the outlet pipe. A length of rubber hose, termi- 
nating in a copper tube, fitted with a valve, completes the outfit. 
Hither gasoline or kerosene may be used as a cleaning solution, 
but the latter is preferable. 

Fig. 46. 


Cleaning brass parts. Small brass parts, such as 


pet cocks, carburetor parts, etc., may be made to look like new 
by dipping them in the following bath: nitric acid, 75 parts; 
sulphuric acid, 100 parts; lampblack, 2 parts, and salt, 1 part. 
This solution should be mixed and kept in an earthenware or 
glass jar, and the parts should be thoroughly rinsed and dried 
after dipping. 


(See also Index.) 


SMALL PARTS 


Fig. 47 Fig. 48 
Fig. 47. A portable work bench. An improvement 
would be to add shelves underneath for parts. Note the rollers 


(R) and handles (H). 


Fig. 48. This tool box is made integral with its base, and 
is mounted on castors, so that it may be taken to the side of 
the car upon which the work is to be done. The tool box 
proper is shallow, and contains a space for the more common 
tools, in addition to several small compartments for miscellane- 
ous parts. The more valuable, precise, and less frequently 
used tools are kept in a drawer beneath the box, which is 
locked unless in use. See also Fig. 52, 


Fig. 49. A self-opening repairshop door is shown. The 
door is of the sliding type, hung on a horizontal track, but 
counter-balanced with weights swung over a pulley, so that it 
automatically opens when the catch is released. ‘This catch is 
of the hook type, and connected with a hinged board placed 
across the roadway, the car itself releasing the catch and allow- 
ing the door to open. One of these hinged boards is placed 
both on the inside and the outside. of the door, so that one 
entering or leaving has only to get out of the car once. 


‘ 
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fig. 50. A temporary spring repair was made upon a spring 
whose three lower leaves were broken on striking an apparently 
shallow hole in the road which was filled with water. After 
the break (A) occurred, the car was slowly driven to the next 
farmhouse, where some 2 x 4 blocks, a saw, and some baling 
wire were obtained. The short block (E) was cut off first, and 
two shallow grooves (S) were cut into one side of it so that it 
would clear the spring clips and rest flat on the central portion 
of the top spring leaf, The sides of these slots were cut with a 
saw and then finished up with a cold chisel carried in the tool 
kit of the car. The piece (B) then was cut off and nailed to the 
short piece (E), so that the sides were flush and its ends extended 
over the ends of the short block equally distant on either side. 
The top block (C) which was made just a trifle longer than the 
short bottom block, was cut off and slotted in the same manner 
as the under block, only the slots were not so wide and were 
farther apart, as designated by the letter (F). This block 
then was nailed to the long piece, centrally located with the 
slots up. The frame of the car was then jacked up so that the 
injured end of the spring was a little above its normal height, 
and the blocks were set in position as shown and securely bound 
into place with the wire (D). When this was done, a few 
strands were wound about the two top pieces, as at (F) to add 
to their security; then a few more strands were bound laterally 
around the whole, as at (G). This completed the temporary 
repair. 
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Fig. 51. Another temporary repair on an automobi 
spring. The width of the brace should be equal to the aa 
of the spring and the part (B) long enough to lay over the clips 
holding the spring to the axle. The ends (C) should be about 
3 long. Such a brace will effectually repair either a front or 
rear spring, 


Fig. 52. A portable tool stand. Above illustrati i 

: 52, ‘ . ation gives 
dimensions and Fig. 52A shows stand completed. If you oe 
the bins can be divided into smaller sections for cotter pins, 
washers, assorted bolts, nuts, etc, > 


Fig. 52A. Portable tool stand completed. 
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Fig. 53. A concrete block placed as shown will rev 
driving and backing into the door. te 


Fig. 54. Window cleaner. For removin du i 
dows the ordinary rubber-edge window arver ere oun 
a nozzle which gives a flat spray the full length of the edge 
may be used with a considerable saving of time. The noe 
is made from a piece of copper pipe, which is flattened and 
flared, as shown, and is then strapped to the handle, Th 
water is turned on and the tool is rubbed up and down the 
window surface, thus removing all dust and dirt; then the 
water is shut off and the window is dried by scraping drops away! 


Fig. 55. Window ventilator. Some method ilati 

; b of ventilati 
ane, Aer should be provided, and a simple form of ee 
ban oe shown, It consists of a piece of an old windshield 
ey in an inclined position on the window sill by two 
igular supports, and permits the window to be raised and 


the sh i i i q 
recta cauated without causing a serious draught on the 
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Fig. 56. Rough surfaces, such as garage walls, may be 
painted or whitewashed quickly and economically by the use 
of an air spray similar to that used for cleaning motors with 
kerosene. The paint or whitewash is placed ina bucket and the 
application of air pressure to the nozzle, whose construction is 
plainly shown, atomizes the liquid and sprays it against the 
walls. Valves are provided for regulating both air and liquid 
flow, and with a little experience it is easy to obtain an adjust- 
ment which will allow an even and economical application of 


paint. (Popular Mechanics.) 
G Autono ; 
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Fig. 57. Automobile Repairshop Short Cuts.1 A book 


with over 1,500 time and labor-saving kinks, methods, and 
devices, from more than 1,000 of the best garages, service 
stations, and repairshops in the United States. Ideas that 
have been developed to save a good man’s time, covering 
engine, clutch, gearset, running gear, and body repairs, manag- 
ing and equipping the shop, etc. Collected and edited by 
Motor World’s corps of experts. 256 pp., 9 x 12 in., 1,500 
figs., cloth. 


1Can be obtained of A L. Dyke, Granite Bldg., St. Louis, 
Mo. Price of Auto Repairshop Short Cuts, $3.50; price of 
“Motor World” Simplified System of Accounting, $15. 
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Fig. 58. The ‘Motor World’? Simplified System of Ac- 
counting! A simple method of keeping accurate records of 
what you pay out and take in, telling how much you made or 
lost on each department, and showing you how much you 
received, how much the stock and labor cost, how much your 
customers owe you, the amount of your overhead expenses, 
etc. 


It is exclusively a garage and dealers’ system and was pre- 
pared to meet every detail by an expert accountant who spent 
six months in both large and small garages and salesrooms 
applying it to the daily needs of the garageman and dealer. 
As a result the system is so simple that anyone canrunit. 800 
pp., 114% x 15-in., leather index, heavy duck, leather corners. 


Meaning of Some of the Words Used in Con- 
nection with the Auto 


Cardan joint is the same as universal joint. Pantasote is an 
imitation leather used for upholstering and tops. The bore of 
an engine cylinder is the measurement across the circular space 
in which the piston moves; it is another term for the internal 
diameter of the cylinder. The stroke is the length of the path 
through which the piston moves in the cylinder, and is exactly 
equal to the diameter of the circle made by the crank 
pin. The purpose of an accelerator is to open the throttle by 
means of a pedal on the foot board independent of the hand 
throttle. It opens the throttle more quickly than the hand 
throttle, hence the term ‘‘accelerator.” 


Starter Out of Order and Crank Lost 


To start engine if starting crank is lost, or starter fails to work: 
Jack the rear wheel, let clutch in, place gears in “high,” and 
turn the wheel. Or let the clutch in and have someone push 
the car until the engine starts, and quickly throw out clutch 
when engine starts, 
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GENERAL DATA: Horsepower; Miscellaneous Data; Specifications; 
Insurance; Laws 


METHODS OF COMPUTING HORSEPOWER 


The S. A. E. or N. A. C. C. Horsepower 
Formula 


The horsepower of a gasoline engine is dependent 
upon the following things: the number of cylinders, 
the area of piston heads, the average number of 
pounds per square inch exerted upon the piston 
during the strokes (mean effective pressure), and 
the revolutions per minute of the engine. 


8. A. E. means Society of Automotive Engineers. 
This formula was originally adopted by the A. L. 
A. M. (American Licensed Automobile Manufac- 
turers), later by the S. A. E., and now by the N. A. 
C.C. (National Automobile Chamber of Commerce). 


It has been worked out upon the assumption 
that the piston speed 1s 1,000 ft. per min., and that 
the mean effective pressure is 90 Ibs. per sq. in. 
and a certain percentage of developed power is lost 
in friction. Inasmuch as the piston speeds of 
modern engines run up as high as 1,500 to 2,000 ft. 
per min., and the mean effective pressures per sq. in. 
go up to 110 to 120 lbs., it will be seen that this 
formula is not altogether accurate as to the actual 
horsepower, which would be considerably more. 
However, it is used for estimating, and serves its 
purpose. 

Piston Speed 


When this 8. A. E. formula was first adopted most 
engines developed their horsepower at 1,000 feet of 
piston travel per minute. Therefore it was worked 
out under the assumption that the piston speed is 
1,000 feet per minute. 


The factor of piston speed takes in both the 
length of the stroke and speed of the crank shaft in 
revolutions per minute. 


The shorter the crank, the quicker it can be 
turned; the longer the crank, the more piston travel 
per stroke. Therefore the crank can travel more 
slowly and still the piston will travel the required 
distance. 


As an example: Suppose that the stroke of an 
engine is 4 inches: it would have to make 3 strokes 
to travel 12 inches, or 1 foot, because each stroke is 
4 inches in length. Take, on the other hand, an 
engine with a stroke of 6 inches: it would have but 
2 strokes to make for each 12 inches or 1 foot of 
travel. Therefore it is evident that the shorter the 
stroke, the faster the crank must move to cause the 
piston to travel 1,000 feet in the specified time. 

The table below gives the piston travel in feet 


per minute, of engines with different strokes with 
various crank-shaft speeds. 


Stroke in Inches 


SU eR a A eS 


1352 1416 1500 1584 1668 1750 1852 1916 2000 


_ Example: How many feet would a piston travel 
In an engine with a 38-inch stroke when the crank 
shaft was turning 200 revolutions perminute (v.p.m.)? 


Ans.: The piston goes down 3 inches and up 3 
inches to one revolution of the crank shaft. There- 
fore 3 inches down and 3 inches up would be 6 inches 
of travel of the piston to one revolution of the crank 
shaft. With 200 revolutions of the crank shaft, the 
piston would travel 200X6=1,200 inches. As 
there are 12 inches to a foot, then we should have 
1,200+ 12=100 feet of piston travel per minute to 


-200 revolutions of the crank shaft. 


2 
This formula would be: pa SXexk. 


per minute which equals the stroke 8, X2, X R (the revolutions 
per minute of the crank shaft) divided by 12. 


P, is piston travel 


How to Figure the S. A. E. Formula 


This formula is used by all leading manufacturers 
and by the license offices in different cities. The 
formula is expressed as follows: 


(Diam. in inches) 2X number of cylinders 
2.5 


For example: What is the S. A. E. horsepower of 
a four-cylinder engine which has a 4-inch bore? 

By referring to the table below, one 4-inch bore cylinder is 
6.4 and 4 cylinders of 4-in. bore is 25.6 h.p. 
DIN. 

2.5 


Horsepower = 


This is arrived at as follows: h.p.= 


D? (diameter squared) 4X4=16. 
N (number of cylinders) 16X4=64., 
2.5 (constant) 64+2.5=25.6 h.p. 


It will be noted that the stroke of the cylinder was not taken 
into consideration at all. 


S.A.E. Horsepower Table 


wis 
= 0 
3 |1 Cyl-/2 Cyl-| 4 Cyl-] 6 Cyl-| 8 Cyl- | 12 Cyl- 
Inches ae inder |inders| inders | inders| inders | inders 
214 64 25 5.0 | 10.00 | 15.00 20.00 30.00 
56 68 2.8 5.5 | 11.23 | 16.85 22.46 33.70 
34 70 3.0 6.0 | 12.08 | 18.13 24.16 36.23 
i 73 3.3 6.6 | 13.37 | 20.00 26.74 40.00 
3- 76 3.6 7.2 | 14.40 | 21.60 28.80 43,20 
yy 79 3.9 7.8 | 15.64 | 23.50 31.28 47.00 
Yy 83 4.2 8.4 | 16.92 | 25.39 33.84 50.78 
3% 85 4.6 tS OH alison lle 22h} 36.42 54.60 
38% 89 4.9 9.8 | 19.61 | 29.45 39.22 58.90 
58 92 6.3) | 105 12108) |S i.57, 42.16 63.14 
% | 95.) 56] 11.2 | 22.50 | 3375 | 4500 | 67:50 
iy 99 6.0 | 12.0 | 24.22 | 36.32 48,44 72.64 
4- 102 6.4 | 12.8 | 25.60 | 38.40 51.20 76.80 
| 105 6.8 | 13.6 | 27.20 | 40.80 54.40 81.60 
4%} 108 7.2 | 14.4 | 29.00 | 43.50 58.00 87.00 
Se Lie 7.7 | 15.3 | 30.65 | 46.00 61.30 92.00 
414 | 114 8.1 | 16.2 | 32.40 | 48.60 64.80 97.20 
5g | 118 8.6 | 17.1 | 34.28 | 51.41 69.56 102'81 
% | 121 | 9.0 | 18.0 | 36.15 | 5420 | 72'30 | ios4o 
% | 124 9.5 | 19.0 | 38.25 | 57.21 76.50 114.42 
5- 127 | 10.0 | 20.0 | 10.00 60.00 80.00 120.01 
¥% | 130 | 10.5 | 21.0 | 42.20 63.20 84.40 eae 
4 | 133 | 11.0 | 22.0 | 44.20 66.40 88.40 132.80 
Pe || ileie |) MlGy || 23351 46.34 | 69.50 92.68 139.00 
54 | 140 | 12.1 | 24.9 48.48 | 72.72 96.96 145.44 
5g | 143 | 12:7 | 25.3 50.80 | 76.10 | 101.60 152.20 
4 146 | 13.2 | 26.4 | 53.00 79.50 | 106.00 159.00 
% | 149 | 13.8 | 27.6 | 55.98 83.88 } 110.56 167.76 
6- 152 | 14.4 | 28.8 | 57.70 86.64 | 115.40 173.28 


at a ee 


1042 


GENERAL DATA 


1043 


POWER, WORK, HORSEPOWER, AND TORQUE; MEANING OF 


Now that we know one method of computing 
horsepower, we will get down to fundamentals, so 
that we may have a clear understanding of this 
subject. 


Power: In order to understand power, one must 
consider that its definition is the rate (speed) of 
doing work. 


Work is a force acting through a distance. For 
example, if we lift 10 lbs. through 2 feet, we accom- 
plish an amount of work equal to 10 Ibs. X 2 ft., or 
20 foot lbs. 


The next factor is the rate (speed) of doing this 
work, For example, suppose we lift 10 lbs. through 
2 feet in 10 minutes, our power is 10 lbs. X 2 ft.+ 
10 min., or 2 foot pounds per minute. 


Horsepower (h.p.) is, then, a unit of power, 
namely the accomplishment of 33,000 ft. lbs. of 
work in 1 minute, expressed as 1 horsepower (1 h.p.). 


The horsepower unit is used in motor work as a 
standard rate of doing mechanical work, equal to 
33,000 pounds (or weight) raised through a height of 
1 foot in 1 minute; or any factors which multiplied 
together equal 33,000 ft. lbs. in the same time, is 
also equal to 1 horsepower. The horsepower has 
nothing to do whatever with the power developed 
by a horse—but in the days of Watt and early 
engineers (of the eighteenth century) the work in 
ft. lbs. capable of being done by an average draught 
horse in 1 minute was taken as the unit of power. 
The French horsepower equals 32,549 ft. lbs. of 
work in one minute, expressed as 1 horsepower, and 
is thus less than the English standard. 


Torque is the product of force multiplied by the 
distance at which it is exerted from the center of 
rotation. For example, suppose we have a 1-foot 
pipe wrench and we apply a force of 40 lbs. on the 
end of that wrench, we shall then exert a torque of 
40 Ibs. X 1 foot, or 40 ft. Ibs. of torque. On the 
other hand, if we had a 2-foot pipe wrench and 
exerted 40 Ibs. on the end of it, we should exert a 
torque of 40 lbs. X 2 feet, or 80 foot Ibs. of torque. 
This explains why it is easier to unscrew a pipe 
coupling with a 2-foot wrench than it is with a 1- 
foot wrench—the torque is greater. 


When we say an engine develops 83 ft. Ibs. 
torque, we mean that at a distance of 1 foot from 
the center of the crank shaft the engine would exert 
a force of 83 lbs., or at a distance of 83 feet from 
the center of the crank shaft the engine would exert 
a force of 1 lb. For instance, suppose we wished to 
stop an engine which exerted 83 ft. Ibs. torque, by 
means of a pipe wrench. If a 1-foot wrench was 
used, by exerting a force of 83 Ibs. on the end of the 
wrench, it would stop the engine. Or if an 83-foot 
wrench were used, a force of 1 Ib. exerted at the 
end of the wrench, would stop the engine. 


On the Ford engine the torque at 900 r.p.m. (see 
illustration of curve, Fig. 1), is 83 ft. Ibs., and the 
h.p. is 14.2, whereas at 1,600 r.p.m., the torque is 
only 65 ft. Ibs., and the h.p. is 20. Also note that 
the torque increases up to 900 r.p.m., and then falls 
off, and also note that the horsepower Increases Up 
to 1,600 r.p.m., and then falls off. To the layman 
it would appear that the greatest pull or force 
exerted would be at 1,600 r.p.m., but such is not the 
case. The greatest pull on this particular engine 1s 
at 900 r.p.m. 


20 HORSE 
POWER: 


83 LBS. 
TORQUE" 


4 ee ae, 
200 B. PM $90 RP. M 
Fig. 1 


The reason why greater horsepower can be 
developed with less torque is the factor of speed, 
which we have already seen is one of the items affect- 
ing power. 


For example, the engine at 900 r.p.m. is like Tom, 
who can carry 150 lbs. of bricks (we will term the 
carrying capacity of Tom “torque’”’), at a speed of 
4 miles per hour. Suppose the bricks had to be 
moved one mile. Tom could move 4 X 150=600. 
Ibs. of brick in 1 hour. 


The engine, while running at 1,600 r.p.m., is like 
Philip, who can carry only 125 lbs. of bricks, but 
can run at a speed of 6 miles per hour. Philip 
could then move the bricks a mile at the following 
rate of speed: 6 X 125=750 lbs. of brick in 1 hour. 
Thus, while Philip develops less torque, he develops 
greater power. 


Therefore, at 900 r.p.m. the load carried (torque) 
is greater, but the speed is less, and the rate of doing 
the work is less. At 1,600 r.p.m. the load carried 
(torque) is less, but the speed and rate of doing the 
work (h.p.) are greater. 


The reason why the engine develops less torque 
at 1,600 r.p.m. than at 900 r.p.m. is the fact that the 
cylinder receives a smaller charge of gas per stroke 
at 1,600 than at 900 r.p.m., because of the inertia and 
the friction of the gases passing through the manifold 
and valve. At the lower speed, the effect of inertia 
and friction is small, allowing a considerable quan- 
tity of gas to be introduced into the cylinder at each 
inlet stroke; on the other hand, at 1,600 r.p.m., 
the high velocity of the gas causes a considerable 
amount of friction, and the effect of inertia (tend- 
ency to move slower) is greater, which decreases 
the charge of gas entering the cylinder. This also 
accounts for the great decrease of torque and 
consequent falling off of power (h.p.) after 1,600 
r.p.m. Therefore this engine exerts its greatest 
pull at 900 r.p.m., and the futility of racing an 
engine when attempting to pull out of a hole is 
apparent. 


A given amount of power can be developed in 
cylinders of either large or small diameter. Thus 
there is the example of the stationary gas engine. 
To obtain, for example, 10 h.p. from this type of 
engine, a very large cylinder and comparatively 
slow speed would be employed, with a maximum 
speed of perhaps 300 to 600 r.p.m. A modern 10 
h.p. automobile engine, on the other hand, has four 
very small cylinders, but a high speed, say 1,500 to 
2,000 revolutions per minute. The individual 
power impulses are very much weaker than those 
of the large slow-speed engine, and consequently 
its parts can be made much lighter and smaller, as 
the shocks and stresses that have to be sustained 
are proportionately much less. 


The Dodge engine, which has larger cylinders 
and valves, exerts its greatest pull (torque) at from 
1,100 to 1,400 r.p.m., whereas its greatest speed and 
horsepower are at 2,200 r.p.m. 
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Power and Pressure and Other Terms 


Brake horsepower (b.h.p.): Power delivered at 
the crank shaft. 


Indicated horsepower (i.h.p.): Power delivered 
by the gas inside the cylinder to the piston. 


If an engine develops 10 indicated horsepower, 
and it takes 3 horsepower to drive itself, the crank 
shaft would deliver 7 h.p., and the rating of the 
engine would be 7 brake horsepower, or 10 indicated 
horsepower. 


To estimate the horsepower of an engine within 
a reasonable degree of accuracy, the following may 
be used. 


Another H.P. Formula (not the S. A. E.) 


The following formula takes into consideration the stroke 
as well as the bore, and also the speed. 
DOXNXLXR 


‘al 


H. P. Formula: = horsepower 


This means, square the diameter or bore of the cylinder (D2) 
and multiply the result by the number of cylinders (N); multi- 
ply this result by the length of stroke (L), and multiply this 
result by the revolutions (R) per minute of the crank shaft; 
then divide this total result by the ‘‘constant’’ (C) below. 

The ‘“‘constant” for a 4-cycle engine is 13,000. 
The “constant” for a 2-cycle engine is 10,000. 

Example: Suppose we have a 4-cylinder engine, 4-inch bore 
(diameter), and 5-inch stroke, and 1,000 revolutions per minute, 
what is the horsepower? 

4 X 4 equals 16 (squaring the diameter D2). 
16 X 4 equals 64 (result multiplied by number cylinders N). 
64 X 5 equals 320 (result multiplied by length of stroke L). 


320 X 1,000 equals 320,000 (result multiplied by number of 
revolutions R). 


320,000 divided by the ‘‘constant’”’ 13,000, will give us 24.6 h.p. 
for a 4-cycle engine. 

320,000 divided by 10,000 will give us 32 h.p. for a 2-cycle 
engine. 


The “constant” is a figure arrived at by the founder of the 
formula. You will note there is a difference of 1 h.p. between 
the horsepower figured with this formula and the §.A.B. for- 
mula. There is usually a difference with all formulas. 


To calculate the horsepower delivered by the 
crank shaft, the brake test must be made with a 
mechanical machine, such as a “‘prony brake test” 
(page 1045) or “dynamometer test”? below; the 
result is the b.h.p. 


Thermal efficiency of an engine: 


See dictionary, 
page 1078. 


Mechanical efficiency of an engine: See diction- 
ary, page 1077. 


Compression pressure is the pressure of the gas 
after being drawn into the cylinder and compressed 
in the combustion chamber by the up compression 
stroke of the piston. This varies with the quantity 
of gas drawn into the cylinder, the speed of the 
piston, the size of the combustion chamber, and 
the condition of the valves, and rings, and the 
tightness of the parts. See also page 116. 


The expansion pressure (often termed explosion 
pressure) would be the maximum or greatest pres- 
sure immediately following the combustion or burn- 
ing of the gases. This pressure is many times 
greater than compression pressure. This expansion 
pressure (gas expands when ignited and heated) 
continues, but diminishes throughout the entire 
power stroke. 


Mean effective pressure (m.e.p.): During the 
entire cycle of a gas engine, the cylinder is subjected 
to many variations of pressure. We have seen 
that during the power stroke, the pressure decreases 
as the piston proceeds along its stroke. All of this 
pressure causes the engine to deliver power. In 
the same way, during the compression stroke the 
pressure gradually increases as the piston travels 
upward. All of this pressure hinders the engine 
from delivering power, and should therefore be 
considered as a negative power. Now, if we average 
up all the pressures during a cycle and subtract 
those which hinder the engine from those which 
help it (the power stroke is the only stroke which 
helps), we shall arrive at the m.e.p., that is, the 
average Or mean pressure which is effective in pro- 
ducing power. 


B.H.P., meaning of: See dictionary, page 1074. 

B.T.U. (British Thermal Unit): See dictionary. 

Calorific value: See dictionary. 

E.H.P., E.P.M., meaning of: See dictionary, 

Heat units, meaning of: See dictionary. 

M.E.P., meaning of: See dictionary. 

Wind resistance increases in proportion to the 
“square” of the speed: thus at 20 miles per hour it 


is four times what it is at 10 miles, and at 80 miles 
per hour nine times, and go on. 


METHODS OF MEASURING B. H. P. 


There are several methods for measuring the 
b.h.p. of an engine, as, for instance, with a fan 
dynamometer, an electrical dynamometer, and by 
means of a prony brake test. 


The Fan Dynamometer 


This consists of a fan, driven by the engine. The 
power required to turn the fan increases with the 
speed, and at all times bears adefinite relation to 
the speed. Hence, knowing the speed, it is possible 
to determine the horsepower being developed—see 
the r.p.m. (revolutions per minute) and h.p. table 
on the next page. 


The speed is shown by means of a speedometer, 
driven from the fan shaft, but registering revolutions 
per minute instead of miles per hour 


ENGINE STAND: 
Fig. 2 
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_ The engine is bolted to a frame. The drive shaft 
is shown. The fan shaft is carried on two heavy 
pillow blocks bolted to wooden supports with ball 
or roller type bearings, if possible. The fan arm 
should be of solid bar nickel steel, 3” x 3/8” by 
5/16” long. The hub should also be of nickel steel. 


§ ALUMINUM 


Fig. 3 


Fan blades are of heavy sheet aluminum, placed 40” 
apart on the centers, and bolted to the fan arm by 
means of angle-iron strips that are riveted back to 
back on the aluminum blades. To avoid accident 
the fan is enclosed in a cage of mesh wire netting. 


R.P.M HP. 
400 1 
600 2h 
800 6 

1,000 12 

1,200 20 

1,300 25 

1,400 37 

1,500 40 

1,600 48 

1,700 60 

1,800 70 


Electrical Dynamometer 


The method for testing the horsepower of a gaso- 
liné engine with an electrical dynamometer is as 
follows: The engine is belted or (preferably) 
coupled direct to a dynamo machine. Connected 
up with the dynamo are two specially accurate 
electrical measuring instruments, one a voltmeter 
and the other an amperemeter. The current which 
the dynamo produces when driven is used up, by 
either a group of lamps or a set of wire or liquid 
resistances. ‘The amount of work the dynamo will 
do, such as lighting lamps, etc., depends on the 
power put into it from the engine. 


Fig. 4 


It is easy to convert electrical power units into 
mechanical units. Thus: amperes multiplied by 
volts equals watts; there are 746 watts to a horse- 
power, so that by simply taking the readings of 
the voltmeter and ammeter, the amount of power 
the dynamo is giving out is at once calculated. 
The dynamo, of course, does not transform the 
whole of the power put into it into electricity, but 
it may transform somewhere near 90 per cent of it. 


Certain mechanical and electrical losses occur in 
the dynamo, but these are calculated beforehand. 
Hence, knowing exactly how much of the power 
put into the dynamo is lost or wasted, and the maxi- 
mum amount given out, the power actually produced 
by the engine will be the result. 


Prony Brake Test 


This is one method of testing the brake horse- 
power and torque of an engine. 


One horsepower is defined as the power that will 
raise 550 Ibs. 1 ft. high in 1 second, or, as the case 
may be, 33,000 Ibs. 1 ft. high in 1 minute. The 
power that will do one will exactly do the other if 
the gearing is suitably arranged. 


Torque is the product of force multiplied by dis- 
tance at which it is exerted from the center of rota- 
tion. If arm (D) is 3 ft., and 30 Ibs. pull is shown 
at (F) at 1,500 r.p.m., then the torque would be 
30 lbs. X 3=90 foot pounds torque. 


To find the h.p. at, say, 1,500 r.p.m., we start up 
the engine (having first rigged up to some convenient 
part a speed counter), open the throttle fully, tighten 
down the clamp by the screws (E) until the engine 
is slowed to the required speed, namely, 1,500 r.p.m. 
The number of pounds pull on arm (D) is now read 
off at (F). 


Observe now the calculation. We first measure 
the distance from the central point of the flywheel 
to the point of the arm which rests on the scale. 
Assume this to be 3 ft., and the number of lbs. 
indicated on the scale to be 30, and we have all the 
necessary information. 


This 3 ft. arm (D) is virtually the radius of an 
imaginary flywheel 6 ft. in diameter, which exerts at 
its rim., Le., at the point resting on the scale, a pull 
of 30 lbs. 


Now a flywheel having a diameter of 6 ft. has, 
roughly, a circumference of 19 ft., therefore during 
one revolution of the flywheel, the force of 30 Ibs. 
will act through a distance of 19 ft., and if its speed 
is to be 1,500 r.p.m., we have here a rim speed of 
28,500 ft. per minute, exerting a pull of 30 lbs., or 
in other words, 855,000 ft. lbs. per minute. But, 
as we have seen, 33,000 ft. Ibs. per minute is 1 h.p.; 
therefore it requires but a simple division (855,000 
+ 33,000) to find that the engine is developing nearly 
26 h.p. 

In actual practice, rather more elaboration is 
necessary to cope with secondary considerations. 
A suitable method of dealing with the friction on 
the flywheel, for instance, must be found, as well as 
a proper lining for the braking clamp, so that the 
drag on the flywheel is constant, free from jerks, etc. 


Horsepower and _ revolutions. The gasoline 
engine, within certain limits, is dependent upon 
engine revolutions for power. If the revolutions 
are not maintained to a certain speed, especially on 
1, 2, and 4-cylinder engines, the power is not suffi- 
cient to start a car or to climb hills. It is for this 
reason that transmission gears are necessary. 


1046 


DYKE’S INSTRUCTION No. 83 


Relation of Speed of Engine to Road Wheels 


If you do not know the ratio between the speed of the engine 
and the speed of the car, there is a way of arriving at this ratio 
approximately. Jack up both the rear wheels as shown in Fig. 
6, and then, after throwing the car into low gear, crank the 
engine slowly by hand, counting the number of times the engine 
has to be completely turned over to one complete revolution of 
both rear wheels or two complete revolutions of one rear wheel. 


First make a reference mark on the flywheel, or take one of 
the timing marks as a reference, and after bringing this directly 


under the pointer, if there is one, or some other reference poin 
on the flywheel housing, make a mark on the tire and anothe 
directly below this on the floor. _ Now turn the engine slowly 
and when the rear wheel is again in line with its floor mark 
count the number of times the flywheel has turned. If it has 
taken 20 revolutions of the engine, the ratio is 20 to 1, and so on 


Test the intermediate and high gear in the same manner 
See page 8 for the meaning of ‘‘ratio” and page 9 for the ratic 
of different cars. 


McCullough Formula for Finding the Speed 
of a Car 


Engine speed per minute X diameter in inches of the reai 
wheel X .002975+ratio. 


The ratio of the drive, for example, is 4 to 1; which means 
that the engine crank shaft turns four times to one of the real 
axle. Therefore the figure to be used to divide by would be 
four. The same holds good in all speeds, no matter if in first, 
second, third, or fourth speed. 


Example: 1,000 (rev. of engine) X 30 (diameter in inches o! 
wheel) X .002975, divided by 4 (4 to 1 ratio) equals 22.31, plus 
miles per hour. 


PISTON DISPLACEMENT! 


Piston displacement means the volume of gas 
displaced during one stroke of the piston. For 
example, when the piston is at top dead center, 
there is a certain volume in the combustion space 
above the piston, say, 10 cubic inches. When the 
piston is at the bottom of stroke, there is a greater 
volume above the piston, say, 63 cubic inches. The 
piston displacement in this case would be 53 cubic 
inches (63—10=583) for one cylinder, or 53x4=212 
cu. in. displacement for a 4-cylinder engine. 


To compensate for inferior quality of gasoline, some 
manufacturers have reduced the area of combustion 


How to find piston displacement: The formula 
would be designated thus: D? x .7854xXSxX N= 
piston displacement. D2 means diameter or bore 
squared or multiplied by itself, as 5x5. This result 
is then multiplied by the constant .7854 (the area 
of a cylinder 1 inch in diameter), this result by S. 
the stroke in inches, and this result by N, the num- 
ber of cylinders. 


Example: What is the piston displacement of four cylinders 
4-inch bore and 54-inch stroke? Procedure: 4X4=16X.7854 
= 12.566 X5% (or 5.5) =69.115X4=276.5 cubic inches. 


. . . ‘ Example: What is the piston displacement of four cylinders 
chamber, so as to give a high compression. (See  3i¢inch bore and 43¢inch stroke? Procedure: 334 X 3 
tables! of Piston Displacement on next page.) X .7854X45¢X4=141.9 cubic-inch piston displacement. 
GRADES 


The general assumption is that a grade of 100 per 
cent would be vertical, or at a 90° angle, as in line 
(D) (Fig. 7); but this is incorrect. 


p 


Se alt aii ao me aor se Se aa 


100 foot distance ——— 
Fis, 7 


A grade is expressed in terms of percentage, and 
means so many feet rise or fall in a given distance 
measured in a horizontal direction. This given dis- 
tance may, for convenience, be 100, 500, 1,000 feet, ete. 


1The tables of Piston Displacement on the next page are 
taken from the instruction book of the Stromberg Motor Devices 
Co, (carburetor manufacturers), 


A rise of 100 feet in the same distance measured 
horizontally is a 100 per cent grade; however, the 
included angle is 45°, and not 90°. Fig. 7 shows 
the grade percentage, which is based on a horizonta 
distance, line (B) of 100 feet. 


Assume that line (B) is a straight line, 100 feet 
long and perfectly level. Therefore from (A) tc 
(B) there would be no grade. If from (A) to (B) 
there was a rise of 1 foot in every 20 feet, when we 
reached line (B) we should be 5 feet higher than at 
(A). Therefore this would be a 5 per cent grade 
It is not necessary, however, to travel the full dis. 
tance. Just as long as there is a rise of 1 foot tc 
every 20 feet, it is a 5 per cent grade at any point 
_ If the grade or steepness increased to 1 foot rise 
in 10 feet, then it would be a 10 per cent grade, anc 
we should be 10 feet higher at line (B) than at (A) 
1 in 6 2/3 is a 1 foot rise in 6 2/8 feet, and a 15 pe 
cent grade, and so on up to 100 per cent grade, whick 
would be a rise of 1 foot’in 1 foot, as the slope fron 


(A) to (C). 
10° — 
SPIRIT LEVEL | 


’ Fig. 8 


To ascertain the percentage of a grade without the 
use of any special instruments: Secure a spirit leve 
and a ten-foot stick (Fig.8). Rest one end of the sticl 
on the road surface and find its level position with : 
spirit level, by placing this on the stick and raising o 
lowering the stick until the bubble is in the centet 
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Then measure the perpendicular distance between Per cent Angle 
the end of the stick and road surface, and multiply 100 ees Eee 

Be yO Hiinh will sive the tas: st [ 50 thee BY 26° 34’ 

y 10, which will give the rise in feet in proportion 25 Vin 4 UI 2 

to one hundred feet. 20 1 in 5! 11° 19’ 

15 lin 62/3’ 8° 82) 

4 9 . 1 ‘ ° ’ 

For example: Assume that the perpendicular dis- 5 V oF BY 3° 52 


tance measured 18 inches; this multiplied by 10 
gives 180 inches, and reduced to feet gives 15 feet as The affix to the figures in the center column, as 


the rise in 100 feet, or a 15 per cent grade. 1’, means 1 foot; whereas in the right-hand column, 
as 34’, it means 34 minutes. 

The average of such measurements taken on _ A 66 2/3 per cent grade is as steep as a car could pos- 

grades will give fairly accurate results. sibly climb, as gravity overcomes traction at this angle. 


PISTON DISPLACEMENTS IN CUBIC INCHES AND RATED HORSE-POWER-FOR 4-CYLINDER MOTORS ~ 
____FOR 8-CYLINDER MOTORS, MULTIPLY GIVEN DISPLACEMENT BY 2 


Gylindar : a 4 : STROKE IN_ INCHES Soe ‘||sAE 
Initee || 3 |.3y 334] 336 | | sa | AP 4x4| 4%| 5 | 5%| 51| 534! 534] 586] 52] 5%] 6 | 63 Va ae 
2 3] 101] 103 10.0 
2 ‘ B 408} 111} 114 11.05 
3 My. 80] 04] 107 125 g t 121 
: His , : 136 > $ 13.2 
3 Oh. 99]. y} 124], 148 ’ § ‘ 14.6 
344 96° 1 s 161} 16 "222 15.65 
8 ; A | 86 || 16°9 
3 18,25 
3) 19.6° 
21:0 
33 V7 22.5 
3; 1 189 %.0. 
4. ! 201, 25.6 
| 21 M2 
ig | 227 23.9 
, oi 30.6 
4 255 32.4 
202 269 | 34.2 
4% |} 234 36.1 
4 | 290 38.0 
5 314 40,0 
al 330 42,0 
5 346 44,1 
363 46:2 
48.4: 
3 308 50.6 
52.8: 
5 55.1 
. 4 6! 
8 ss 
6 67.5 
m% | 72.7: 
TBA 
Kf BL 
7 1017 89.9 
B 1084 2 | 96.1 
Factor. | 875| 896|.917| 938] .958 1 00 {1.042 (1.083 
eo 


OTE—S. A. E. H. P Rating is based on /000 feet per minule piston speed. . 
ms find equivalent Rete at /000 resolutions per minule. multiply S. AcE, Rating far. Given Pore. by Factor “A” for Given Sooke. 


PISTON DISPLACEMENTS IN CUBIC INCHES AND RATED HORSE-POWER FOR 6-CYLINDER MOTORS — 
FOR 12-CYLINDER MOTORS, MULTIPLY GIVEN DISPLACEMENT BY 2_ 


Es __.STROKE IN INCHES a ae 
3 | 3%| 14] axe] ai] 956! 33<| a4] 4 |-416| 414| 436] 424] 4561 434| 474] 5 | sxe] 53¢| 096] 52] 536] 54] 526] 6 [ Ox] 64] Ox] 7 | 7%] 4] mI 8 
g3| 92/96/99 a03| 107| 110 114 | a18| 222) 125 | 129| 233) 136) 140] 144) 147) 151 | 155| 158| 162| 166|-169| 173 | 177| 184) 101] 199] 206] 214] 221] 228 225) 15.0 
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621| 645] 667| 690| 713 | 736| 760] 782] 805] 828] 852] 875] 897] 920) 944] 967] 990 [1014 |1038 |1060 |1084 11106 | 1152] 1199] 1245 
6704 606| 724| 750{ 777| 804| 831 | 858] 885] 911] 933] 965} 992 |1020 |1047 |1075 |1101 |1128 |1155 J1182 |1209 }1236 [1263 |1280| 1342] 1398] 1453] 1505] 1558 | 1612] 1666) 1720 

, 5 | 92: gz |1o11 {1041 {1070 |1099 {1128 11157 |1286 |1214 {1243 |1272 |1301 {1330 {1359 ]1388| 1446] 1504| 1562] 1620] 1678| 1736 | 1794] 1948 
74 top is S07 508 $29 500 oot ee 1053 [1084 |1116 |1147 1178 |1209 {1240 |1271 }1309 1333 |1364 |1305 [1426 [1457 |1488 | 1550] 1614] 1676| 1737] 1799} 1860] 1921) 1982 
#35} S52 | 805| 928| 901 | 995 (1028 {1061 |to9s {1127 [1160 [1193 ]1227 |1260 11293 |1326 |1359 /1392 |1425 |1458 /1491 [1524 |1557 |1592] 1658] 1725 | 1791 | 1858] 1925] 1991 | 2058] 2124 
eee | oar | 9571 992 (1027 [L062 11098 |1133 |1169 |1204 [1240 |1275 [1311 |1346 ]13R2 [1417 1453 |1488 |1524 |1559 [1595 11630 [1695 1700 | 1771 | 1841 | 1912| 1983 | 2054 | 2125 2196 | 2267 


621 sia]. 589 “604 |.625 |.646 | 667 |.688 |.708 |.729 |.750 °.771 |.792| 813 |(833 |.854 |.875 |.896 | 917 .938].958 |.979 |1.00 |1 042 1.083 |1 125 /1.167 |1 208 |1 250 
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OTE:— 5 5 ting is based on /000 feet per minule piston speed. * e _ 
x find Bei icct hes Pever in 1000 Feoalittons ‘per_minule, multiply rating, for given bore, by factor “A” for given stroke. 
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MISCELLANEOUS TABLES, DATA, AND INFORMATION 


Miscellaneous Computations 


Atmospheric pressure equals 14.7 lbs. per square inch at sea 
level. 

To find the circumference of a circle, multiply the diameter 
by 3.1416. 

To find the diameter of a circle, multiply the circumference 
by .31831. 

To find the area of a circle, multiply the square of the diam- 
eter by .7854, 

To find the area of a triangle, multiply the base by one-half 
the perpendicular height. 

To find the surface of a ball, multiply the square of the diam- 
eter by 3.1416. 

To find the solidity of a sphere, multiply the cube of the diam- 
eter by .5236. 

To find the cubic inches in a ball multiply the cube of the 
diameter by .5236. 

Doubling the diameter of a pipe increases its capacity four 
times. 

A cubic foot of water contains 714 gallons, 1728 cubic in., 
and weighs 6214 lbs. 

To convert gallons of water to pounds, multiply by 8.345 


Centigrade to Fahrenheit 


Deg. | Deg, | Deg. 


Deg. 
Fabr 


Deg. | Deg. 
Cent | Fabr 


Deg. | Des. 
Fatr | Cont. | FP 


Cent. | Fabr. Cent. ss 
—10 14 22 53 | 127.4 347} 460 | 860 
—9 15.8) 23 54 | 129.2 356} 470} 878 
—8 17.6} 24 55 | 131 86 365] 480 | 896 
—7 19.4) 25 56 | 1328 87 | 188.6, 190] 374] 490] 914 
—6 21.2) 26 57 | 134.6 8 | 190.4) 195 500 | 932 
—5 23 27 58 | 136.4 9 | 192.2} 200}; 892] 525 | 977 
-4 24.8) 28 59 | 138.2 90} 194 210 | 410} 550 | 1022 
—3 26.6) 29 60 | 140 91} 195.8] 220 |- 428] 575 | 1067 
—2 28.4) 30 61 | 141.8} 92° 197.6) 230] 446} 600 | 1112 
—1 30.2; 3t 62 | 143.6 93 199.4) 240 | 464} 625 | 1157 

0 32 32 63 | 145.4 94 | 201.2; 250) 482) 650 | 1202 
1 33.8] 33 64 | 147.2 95} 203 260 | 500] 675 | 1247 
2 35.6] 34 65 | 149 96 | 2048) 270} 5I8 | 700 | 1292 
3 37.4) 35 66 | 1508 97 | 206.6] 280 | 636) 725 | 1337 
4 39.2) 36 67 | 152.6] -98 4| 200] 554] 750 | 1382 
5 41 37 68 | 154.4 210.2} 300 | 572{ 775 | 1427 
6 42.8) 38 69 | 156.2) 100] 212 310 | 690] 800 | 1472 
7 44.6) 39 70 | 158 105 | 321 320 1517 
8 46.4) 40 71 «| 159.8] 110] 230 330 | 626) 850 | 1562 
9 48.2] 41 72 | 161.6) 115) 239 340 | 644] 875 | 1607 
10 50 42 73 | 163.4) 120] 248 350 | 662 | 900 | 1652 
11 51.8) 43 74 =| 165.2] 125] 2357 | 360 | 680] 925 | 1697 
12 53.6} 44 75 4 167 130 | 266 | 370); 698 | 950°] 1742 
13 55.4] 45 76 | 168.8] 135} 275 380 | 716 | 975 | 1787 
M4 57.2] 46 77 =| 170.6{ 140] 284 390 | 734 | 1000 | 1832 
15 59 47 78 | 172.4) 145 | 293 400 | 752 | 1025 | 1877 
16 60.8] 48 79 | 174.2} 150} 302 410 | 770 | 1050 | 1923 
7 62.6) 49 80 | 176 155 | 311 420 | 788 | 1075 | 1967 
18 61.4) 50 81 | 177.8) 169} 320 430 | 806 | 1100 | 2012 


ALUMINUM... 658 
ANTIMON 1166 630 
nee 1472 800 

518 270 

610 321 

1481 805 

2741 1505 

27146 1490 

1981 1083 

1045, 1063 

4172 2300 

2708 1620 

621 327 

1204 Osh 

2237 1226 

—38 =30 

4532 2500 

1832 1000 

2192 1200 

1742 950 

1635 son 

> 

YAN) 1145 618 
POTASS: 1323 718 
fopion ! 1472 800 
NICKEL,..., 14560 
PALLADIUM. 1550 
Phosphorus. 4e 
PLATINUM 1768 
OTABSIUM 62 
odium (7). 900 

Me seas 1420 
SILVER. oar 
SODIUM oT 
‘Tantalum (7). 2900 
PDL coils is 232 
‘Titantum (7) 1850, 
TUNGSTEN 3000 
Uranium.,... 2400 
Vanadium (7) 4760 
ZINC....... 410 
Bulpbur... .. M4 
Fusible 19 

183 


Decimal Equivalent of Fractional Parts of an 
Inch 


In using this table it is not necessary to carry 
out all of the fraction. As a rule, three figures to 
the right of the decimal point is close enough for all 
practical purposes—which would be, of course, read 


in thousandths, as .015 (fifteen one-thousandths). 


8ths 7/32=.21875 17/64=.265625 

: 9/32=.28125 19/64=.296875 

4 11/32=.34375 21/64=.328125 

Ys 13/32=.40625 23/64=.359375 

28 15/32=.46875 25/64=.390625 

“2 17/32=.53125 27/64=.421875 

4% 19/32=.59375 29/64=.453125 
YA, 21/32=.65625 31/64=.484375 

% 23/32=.71875 33/64=.515625 
a6the 25/32=.78125 35/64=.546875 
27/32=.84375 37/64=.578125 

1/16=.0625 29/32=.90625 39/64=.609375 
3/16=.1875 31/32=.96875 41/64=.640625 
5/16=.3125 43/64=.671875 
7/16=.4375 6aths 45/64=.703125 
9/16=.5625 47/64=,734375 
11/16=.6875 1/64=.015625 49/64=.765625 


13/16=.8125 
15/16=.9375 


3/64=.046875 
5/64=.078125 
7/64=.109375 


51/64=.796875 
53/64= .828125 
55/64=.859375 


32ds 9/64=.140625 57/64= 890625 
1/32=.03125 11/64=.171875 59/64=.921875 
3/32=.09375 13/64= 203125 61/64=.953125 


5/32=.15625 


15/64=.234375 


63/64= .984375 


.015 is approximately 1/64’; .025 is 1/40’. 


The one-thousandth part of an inch is explained 
elsewhere. See page 701. 


Hundredths of an inch to sixty-fourths of an inch 
are explained elsewhere. See page 68. 


Metric System! 


The metric system, called the French standard, is 
used quite extensively abroad and is also referred to 
quite often in this book. Therefore a convetsion 
of those figures most generally used is given. See 
tables below. 


m is the designation of meter; cm, centimeter; mm or m/m 
millimeter, 


1 millimeter is approximately 1/25’, and is exactly .03937’’. 
I centimeter is approximately 13/32”, and is exactly.3937’’, 


I meter is approximately 3914’, and is exactly 39.37’, 
1.0936 yards. ay 4 % 


2 kilometer is approximately 5 mile, and is exactly .6213 
muie, 


1 kilogram is approximately 214 lbs., and is exactly 2.21 lbs. 
1 liter is approximately 2 1/9 pints, and is exactly 2.11 pints 


10 mm. = 1 centimeter = 0.3937” 
10 cm. = 1 decimeter = 3.937 ” 
10 dm. = 1 meter = 39.37” 


25.4 mm. = 1 English inch, 
To convert inches to centimeters, multiply by 2.54 
To convert meters to yards, multiply by 70 and divide by 64, 


To convert kilometers to miles, multiply by 5 and divide by! 
8 (approx.). 


ie convert cubic inches to cubic centimeters, multiply by 
i 


To convert cubic meters to cubic feet, multiply by 35.32. 


me convert grams to ounces, multiply by 567 and divide by 


a 


ee convert liters to U.S. pints, multiply by 95 and divide 


See page 595 (tires) for metric conversions, 


1 See Index under ‘Tires, metric sizes.”’ 
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Millimeters to Inches Time per Mile Expressed in Miles per Hour 
i (decimal) sapere ae Deperaret in an hour, and, to find the speed in 
: a miles , ide 3,6 i i i 
m. Inches emesis mL baad a ivide 00 by the time in seconds it takes 
2= 07874 15= 59055 ir ialter a Time for Time for 
3 FS HAG ene on RCaneeel Ag aes one mile. Miles one mile Miles 


Min. Sec. Per hour Min. Sec. Per hour 


4= (15748 17= .66929 


0 = 1 = 1 = 
o 7 = 97.20 nn ta ee | 
7 = K 4 = 4865 | 1 49 = 3303 
5= .19685 18= .7)866 9 Soest it 16 = 4800 |° 1 60 = 932.72 
= ,23622 ORIG. I= “srs0 Foe oe 8) ee 32.43 
oe 19= 74803 7D es icles he ES ee 
= 2 | sae s618 1 63 == 81.86 
* 0 43 = $3.72 = 
7= .27559 20= 787 ye a Pe Ue eS 
: AU (fsa) 9 4 = 80.00 | } A tet ee a SERS 
= = 78.26 mee eo SS oat 
-31496 21= .82677 oO 47 = eo |t 2 = 4390] 1 67 cz 30.97 
9= .3543 OAS 1751005 [pt 8 mes 43S hs, cs meee SOD 
a 3 22= .86614 We ss SES 
or 9 % = 70 : % = «35 | 3 i = ie 
a = 70.59 260 = 641.86 = 
. 389370 23= 90551 Yo = Cyl APS el) 2 6) oe uses 
41= .43307 a a a. = 7.92 1 2 = 4091 | 3 5 SS B06 
=, = ,944 = y 1 29 = 40.45 = i 
12 y 88 + pe = Base 1 30 = 40.00 : ag aes ae 
= .47244 25= .98425 GUE be eas s68t61||aae es gy ee ag ty | 2c eet eames 
13= .51181 96 Somos a, cer aeay tomes. sate ety] 30 Cn Wee cae 
age =1.02362 Ss Oe Me sen = i 
i ae eo ee 
i i} 2 Beit # oD He) i B= BR 
Saat 1 3 ; . Re SG 
Tenths of Millimeters 1 ee eae Eee ke | SETS es wel gg mb aaIGS 
; r) GS Cele Ge ee Bee 7 SS it 
-2 (2/10ths) of a mm. is approx. .008” 1 6 = 6455 y iw = eee 2 4 = 2181 
.3 (3/10ths) of a mm. is approx. .012’ 1 7 = 68373 |. 42 = 3529 | 2 48 oc 21.42 
A ae of a mm. is approx. .016” h : = bad 1 = Os : + = ee 
.5 (5/10ths) of mm. i Wa = Bi 1 44 = 34.61 4 = 20. 
(5/ ) of a mm. is approx, .019 1 a Shae mS aes 3 A aN 
YM S Oly eS Sachi se 4S ates 


Millimeters to Fractions of an Inch 


Miles and Kilometers 


ian, isapproximabely:. <j. «1-0 © sveee 3/64" 
ZIMIMP AS /APPrOXIMAPelY: «2.5 ce se silos oie 5/64/” 
Siam is approximatelvan oc. ee ectabe sce sec 7/64!" 
4 mm. is approximately.................. 5/32/" 
SIN AS ADP PORIMMA LCL Vaews, eo oii cusiewe cok fuel 12/64” 1 
6 mm. is approximately....... 15/64" or YY 2 
mm. isapproximavely ss s.ss.+ sere. acne. 17/64” 3 
8 mm. is approximately .20/64” or 10/32” or 5/16’’ 4 
9mm jis ‘approximately:.. joe. cee as ae 22/64/" 5 
10'imm, is approximately’. ..5....c00cnne cs. 25/64/" 6 
{2mm IS Approximately, cscs soe cele cease 15/32” 7 
L5 mam, slapproxunatelive., cs. sce don e« shee 19/32” 8 
T6immo, 1s'approxiumately s..0.2..6 0. e406 ne 54/7 9 
TS ram, isapproximately:.. 0. san oer. ssc 23/32"" 
20mm 1s approximately o..... fie. sean s « 25/32!" 
22MM, 1S APPTOKAMACLY |. . 6 cae cere cs nos suns 55/64’" 
DA mm:. 1siapproximMaAtely.).,...0.. ose nutes 15/16 
OD mim, Asia pDLOXMMAteliyg.n) see \cle ples pene oe oe 63/64/" 


A Kilometre in | Miles per Hour{A Kilometroin | Miles per Hour, 


Fig. 9. Comparative difference between millimeters and Min. Sec. 

inches with a rule 214” long. e Be 13983 
0 37 111.83 
Table of Cylinder Bores and Strokes in Millimeters oa. pee 
and Inches i Y ors 
The following figures are approximate, and intended only as 1 : So56 
a rough guide for comparison. For accurate measurements a 1 4 82 83 
sliding calliper with inches and metric scales should be used. 1 5 78.88 
1 6 74.53 
li Equals F Equals 1 7 72.13 
a Bee tron iminehes & Cylinder sree it hes 1 8 09/87 

y 70 millimetres 2% by : y 90 millimetres 3,5, by 3; 1 : 
% Dw 5 gh Be 19059, BO Cap Baas he €5.76 
67 ” 73 ” 28 » 24 90 ” 110 oo” fs ” 455 : 12 62.11 
» TT ” a » 3 95 ,,115 ” 33, 4% 1 13 60.43 
70 5, 70 a 22 4, 22 100 ,,115 » B18 4, 41% 40) b-14 58.85 
1 ,, 73 ” 22 5, 28 105 ,,118 ” 45 4», 48 1 15 57.33 
90 yy 77 ” 3 38 108 ,, 120 n 44 4, 42 1 16 55.99 
12 5, TT ” 28 » B 110 ,, 125 5 4y% 5, 438 1 17 $4.53 
73 4, 73 iy 25 4, 22 112 ,, 128 A rey i 18 aoe 
73 800 Zo 88 114 4,180 wy OR en ae oe 
Wr he ee 8 8 136 ,,194 PAC aes} pos 
qT » 80 ” 3B +, 83 118 ,, 193 ” 4 » 5yo 1 22 48.61 
77 », &3 ” 8 ” 120 ,,140 ” 4 1» OF 1 YX} 47.57 
13 5, 78 83, » 326 122 ,, 143 ” 433 1, 58 1 24 46.58 
80 ,, 80 on 84», 3g «124 ,, 146 “1 43 4, 52 M = A363 
80 wy 86 op 35 ” 33 126 9, 148 ” 4} oD 533 1 27. 43.84 
83 ,, 83 ” 3t » < 128 ,,150 ” Silo vv 528 1 28 43.00 
63 ,, 86 ” 83 ,, 33 190 ,, 162 ” 5, 6 1 29 42.19 
85 ,, 86 ‘ 3 oy 85 «140 ° 64 63 1 30 41,40 
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Wheel and Engine Speeds 


This table gives the number of revolutions that 
a tire of given size makes in going a mile. 


ENGINE REVOLUTIONS PER MILE 


TIRE | WHEEL | WITH VARIOUS GEAR RATIOS 

SIZE _|__R.P.M._ 3 to 1 314 to 1 4 tol 
30 672.2 2016.6 2352.7 2688.8 
32 631.7 1895.1 2210.9 2526.8 
33 611.1 1833.3 2138.8 2444.4 
34 593.2 1779.6 2075.2 2372.8 
35 576.2 1728.6 2016.7 2304.8 
36 560.2 1680.6 1960.7 2240.8 
40 504.2 1512.6 1764.6 2016.8 
SIZE R.P.M. 414 to1 5 to 1 54 tol 
30 672.2 3024.9 3361.0 3697.1 
32 631.7 2842.6 3158.5 3474.3 
33 611.1 2749.9 3055.5 3361.0 
34 593.2 2669.4 2966.0 3262.6 
35 576.2 2592.9 2881.0 3169.1 
36 560.2 2528.9 2801.0 3081.1 
40 504.2 2268.8 2520.0 2773.1 


How to Find Degrees with a Protractor 


A degree is a unit employed in measuring angles, 
and is the ninetieth part of a right angle or one 
three-hundred and sixtieth part of a circle. 


The degree explanation is given on page 60. See 
also pages 68 and 299, ‘Converting degrees into 
inches.” 


A protractor is used for dividing circles into any 
number of equal parts or degrees, and for determining 
angles. 


PHOTAACTOR 


Fig. 10 


For instance, to find the number of degrees in a 
circle with a protractor, say, of a flywheel of an 
engine: Place the protractor as shown. From the 
center line (A) to (B) is 10°; from (A) to the extreme 
right, the lower part of the protractor—if a line was 
drawn—you would have a right angle, or 90°. The 
number of degrees from the extreme left to the ex- 
treme right of the protractor would be 180°, or half 
a circle. The entire circle would be 360°. In 
other words, the circle is divided into 360 equal parts 
called degrees, and designated by the symbol °. 


We can divide each degree into 60 parts, called 
“minutes,” and each minute can be divided into 60 
parts called “seconds.” One minute would be 
designated thus (1’), and one second thus (1’’). 


Signs or Symbols of Inches, Feet, Minutes, 
and Seconds , 


The sign for inches or seconds is (’), as 6”. 
The sign for feet or minutes is (’), as 6’. 


It will be observed that the same symbols are used 
for inches and seconds, and also for feet and minutes. 


Freezing and Boiling Point and Specific Gravity 
of Water, Alcohol, Kerosene and Gasoline 


Mercury freezes at 38.7° below zero, and boils or gives off 
gas at 357° above zero, Fahrenheit. 


ood Alcohol] Ethyl 


Pc 


a 0° 
Boiling | +212°F ; 173°F 
Point + 100°C : 785°C 
Specific 1.000 .789 cf .815 728 
Gravity | at 0/4°C at 15°C 


at 0°C at 15°C 
1 lb. of gasoline of 58 specific gravity is approximately 8/10 
of a pint. A gallon of gasoline (58 s.g.) weighs approximately 
6.6 lbs. See page 1078, under ‘‘Thermal efficiency,” for the 
number of B.T.U.’s to a pound of gasoline. 


Capacity of Cylindrical Tanks 


The formula for computing the capacity of a cylindrical 
tank is as follows: 
_D?XL 
2538 


C is the capacity in gallons. 
D is the diameter of the tank in inches. 
L is length in inches. 

Example: What is the capacity of a tank 10” in diameter 
and 12” long? 

C is the capacity of the tank, which we desire to know, and 
is equal to the diameter squared (D2) or multiplied by itself, 
as 10 X 10=100 X by (L), thelength, or 12inches =1,200. The 
line under D2? X L means that the total of D2 X L, which is 
1,200, is divided by a constant 293.3=4.09 gallons. 


The table gives the capacity of tanks in gallons for given sizes. 


S.A.E. Recommended Sizes of Carburetor 
Flanges (Two-Bolt Type) 


The following data give the opening in carburetor 
flange (A); thus one can tell the size of a carburetor 
by measuring this opening. See also page 109. 

If a carburetor flange on the inlet manifold or 
on the carburetor is to be repaired, such as welding, 
ete., the diameter and distance apart of bolt holes, 
as well as of the threads are given. 


us R. 
<a) 


Fig. 11. 


page 1051, giving the dimensions of A to G above on different, 
sizes of carburetors. 


S. A. E. Carburetor flange dimensions. See table, 


GENERAL DATA 1051 
= Ga = 
Z cars. The part number of the spring and date of 
ee Es | manufacture are to be found on short leaf. 
bure- A B Cc D Ft |G 
es iam,|Threads) FT | Gt 
an Diam. per Inch Reakics ANG COR SATA, SERIAL NO. STORAGE BATTERY 
Lisl “| STARTING MOTOR SERIAL NO. AXLE 
| 18/16| 29/32/1 7/16] 9/32/1/4 | 20 (5/16 [3/32 
5g| 13/16} 29/32]1 7/16} 9/32)1/4 | 20 [5/16 3/39 ee 
§{)1 1/16/1 1/8 }1 3/4 |11/32\5/16| 18 3/8 {1/8 
%\1 1/16/1 1/8 |1 3/4 /11/32/5/16| 18 ae 8 PER IAL 
i 1 3/16)1 3/16}1 7/8 |11/32)/5/16] 18 13/32)5/32 AXLE 
1144/1 7/16|111/32)2 3/16)13/32)3/8 16 |15/32)3/16 
144/111/16] 115/32) 2 .1/2 |13/32/3/8 | 16 ica ae 
134 | 1 15/16} 1 21/32] 2 13/16|15/32/7/16| 14 | 9/1617/32 
2 12 3/16|125/32/3 1/8 |15/32|7/16| 14 | 9/16)/7/32 2 STEERING, 
/16\7/ SERIAL NO: RADIATOR See INS SERIAL NO. TRANSMISSION 
OF TANK SERIALNO. GENERATOR 


* U.S. standard thread. All dimensions in inches. 


{ Cast-iron carburetor flanges: Flange dimensions (F) and 
(G) shall be increased 1” for cast-iron carburetors. ‘ 


_ Side-outlet carburetor flanges: The standard flange dimen- 
sions shall be used with the long diameter of the flange in a 
Nertical plane when attaching carburetors of the side-outlet 
ype. 


Localities Where Cars Are Owned 


The following is an analysis of present ownership 
of registered automotive vehicles, published by the 
National Automobile Chamber of Commerce, based 
on a survey made by J. M. Gunn, president of the 
U.S. Tire Co. 


In towns of 1,000 and under 33 per cent 
In towns of 1,000 to 5,000 20 per cent 
In towns of 5,000 to 50,000 16 per cent 
In cities of 500,000 or over 9 per cent 


Location of Numbers and Weight of Cars 
(S.A.E. Standard) 


The standard location for the engine number shall 
be on the crank case proper, at the front end, as 
near the middle as practicable crosswise, and on top, 
if possible. Consideration should be given_ to 
accessibility in the completely assembled car. If it 
is not possible to locate the number near the center 
at the front, that position should be approximated, 
preference being given to the right-hand side. The 
number should be deeply indented in the crank case 
in characters at least 14’’ high. : 


The standard location for the maker’s identifica- 
tion number on car, chassis, or frame (whichever 
is used for identification) shall be on the outside flat 
of the right-hand frame member, as far forward as 
possible. Such number shall be heavily indented 
in the frame side-member in characters not less than 
14” high. Where this location is inaccessible, it 
should be approximated. 


The use of attached plates in lieu of numbers 
stamped as specified is discouraged, because of the 
ease with which a plate can be removed. 


The standard weight of a car shall be the actual 
scale weight with complete catalog equipment, less 
fuel and water. 


Example of location of serial numbers on a car 
(Reo): The location is shown on the illustration 
above (Fig. 12). The numbers vary on different, 


Fig. 12 


Exhaust Pipe Diameters of 1920 and 1921 
Automobile Passenger-Car Engines! 


NAME AND Mover 1920 1924 ake 1920 192% 
ARES Aa Taches ie AND MopEL Se Tashaches 
ji tdisc totgeerls octet yn Boetrhecc 
Allen, 430.277" Bie de | Pkocomebiics ot ayes 
American, C... 24" 24" Eorraine; 211) eee scence 
American Beaut yr 2h ee ae 
Anderson, S-40. 214" 24" ladies subg = CSE a 
Repertory Blo. ioee1Ge ANC) | Msemon, Sa aaa 
ontece oe. ’ x O < 
PAUDUTT wasescnie ntti. oe ayn Meroe ee s a 
Beggs, 20T-& 21T..... \ WwW, aye Mercer, Seriésioun 3 3 : 
Belle ee ee, De Meteor, R & RR.. meee © CNBE 
Biddleeee ene ne hye etz, M, Six 2346". 24" 
Bow Pee SEY soa ON 2 yy i : " Mitchell. : zi ae 
rewster, ... 23%" =24" onitor.... state sete 
Briscoe, 434 <5 SRS Moon, 6-48..... a AS 
Buicksien.can, 184” 134° Monroe, HONS (eer we sa, | eile 
Cadillac 50,0. eeeee 134" 137" | Nash, 681-7....... mee) oe 
(Cameron,6-352.-....- ae 19.37% National, Sextet....... 214” 214" 
Case Hie Wide “het Nelscaee eee a ee SUS 
Chalmers, 35 B&C.... 234" 234" Noma, 1D...... se 104e 
champion varkaee Cente Norwalk, 430-Ks <2.) Sean, 
El aay aeciD Ra wyaere q" Q" ° A 
Chevrolet, 490......... A al Tosca CR battle. 
Get Age os ee a a Oldsmobile, 46,....... aml ae 
Climbers 3 ye 0 Oldsmobile, 45B & 37A 134"... 
G ta ee 3 2) 2M) =) Olympian} 45) sss ne A | WS 
Gate hin S S 2%" 2" Overland, 4,.1......-5 ae 2° 
Cones a : a ; aye tA Owen Magnetic........ 7 a 
Commonweéaith. . Aa RAe 21 ye Pp. E 24" y" 
Crawford, 21-6-40....., 2 i 2s Pages 9G oe 7 ue He 
Ae RODD 4, sees aige, 666. . M : 
Cunningham:......... 2" 2Yyr esteon 650. ie 2K" 
Daniels, D19.......... 134" 1%" Peerless, 56-56 1%" 1%" 
Davisesensustant umes, see areas Rdhass Be Fi ‘ 
Dispatch ae Pee iedmont, 6-40... Vy" 
Dodge Bro 2" " Herce Arrows. cane os . 
Dost, 15.. ayer aye f Pam, Avensis een eee 214” 
Dias HS- . 284" 134" Se sia latest se aed 
is, 680.. mate DAN yr HOES cistern ee teloTee % acre 
Dupont Ge Satan ov ings 2 Rorter, 46.545. ..:75¢ Teel G2Cae 
aS ee Z| Premier : ianlegeee 
Elear, D, H, G, K ae gue | Ce Su he eerie 
Eigins o Rte nia coding a Ranget).B seiner sig a : 
SSEX, CMe ciguvet er «171K > 2 a" Reo LO pea ecanaeney : 2% 
ECONOMY... sunres'- cata: tea” hee Revere, Series F....... 3” 3” 

q Ve ei OR ear | WRoameac.«;cnespreonam DEN a Ron 
Perris, C21. ise-s-000- wa, 26, | RO Eile Nocti eas 
Franklin, 9B...... 29. 14" 1346" Pr aA aan a Son 
Ford, T 136" 144" R. & V. Knight-J...... 2 2% 
pb Sak Yo UAT VR @V. Knight-R....) 216" 244" 

avdner, Grau ates Eat" " : 
‘Geronimo, 6-E-45....... yr ae eon, Haga identi Figo is . 
Gtantemesicemacan ice Q" i ayers Six. oh A 
0 8 ‘, Scripps Bosth ee aeeaey De ile Fic 
Hanson, 54-60......... 2%" | Seneca, RS & T21...... 14" 1446" 
galas dina sie\claiae tees aee VENUE os ois creicsinee Don 9 
pet ses ees cert ase aa ane eeveria, 35 A 24" 
Halladay, MS......... ree ae Spacke, 21....... Beh Ganirn sare 
Hatfield, A-42.... 2 2 Standard) lay. an ene 154" 154" 
Haynes, L. Six... +234" 234" 24" 
tas L. Twelv. Sse eT Ghee 
Hollier...... VAD se 
Holmes, 1921 z a ae 
Hudson, AEE oh 
Huffman, HS.. is 2 a" 
:Hupmobile, R-5....... 134" 134" ii ‘ 
Mem planvercseun steer anes 
fone 4 Texan, A36-B38...00 00... . tie 
ordan, M wy «2 ae Sats atte as i s 
Reine eee on Re yr elie, S4 Missense 
iets ae ie Velie; 38 acccin sent ma Ore aamaban 
Kline Kar, SK....-... 2 214" Westcott, D38. . facon Ge 
La Fayette, 134 134” Willys Knight, 2 Ati beep 3 
Leach,.... 2° Winther, 61.......+. 0.0535 . 2% 
Lexington, ge Winton, 25. 2h" Rr 
Liberty, 10C. Dy + Wasp, 2011,.......... Seu 236", 


1From Motor Aqe. 


1052 


VALVE TIMING, VALVE C 


The tables on pages 1052, 1053 give the valve 
setting in degrees and minutes for 1920 and 1921 
ears. For example, the intake closes “46-40” on 
the Cadillac; meaning 46 degrees and 40 minutes. 


The tables also give the valve clearance and the 
diameter and length of the valve, as taken from 


Motor Age. 


DYKE’S INSTRUCTION No. 88 


LEARANCE AND VALVE DIMENSIONS, 1920 AND 1921 
PASSENGER CAR ENGINES 


Average Valve Setting 
If the timing of an engine is not known, and you 
desire to set the valves, here is a plan to follow: 


The pitch of the timing gears is generally coarse 
enough to allow of only one proper setting, and when 


—continued on page 1053 


NAME AND MODEL 


Allen, 43......-- Brsvsncten 
American, C 6....:-+--++- soe 


American Beauty, C-55....--- 


Anderson, 30......-+-++--++* 


Apperson, 821-S......--- Neos 
Apperson, Anniversary.-.--+- 
Auburn, 639 H-K..... 
Argonne, 1920.... ia eyexevensis 
Bour-Davis, 21S.....-+-++++: 
Brewster, 1920......- goonson 
Briscoe, 4-34.....-- Gcate opeaviee 


Cadillacy 59)... sees as 
MABE Vetere taie gs a8 2aiaie aiejnletein ste 
Chalmers, 6-30.......---+--- 
Champion, C-4........-. cite 
Chandler, 27/001. 06+ 0s 4 swe 
Cleveland, 40........+-.-.-- 
‘Chevrolet, 490....... ietetetaiets 
Chevrolet, FB.......- ons 
(Sr EVANS oRogomoe ade 
Columbia, D-C & CS : 
Comet, 'C-93). 0.5. ee eta eerer 
Commonwealth...........- oH 
Crow-Elkhart, L-53-55....... 
Crow-Elkhart, H-53-55....... 
Cunningham, V-4.......... ra 
anselen ID ecyersisipieiaietetears's 4 = 
lBYA\O Ch HE Wa nn aooonadDT sree 
Dispatch, G....... ant padagar 
Dixie Flyer, HS-70.........-. 
Dodge Brothers. ...¢.+.+-+.: 
WOOETIS;| 0-00 rete nie etetene ss stone tie 
Dort, Udo acseocanacs Putaake des 


Du Pont, A 


Elcar, 4..... 


-Geronimo.... oocno00 49c0 
Halladays «ac ci-eas cesta: 
PLANSOM Od cisiehy ste lsteletelereereiaies 
Harroun, AA-2........... eo 


RCo Sue eras ate : 
Hollier, 206-B.... 
Holmes...... 


Hudson,..... 9 
Hupmobile, Riis sesca sei ae 
Jackson, 638, ......+ Socunnced 


Liberty, 10-C........ etelenetene 
‘Locomobile, 48. . 


VALVE TIMING 


Measured in Degrees and Minutes 


e Valve Stems 


no 


Intake Exhaust * Valve Clearance 
Opens Closes Opens Closes 
After After Before After "Valve 
Wppes Pewer Bottom Be Intake Exhaust Diameter Diameter Length 
Center , Center Center Center 
—EE——EEE 
10 44 48° 10 Q04 004 1.625 | |l) 375) 6.0625 
*g 45 45 Fs . .003 004 1.75 434 8.25 
12 40 40 8 604 .006 1.812 - 4375 5.687 
12 40 40 8 004 .006 Sai _.3725 5.625 
15 45 55. 10 1004 004 1.5625 | 375 7.375 
12 40 “40. “3” 3125 Bee “1.6718 300 «| 5.6875 
7 57 50 11 .006 .008 2.125 1375 ee 
10 28 40 2.5 1004 .006 1.5312 (3723 .| 6.0469 
10 50 45 Mes Sleeve V1. | Sleeve V1. || Sleeve V1. || Sleeve V1. | Sleeve V1. 
13 35 45 8 .004 .004 1.75 13725 Oe 
, I. 6.593 
15-10 38-40 12-40 12-10 .010 .010 (es .3730 4.843 
_— 1.25 || 3710 
P 46-40 46-40 a 002 .002 “16875 375 156 
10 28 40 i: ‘003 ‘003 1.53125 ar ee 
“ae 50 50. 10 1004 004 1.60 3125 | 6.25 
5 38 47 10 003 ~| .004 1.5 375 5.5 
16 36 46 9 1004 ‘004 1.3125. |]. -375 6.25 
. 40 30 10 002 .003 1.3125 13125 4.156 
nis 38 45 10 006. | <006 Sue yates 
: ; ‘ 375 4.875 
12 ‘40 40 8 .004 .006 1.812 437. | 5.687 
5 38 47 10° 003 ‘004 a Stee 375 5° 
5 : : é 375 5.5 
t 33 40 4 1002 - .003 1.68 4375 5.375 
$ 45 $5 i ee: Ce ay eaee eree “eee i 4 eee 
10 50 45 10 ‘003 Jo03 oe Were se 
12 40 40 8 2004 - 606 1.5 i ae 
yer fuon wee . , ; a so #33 Ea! 
“aa: “aes “45 soa sae wee Pete lie, oe 
‘ : 1.68 
10 43 45 10 34375 | 134375 ee 1373 : ere 
ef isis is : -003 -003 ‘ arte ’ pee 6.0312 
ce 40 45 See oeee 5 ee 6.0 . 
sess 40. 45. 1c .003 .006 1.75 1375. 6.8125 
: 3 3 5 oo, ee abe Be ntees 
rei ae a ne 004 1.5 375 5.5 
+e vy a i ee ata a8 13725 5.625 
4 43 22 e Aes 008 [1.3750 | eotO Nm eaeG 312 
+ ag ie — cee Pegs TEV 1373. | 5.5625 
0625 5625 3125 a 025 | 1025 ane pe. pe 
ne x ae . ie 025 1.2656 mee 105 4.974. 
- a re - O10 | 010 1.3125 |’ “338 4.7187 
15 we oe ao Lellin A ‘ pea ott, Get 
50 45 10 ‘004 rool meine Dosis ata ste 
15 50 45 10 0s “| Soo tla gaye ; Racer 
5 35° “47 2 Re Rs I et wee Pee 
.004 .006 1.562. 5. eos 
BY BP Bo] Bef ee fee eae 
33 50 15, 3125 3125 1625) a eau. 3.75 
7 - ne 3 (aus 3.2 } 
F 25 
12 44 44 12 ae ore 1 Bree 370 | (6.75 
8 40 40 12 004 aoc elena 375 5.5625 
10 28 40 2.5 x 15 3725 5.625 
i .002 003. . 1.6875 375 5.875 
Tne Me ees i TS 
: 4 ; ‘0075 ; Z 
s | Sf 2 | 8 Pus.) gos seers Il, Sing} Gate 
10 33 67 8 es ne |) 1.812 3735 | 5.75 
a 46 46 ai ~ 003 ppeelaeees 375 +! 5.875 
10 28 40 Am IP outa ‘006 ne pein aoe 
12 40 40 8 004 «=| = ‘006 1.531 - || 3723 6.046 
2 40 245 6 .002 (003 1s 3725 5.625 
5 Ae ey onsale oat eS as 
; _ 433 | Boar 


[concluded on next page 


VALVE TIMING OF VARIOUS ENGINES 1053 


—continued from page 1062 

the proper position is almost reached, the tooth of | necessary to pay any attention to more than one of 

the cam-shaft gear, which should mesh between the — these dimensions; for instance, set the exhaust clos- 

two teeth on the crank-shaft gear, will be so close ing with the cam shaft, since most engines are of 

that less than the width of one tooth will be between the L-type, with all cams on one shaft. 

that and the exact position. After making this setting you can determine if 
The following is an average setting of 114 cars, the setting is wrong, as it will probably be out only 

as given by Motor Age. The intake opens 9.5° one tooth on the cam-shaft gear, one way or the 

late and closes 37° late. The exhaust valve opens other. 

50° before bottom, and closes 9° late. It is not 


ihe a a ee 
| VALVE TIMING 
Measured in Degrees and Minutes 
Intake Exhaust Valve Clearance Valve Stems’ 
Aft eee Betore Aft Val ig 
te: ti “ 
Waren owes Bottom Top Intake Exhaust [Diameter Diameter Length 
NAME AND MODEL Dead Dead Dead Dead s Y . 
Center Center Center Center f 
bish 004 3125 Lee tae 
13 oe 1.375 1312 4.5312 
19 .008 2. Res {18 
5 265 1.5 13725 | 4.39062 
10 .004 2.18 » 1403 8.24 
5 ,0055 2.37 -370. 9.6562 
Meteor, K & R....-..--0--5- Bake ACD ome rie 
Metz, M6....... cic ee 15 .003 1.3125 || .3125 | 4.8125 
EMAitchells R40 hey omens aces 10 .003 1.5625 3715 -| 5.625 
Monitors S 3 aceec ee cenincn 12 .006 1.812 1437. 5.687 
Monroe, S-9 & S-10......+5. 5 +378 1.75 1375.- 5.5 
MocukGAshoht aces oct 12 006 1.5 13725. | 5.625 
Moon i668 4.20 ecu cc Re 10 .006 1.531 ‘3723 |. 6.046 
Wann Con copoucocanaas eae 005 1.75 375 6.875 
Nash 68123-4250: Oume pees 15 008 1.5937 372 5.625 
National Sextet, BB........- 7 ‘003 1.7812 371 5.8125 
as 25 3125 | 5.375 
Nelson, D..... Ae aa ree 10 -905 1. : “ 
Ronse Dose Acido cies 5th Fs) elese seed ateees 
AE et evra ie poet 8 tee 117-5 008 1.125 ||. 3125 | 4.875 
(EA, (HE ncn sonceucueacene 10 006 1.6875. 75 eas 
Diabhie! 45-3 sae a ae 15 - 008 1.4375 1309 4.633 
 37-A. amet 7e5 - 010 1.2812 309 4.890 
Oldsmobile, 37-A.....--- aYave aoe lees ae Hee 
Olympian, 45... <5. -6--+-0s- 4 3008 ‘ F ae 25 
Overland, 4....-.-++++ mow aac 97 suo: e606 siete daomeuaies 
dae cere ee a 004 1.6562" || 3405 -| 6.7812 
Wapeie STR ee 15 5003 || 1.4375 ‘S115 08 een 
Son Bae eed 15 1004 1.551 73723 | 6.125 
Reape ted 003 1.75 1375. | 4.375 
Rt ae a ae “12° .004 1.625 .375 5.25 
Paterson, 6-47 12 : . 
Peerless, 57. Se cs ae 22 +008. 1.5625 Sn 5-5 
Picdmiont6:30) Meee uae “ss sis rise | ave 
Piedmont, 6-40! Aiarrietetercuntte ol : ae 1620 cae paras 
Pierce-Arrow, 31.......-++-+> : ‘ r 
Pierce-Arrow, 51.....-.-+-++: avaate ona ) o0be ete 
F ‘ .006 1.5625 3725 6.937 
Be ea git recon ee 004 1.8125 :374 6.656 
Premier, BD is (0135. |] 1.5 372 S187 
ee Nae eee eee Sleeve VI, || Sleeve V1. |] Sleeve VI. | Sleeve V1. 
BiG Ve Kolekts J: i 002 2.125 4375 | 4.1562 
Reo, T-6.......-- See vieteiaa ie . ae eis 
.187 Gey] ll GES, - 
Revere, C....ceec scence eee 7 004 2.187 ; pet i “=! 
Roamer, C-6-56.......-+-+-- ante sees see 
Roamer, D-4-75....--5++--+5 seer see rs ay 
Saxonltl 25a ee easton as ae Rigs ee | 
Sayers, SP......--- igs sia) essa a2! we 1195 ip 4.937 
Benin ort te tee a7 ‘006 1.625 3125 | 5. 
Seneca, L 20........ Raloce 080 ms “006 1531 3723 6.046 
Severin AP ae teae 3 ae a "eveete eaee We eisieena mi aeelel sce. 
Singer, 20....... ee stee ‘ eree ree shee 
Skelton, 35......-.55-ss000* cae ‘006 Leos ‘330 vis 
Spacke, S 20 : 8 ‘005 1.4375 4375 “| 7, 
Standard, I......,--+--se0e8 | a a os ae hang 
Stanley Steamer eS be ee By eee wee eee eae 
Stearns, SK L4.....-----+- gt 004 1.75 3105 5.5 
Stephens, as oO DO LT Sse ea ce ie: 
Studebaker, Eg 0 sens 7s 2 : 1.875 375- | 6.125 
"Studebaker, E H-50........-- 7:30 ee i tie a 
Studebaker, E G-60......-.-- ay eA Bie eae ke 
1.18 .003 1.75 374 3.9375 
“TR .004 1.875 375 a 
2 :004 1.5625: 4375 | 8,25 
12 .006 1.6 3725 | 5.625 
ai 002 1.6875. || 372 6.2343 
12 .003 .003 1.6718 372 5.7656 
CaS dan oc nia | ie Sleeve V1. |'Sleeve VI. || Sleeve V1. || Sleeve VI: | Sleeve V1. 
Willvs-Knight, 20......+-+-+- 3 002 004 1.75 4375 | 6.375 
Wincher, 61.....-- Ror lere i iehaks . : "006 “006 119375 "4375 B85 
Winton, 25...-..-.+22+000"" .004 .006 2.5 (4375 | 6.25 


Wasp....-----++:- 
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DYKE’S INSTRUCTION No. 83 
VALVE TIMING, VALVE CLEARANCE, AND VALVE DIMENSIONS 1919 CAR ENGINES! 


Intake 4 Exhaust _\|f__Valve Clearance \ ___Valve Sterns 
Opens | I Closes Opens ee WWalve | 
| After; ;. ter Before ter ; ; 5 ‘, 
1 Upper | Lower || Bottom | Top Insfall | Exhaust || Diameter || Diameter |} Length 
‘| Dead i Dead Dead Dead 
s | Center Center Center Center . 
— Sta masala cee alin oe eet 6 5/16 
Apperson 8-19 ...... || Wy 45 55 10 3 ; 417/32 
Auburn 6-39-H 9 { 33 67 0 { .003 .005 4.17/32 
Auburn 6-39-K .... 0 33 67} Ho4 .003 .005 : 
Bour-Davis 18-B My i 28 40 |; a i piesa Semper - -- 
Bour-Davis 20 : Some 67 | eee | eee we , 
Briscoe 4-24 13 350m 45 | 8 004 004 3 zy 32 
Cadillac 57 . 0 ' 46-40 46-40 0 002-.003 | .002-.003 Raves 
Case; Ure. ea 10 28 40 0-38 .004 -004 
Chalmers 35-C & 6-30..... 0 50 50 10 .003 .003 61/4 
Champion -KoO .... 5 40 45 5 .003 .006 contoestess 
Chevrolet 490 . e 16 52 40 16 .002 2002 tee 
Chevrolet FB .. ia 1-30 54-30 44-30 11-30 -002 -002 45/8 
Chevrolet D ,.. as 0 56 46 10 -002 002 7/8: 
Cole 870 .4....<: 2 15 38 45 10 3437 .3437 ney 
Columbia EFG . nea 33 67 0 ‘004 004 5/8 
OMe tis ...a...-se-- A 12 yy | 34-6 4.93 .003 004 6 
Crawford 9-N ...... 10 28 Ot 40 {2-30 .003 .005 i 6 3/16 
Crow-Elkhart K-36 5 37 H 47 10 -003 .004 E 51/2 
Davis 6-H ..... 0 33: 67 OE Di, ae |e eee -- => 
Davis 6-J ..... 10 28 i 40 2-30 -003 .005 j ee en 
Dixie Flyer $8 45 45 8 004 :004 | : 6 9/32 
Dodge ...... 10 35 q45 8 .004 .004 Hl 6 17/32 
Dorris «. 10 45 45 10 eet es : 43/8 
Dort 9 5 37-42 47-18 10 ae 3 : oe 27/32 
Elcar 3 37 47 ne cosets Bees 5. eee 
Elcar .. 33 67 ee -< — westereeceee seececeerme 
Elgin H 13 42 45 10 282 282 are 23125, tas 
Essex A .. 7 42 55 8 4 6 Hae 375 ve 
Ford . 12-40 50-49 37-52 0 1.421875]| 311 4975 
Franklin +8 49 51-30 Tee 15 338. 47/8 
Geronimo 6-A. 15 50 45: 10 - 1.3125 23125 53/8. 
Glide6-40 .. : 15 50 45 10 1.3125 +3125 53/8 
Hanson ....... 0 33 67 0 ken | eee Oe setowoeseree 
Haynes 45 & 4 5 35 47 2 1.5625 4375. 65/8 
Haynes 46 5 35 47 2 ae ne SS 
a 1.2 i312 
Holmes 1 ...: 15. 33 50 15 Peat: { aie aes 
7 42: 55 8 1.8125 375 6 7/8 
12 44 oly 12 1.625 375 _5 11/16 
10 28 40 2-30 1.6875 BY 3 5 9/85 
10 28 40. 2-30 1.6875 ihe 5 43/64 
5 35 45 0 004 - 1.8125 375 57/8 
12 45 oo 12 -004 - 1.5625 3125 5 
Lexington 6-R - 0. 33 67. 0 -004 1.375 -310 51/8 
Locomobile 38 : 0 #5, *3/4 % —— 2.5 433 73/8. 
Locomobile 48 . *3/32 *3/4" #34 0 oe 2.125 433 89/32 
Maibohm B 13 42 45 10 .006 (3125 43/8 
Marmon 34. - 19 35 45 12 003 375 517/32 
Maxwell 25 . 5 40 35 0 east ae Gl eS ce an Ra Egan 
McFarlan X . 10 40 55 he * * <a Pag Fier 
Moteers er 5 55. zo 15 mes .004 : 370° 9 
itche 10. 35 4 4 A 004 1.5625 375 , /16 
Monitor M & O. 0 33 67 OY ee = ae SaaS oe ‘ = 
National AL ..... 10 28 40. 21/2 .003 003 1.53125 372 - 61/8 
National AM’. 6 43 42 21/2 004 004 1.4375 356 51/8 
Nelson D ~...... 15 35 45 10 .005 3005 125° || .3125 51/4 
Oakland 34-B i. 171/2 38 42-30 7-30 3446" 03446 1.125 63125 5 
Oldsmobile 45-A . 15 38 45 10 .004 .004 1.125 309-311] 49/16 
‘Oldsmobile 37-A. ......_...... 17-30 38 42-30 7-30 { ne { oa 1.125 309-311] 413/16 
Olympian 45 0... ees eee: 0 62 65 5 003 » 012 1.5625 || 1.71875 | 6 
Overland 90 & 90-B. 5 38 46 15 .012 603 1.75 | 23735) hee S vas 
Owen Magnetic W-42 .... 5 50 45 0. .005 005 1.8125 4 5.078 
Packard 9 42-30 47-30 4 .0025 004 1.65625]/ 359 6 41/64 
Paterson .. 12 45 55 12 Cae. pees 1.5625. 3125 43/4 
Peerless 56 422 70 70 22 ae: eee 175 ||eeesit 6 9/32 
ianna R 0 45, 55 20 004. 004 1.8125 || 372 8 
Pilot 6-45 10 50 45 5 :004 004 1.5625 372 615/16 
Premier 6-C . 15 38 45 10 0135 .0135 15 372 53/16 
Revere ........... 7 11 50 7 .362 -362 2.25 4375 5 25/32 
Roamer C-6-54 10 28 40 2-30 .003 . .005 1.6875 372 63/16 
Sayers. Bis shores ici a 12 45 55 12 .003 .004 1.5625 au 421/32 
Scripps-Booth 17-30 38 42-30 17-30 Ae, a 1.2825 |] “394 47/16 
Seneca H ..... 10 24 45" 3 004 006 1.625 3125 5 1/16 
Standard H . 8 45 45 8 .003, .003 1,625 435 61/4 
Stephens 80 . 5 49 49 12 ee he UR sees we 3125 33/8 
Templar ... 10 36 50 10 .003 -005 1.75 375, 41/4 
Tulsa ..... 5 37-42 47-18 10 .003 -003 1.5 374 51/2 
Velie 38 0 33 67 0 .025 . 025 1.375 310 5 5/32 
Velie 39 .. 10 28 40 2-30 .025 .025 1.53125 .372 6 15/64 
Westcott 0 33 67 0 250 250 1.375 310 51/8 
Westcott A-48 ... 10 28 40 2-30 3055 -337 1.59375 372 6 15/64 
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ECIFICATIONS FOR REPLACEMENTS, ACCESSORIES, INTERCHANGEABLE PARTS, EQUIPMENT, AND STOCK GOODS ON 1923 PASSENGER 


CARS—See Pages 1058-1063 FOR GENERAL SPECIFICATIONS OF 1923 PASSENGER CARS. 


The specifications on pages 1055 to 1063 are from “‘ Automobile Trade Journal” (Chilton Co., Philadelphia) by permission 
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1. Engine (Make) 3. Camshaft Livingston............ Livy” Bale! tn. 2 7 Serene Eag K&W K-w 
Motiad dae. era Drive ong.... ae: OD) s (Holley ape aeee Hol Mayers. ee) ee 
eg et ESE we McCord. Me@hys Jobnsontnn ere: Jon National........... th 
Balt ie Chnnlmen onsen @ Mayo.. Myo" Keats) eee K-D Northeast. . NoE 
Coe Res Gon, telicaliGearen 0 H Moline... Mod Kingston............ Kneis Philbin segs Phb 
ee ey ee en Spur Gear.............. Sie NETO commas Nat Brvol en te ates Wives Wsting a mw eaaee en ian 
Dusenbcer see Dus Vertical Shaft........... V Heels Re, apt hes ve vale ie ett Ted: Mill” Scintillay,. ©. See sy 
Haliienk ke Fal hice. canter sin oe er lewCOma Deere ate <er ees Nec Simms-Magneto...... Sj 
Guy... et. Gr, 4. How Cooled Sheen re Ae ‘pe Ut ns ooeeee Ray= sSplitdorf = Shc... Spl 
Herschel Spilman. Hsp me i SPEAR Set sige tee eovehlet Me Tec ae en Oe Le so Wag 
BRA RC ae EE ae ag ge ce iy Indard We ce <sieicicis SOUL ae SCOC MERE Sanne co 
Tyaominge ieee, a #4 Pump.. Ip opE Sea Chace p United States Stewartovan...cicesu Stw estinghouse......... Wst 
Northwar tis eee Nyy Thermo-Syphon...2. T -, Cartridge......... UnS.) Stromberg... .0. 0. oc Str 10. Lighting 
Rochester............ oc : Wate con Budsescoage Yng Sunderman........... Sun Mak 
eal & Vandervoort. R & V 5. Radiator HAYS ONS 5 3 Whi mike BOER SO RUDE cos Swa ( ake) 
cance a eainets Bat INGE. secu Ang. 6. Lubrication . Yale floes nae Imers........ AIC 
deotee Heatley A ce a T-H Bia ganar shee Bus Force Feed & Splash B penile ae Bijur. oe nee 7 
ca eee Wi aiden! en Br Cet CHEDIREL Se: BM Seal DAA? Par ecg my A re ne eee 
S i CaaS: Products... ‘ LAS Bh owes ieerduorstacrtewsigieece ro Bosch Sara SNe ecient Os 
WViSCOns in an tenn Wik, “Choaoeaas toes : sy ae Ore sh cedar aaa earn F 9. Ignition Continental.......... Con 
leo Ares. ae 
2. Valve Arrange- inmels are a 4 Dyneto.... 4.08 eo 
ment English & Mersick. . E& Exide atis Lehazedy! ie siacetere Caren Exi 
: ureka Gray & Davis......... GD 
Head & Side... D Die Hedders Leece-Neville......... LN 
Horizontal . it Ge Northeast............ Nok 
L-Head.... Sl, EES een CDI Fh Ariss ee Rmy 
Over-head a ..1 Hooven Splitdorta.e eee Sp! 
Sleeve-Valve. . ....§ Jamestown United States Light USL 
T-head q 7 
BHOAC. 1251 v-/eb auth oh. Lena eri a en Wagnentecn a amanens Wag 
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ELECTRICAL 
EQUIPMENT TRANSMISSION OF POWER MISCELLANEOUS 


Engine Starter 
Clutch—Make 
Clutch—Type 
Gearset— Make 
Gearset—Loca’n 
Speeds Forward 
Universal Joints 
Drive and Torque 
Steering Gear 


3 
d 
s 
z 
a 
A 


Lighting 
Final Drive 
Gear Ratio 
Rear Axle— 
Rear Axle— 

Type 
Wheelbase 
Speedometer 


6] Ignition 


pes] 


13 14 1 16 20 
4 Cylinder Gasoline Passenger Cars 


1|A-K |AuL |AuL |B&B|P [Ful [U | 3/UP |s [4 eh 
slim \deb (Geb lwer > war U | 4 [Sic |S [48 |S lsep [Ho |S |i2t |Op [az [Gem [Stw 
3|Sim G&D |G&D |War |D |War~-|U | 4 |Spic |S {4.5 |S |StP Flo |S [125 Op 32x4 Gani ie 
4\Ber USL |USL |Own |C |Own |U | 3|K-B |S |4.25|/T |Own |Flo |L /125 Wa 34x4 Owa Bie 
5|Del Del Del Own |D |Own |U | 3 |Own |S [4.67/T |Own [34 S |109 Wd Hae res ie 
Ry |Rmy |Rmy |Own |D lown |U | 3 (MM [8 (4.551B lOwn [34 |Q |103  |wa |330x334|Jac. [AG 
7Rmy |Opt |Opt |Own |C |Own |U | 3 |Own |S |3.77)S |Own 1g Q {103 Wd 0x314 MP Stw 
8|A-K |Wst |Wst |B&B|D |B-Li |U | 3 |Hrt S |4.9 |S |Adm |% Seed a Wd |33x4 AS |VS 
9INoE |NoE |NoE |Own |D |Own |U | 3 |Own |S /|4.16/B |Own |% 34 1114 Wd |32x4 Own |NoE 
wcee [eee fees, (BB lee |e (EOE eae EL Ug ee et laa ie 
Ww. ar pi F 1 Ss 
12/\Con |AuL |AuL |B&B|D |Own |U | 3 |Own {8 ]4.18/8., Dra 3 iS} Ab a ei CAS a 
13|Del pPel Del B&B|\P |War |U | 3|MM JS [4.7 |S |Sal % S }112 Wd |31x4 CAS |Stw 
14)Bos |Bos {Bos {Own |D |Own |U | 3 |Spi S |4.66/S |Own |% S |1081%4 |Wd |32x4 Gem |Stw 
15}Own wn |Own |Own |D |Own |U | 2 |Own |B |3.64/T |Own |% S |100 |Wd |30x3% |Own 
16\Wst |Wet |Wst |B&B|D |MM |U | 3 |Pet 8 /4.8 |S |Fli 34 Sea Wd |32x4 Dit |Stw 
17|\Wst |Wst |Wst |Own |D |Det |U | 3|MM |S [3.9 |S |Tim |}4 |C {100 |Wd |30x3%4 |Own |Stw 
18} Del Del Del B-Li |D |B-Li |U | 3 |Spi S |4.64/T |Own |3%4 S |120 Wr |32x4% |Gem |Stw 
19/A-K |Wst |Wst |Own |D |Own |U | 3 |UP S |4.87/8 |Own |% Ss 112 Wd |32x4 Jac |Stw 
20\Bos |Bos [Bos [B&B IP [Det |U | 3 [spi § |4:75/8 |StP i 18 (iL |We 2824 lay |eM 
os 08 os wn wn baat ee F wn |Ded |S /|111 Wd |32x3 - 
zune «Bee «(Bos ~=|B&BIP |w.M. |U |'3 [Spi |S |4:7|8 |Sal [35 |S |112 |wa xy) ee 
3alRey \Rosy |Rmy \Own |C |Own |U | 3|T-H [8 [4568 [Own |3¢ |S |109 |D [31x4 [Own |A.C 
24|Eis Wat |Wst |Own |D |Own |A | 4 [Spi 8S |3.871S |Own /Flo |S |132 Op |33x5 Gem |Stw 
25|Bos Bos Bos B&B\IP |Own |A | 3 M |B [5 S |Own |% S |100 30x34% |Own |Stw 
26\Con |AuL |AuL |Own |D |MM |U |'3|MM |S [5.3 |T |Own |34 P |115 Wd |32x314 |CAS |Stw 
27|Del [Del [Del [B&B |E [Own |U | 3 Own |§ [4-098 |own % 8 |112 |Wd [33x4"° |Gem (Stw 
is yn yn _|G- - : er 112 Wd |32x4 AL "4 
2eiKis ipa |per |B&B|D |M-P |U | 3 |Own |S [4:7 |S jown [84 MS lwa laose Sas [Stw 
23\pel et, [AcL |B&B|P \Own |U | 3 |Own |S [4.5 |S |Own [34 |O [100 [Wa |30x3% |Own |Stw 
31|AuL |AuL |AuL B&B |P |Own U | 3 /Own |S [4.5 |S |Own a O |106 Wd /|30x3% |Own |Stw 
32|Bos Bij Wst |B-Li |/D B-Li |U | 4 Spi S |3.6 |T |Eat lo |S {131 Wr (32x44 |Gem |Stw 
33|Bos Bij Wst |B-Li |D |B-Li |U | 4 Spi S |3.6 |T |StP A S /1381 Wr |32x4 Gem |Stw 
34|Spl Wst |Wst |B-Li |D |B-Li |U | 4 |T-H |S (3.77 S |Tim |% L {128 Wr (|32x4 Jac |Stw 
35|Bos |Bos |Bos |Own |P jOwn |U |3\UM |S [5.7 T |Own lo |S {118 Wd |32x4 Own |Stw 
a6\AuL aul jAuL (BEB ID GE i lelue |g lass [Pe rio (8 lta [wa ana” [Dit [Stw 
u u u : - 5 er ) 112 Wd |31x4 D 
3s|AuL |AuL |AuL |Own |P |War |A | 3 Bri S |4.88/S |Tim 4 S |102 Wd 30x334 War aks 
39/A-K |Wst |Wst |Own |D |Own |U | 3 li S |4.5 |S |Own 4 C |125 Op |34x444 |Own |VS 
40|\Con |AIC |AIC |B&BI|P |Cvt U | 3 |Hrt sree S |Wis |Flo |S {114 Op |33x4 Jac |Stw 
41\Wst |Wst |Wst |B&B|P |W-Gr |U | 3 |Hrt Wel4 ose Per Flo |S {110 30x34 é 
43 vere Rey ae Es ¥ te B 3 Bt : eo z le 33 a ets we 32x44 |Gem |Stw 
43)Au u u wn wn wn . wn A, 32x4 Own |Stw 
44|AuL |AuL get Own |D |Own |U | 3 |Own |S [5.12/S |Own |34 |S |124 Wd |32x41¥4 |Own |Stw 
| 
‘ i I ATRG Os sannpenteanc Mun) “Rear Axles...) ree Ry Springsi=. aber dace S Full Elliptic (front and 
a Engine Muncie Products. .... M-P Unit with Engine....... WW) Longue resretetteretant-itras i TOAD) oy catechol leds Hla 
tarter Neilson.........0-0++5 Nei tere ae ee eae 0 
: Nocthwavl eee: or y 2 uarter Elliptic (front 
he Celests rae Ne A ecko We Lee. Rfd 16. Universal ep eins and Tear) eee meee 
DRGs hea bibs yenig, Wis) "he noeoeeononee USL Joi (Make) Semi-Elliptic front. 
Bon you Um Or =) WarnedlCorp. ts. en Wan oints Cantilever rear........L 
ISiivtgs,. Sabon aonmebnd & Bij Pp WG INGbIIE aga Bc nooods Somiabllintie front 
Boscheee neds tea a2 Bos Warner Gear........ SO SAcme wactctis: 5as see Acm American Gear & “Pla Te : P 
Delos secs eee enee rece pel 13.. Clutch (Type) Agee ae ee ee Co Semi-Elliptic (front 
ISCO MPR AS te uinne: is Se ne: ar 
Renae by tm D nlssitee Sails andrea) Nertdetelt oe iS) 
Com ebaves ti: GED See ee C Hartford... “] Art Columbia... cee ee Bom i phe eae 
Leece-Neville.......-- Nh ee P ioe Brother ene an Ting’ Se eee tote i 74, Tellipvie rear). <7 a 
Mabertyewescara wk eee Ti Bp Ae ee insler-Bennett . F 
Nowthenet oo ote Nok eae ae ae 2 eee é: Bvans.. ‘M&E Gene pal We ee ‘Guc 22. Wheels 
Remy. pecs: Rmy 14. Gearset echanics’ Machine Salisbury, ...---» +++»: Sal: - Disc (fae eee D 
eee eaopees = Set Pas Pon at Meh te eae nue Rosle ere & ee Hees RAS oem anzatatis ae 
lit onteeieeieis sete sre v- oe Ol Commnanercak Sp ‘ood Me eee 
WSL isieiiee se oteaact USL Cotta........-. co Peters. .... ...Pet Standard Parts Co StP 
Covertweeicssar Be Snead... .. BSnet inti a eee ee enen ; ‘ 
Bee Wi pedletrolt, «dace. “Det Spicer... metas pene Tim 23. Steering Gear 
Westinghouse......... Wst Dundore.........- : Sterling........ RinuyyicetoneNtottnee Gen ne Mot CAS Products........ CAS 
Durston ert a Thermoid-Hardy:./...T-H  ‘Wisconsin........-.- Wig Ditwiler.............. Dit 
12. Clutch pet eet “1 Universal Die Shaft. . amp Gennes Seeeter eaeraees Com 
ie rant-Lees.......-++: Universal Machine. .. . COX, caysisinehists eee ever ac 
Rom (Make) Meshanicl Machine SH Universal Products... . . UP 20 ee ae Wee spits oes su oy 
Orolo ie has else) oles als: ns Osyclard Sintelaretevelstaieaare: uncie froducts. Me 
on vies ype tee 
Borg & Beck........- BeBe Muncie shat eere rere: Mun a IMG benmwanpoossocner Ros 
Brown-Lipe.......---+ zu Muncie Products. .... ae . Final Drive Deed Wee. esis eA pe Warnes Ure ey ve 
Wee cease VU  INOTEDWAYe sie siye amon HN terse sreastets Be occootiocand 
Detlaf REP Geeeise een: ¢ Dtl er etme War Bevel Gear..........05: B Seni Floating se M4 ee ‘a 
IDE ptioa aabooneane Det Warner Gear.......- W-Gr Chain.........--..-+5 C 3 Floating........... 54 24. Speedometer 
=Doo0; -* “Win Spiral Bevel.........--- 5 
Dooley. ......+---+-: Warren......-..-++- a fs A. C. Spark Plug A.C 
Willis Morrow. ......W- aes, eh tte 21. Springs Johns-Manville.......J-M 
15. Gearset Pits (Front and Rear)  Standard............, Std 
. Torque ; Stewart-Warner....... Stw 
Location Cantilever (front and Van Sicklen'.:........- VS 
fe oor eh A Springs and torque tube. .B TORN carte conte ee Neuere: © Waltham...........5. Wtm 
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& Lia} ag 3 ) 
-a S 
Model Number ° = £ Ee ee ee Ge) 
r) Rae abies it 
5 and a £ [es [S121 Bl/AlS ce] 4 “ 
5 : ares aie) = ° Cotta 
Trade Name Engine Make ~ 9 aac) LOR | a|2/%o a Qi) Gets 3S 
c and Model 5 3 OS esata esas ° =| 03 > 
Zz g Bee Ore Neder tea) 3 S| Teves 3 
© A) on Se Secrest ee) eal os cea 5 a Be 2 
2 e oa | fim (heceee | 2 ol Boel coves ‘ 
a z Sore A | eta| Ss a \hes a 
a ea a PE CESS SW Gy ies! he et dh Sy fed S) 
Columa Numbers, Key of Abbreviations 1 2 5 6 7 8 


6 Cylinder Gasoline Passenger Cars 


BA Cec Durr errcan cic set ead ee H-Sp 8x5 248.79 | 25.4 |6D |L |H |P |Own F /V-18 |Str 
DBA Ce OP, ere ee a, ae Con 354x514 1325.08 | 31.5 |6D |L jC |JP {Own F |V-30 |Opt 
3) LENCO. 5 sonaocb vanes Con 6T 3%x534 [825.08 | 31.5 |6 D |L |C |P |Myo F /|V-25 |Str 
Ali Arnerioan D660... -Sp 3i4x5. |288.63 | 29.4 |6D |L |H |P |Liv |F |v-20 (Str 
5| Anderson 50..... ae ee Con 334x414 (241.52 | 27.3 |6D |L |H |P |Fed F /V-17 |Ray 
6| Anderson 41..... Hh Ve eae Con Vx4 195.6 23.4 16D |L jC |P |Fed F |V-17 |Zen 
7 Apperson6:...0 Own 344x4% [195.6 | 23.4 16D [I |.../7 lown IF lv-17 (Ste 
S|PAwburn 6-682 5..........5 Own 14x5 248.79 | 25.4 |6D |H IC |P /Jms F |V-19 {Str 
OPAwburni6-43 ates eee ene Con 3144x414 1195.6 23.4 16D |L |C |P |Jms F /V-15 {Str 
(OBarloy 60 ve oe Con 34x44 1195.6 | 23:4 6D |L IC IP [Moa |F lv-15 |Str 
TURayiState #6 ee Con 8R 334x4%% [241.52 | 27:3 6D IL |H |P [G&O |F lv-23 (Str 
12 Bour-Deavis 21-9900... .. Con 316x544 |303.06 | 29.4 I61 lp NS pe) notte F |V Zen 
13} Buick 44-45-46... 11.1117! Own 33x44 [241.52 | 27.3 |6I |r |H |P lOwn (B Iv-16 (Mar 
14] Buick 48-49-50... 1.110027! Own 334x414 /241.52 | 27.3 161 [I |H |P jOwn |B |v-16 |Mar 
MOC ase Xe iP eee hae oe = oe Con 8R 3%x416 [241.52 | 27.3 16D |L |/H IP lOwn F /V-15 |Ra 
DG Case Wi pase ee ee OE Con 6T 34%x514 (325.08 | 31.5 |6D |L |C |P |Own F |V-18 Way 
ie Chalmersensaeian.ceae aie. Own 334x4¥4 /123.91 | 25.4 16D IL |C IP |Own B |V-16% Str 
SBC halmerssemen se saree Own 344¥436 1123.91 | 25.4 16D |L IC |P !Own B /V-1614|Str 
19leChandler6............0° 2° Own 344x5_ |288.63 | 29.4 6D IL iG |P F |v-20° (st 
20| Cleveland Six 42..........! Own 42 3yx436 |198,81 | 22.5 6D II IC |P |Har |F |v-i6 str 
StieClimber 6k tek. H-Sp 1100 334x5 |288.63 | 29.4 16D IL |H |P |Liv |s lv.20 |str 
22| Columbia Elite... 1227777! Con 3%x4}4 [241.52] 27:3 6D |L [H IP |Har IF |va7_ (Ste 
23) Columbia Six............. Con 34x4% [195.6 | 23:4 6D IL |G IP lIms IF V-124|Str 
24) Comet ©-53=25.5....-..... Con 334x514 |303.06 | 29.4 |6D |L JH JP iCan F V-20 ¢ Ste 
OelaCsurict ee, Fal 3%x4% |195.6 | 23/4 T jtr"isin | le ya aes 
26], Crawford 23-6-70.........| Con 3 54x54 |325.08 | 31.5 |6D |L |H |P |Bus  |F Fens 
27| Dagmar 23-6-70........... Con 354x514 1325.08 | 31.5 16 D 1B. Wee Wey apes F |V Fen 
28 Davie O3sRe. | c.k Con 384x435 [24152 | 27:3 6D |L lH IP |Jme |F lv-i7 leer 
29| Davis 70-1-3-3-4-5-6.. 1” Con 6Y 34x43 1195.6 | 23.4 6D IL Ic |p {7 F lva7 isu 
30] Dorris 6-80............... Own 4x5. |377 38/4 3D" \t) lop IMod= aim avon mien 
a1] “Dort 20-2540. .... 20. Fal TD8000 3x4 [198.6 | 23:4 16D |t lH Ir lred |p lyoe (St 
SoleiaPontie dee. 2 2) H-Sp 3igx5 |288.63 | 29.4 16D IL lH Ip lH Fr lvoe (ser 
SoleDuranttet oo. ft. eo ns 34x4¥6 1123/01 | 25.4 lap |r lH |p lFed veg eee 
asllear 6-60... Con 8R 344x444 [241.52 | 27.3 16D IL IH |P le poeaeaiees 
35) Hlgin K-1 Tour Coupe...) Fal 3x4 (195.6 | 23/4 l6D |r in lt |Sim lr fyi (St 
gin K-1 Scout........... a 4 2. 2 
Sneigin Kil Sedan & ee Fal igre 15:6 | 28a lon iE ie Ste (& |¥-16 (Ste 
SIGNING ea aide Own 3x5 |268.38 | 27:3 [6D IL lo |p ipa |e yas aa 
OX ee era hac ene ew wn 8 2 tr 
40) Franklin Series 10......... Own Pee ae aaa ae 1 H A aoe F i¥-18 Zen 
41\ GrantSix HX Own 344x414 (209:17 | 23.4 lop |r i@ [A lew: E |V-13.5/0wn 
42} Hanson Six66 ... 1.11)” Con 354x434 [241152 | 27.3 6D IL fa lp (ro? |F {V-17' [Str 
43| Ubticld 655.0200 H-Sp 334x5 [248.79 | 25/4 (8D | la [p [FOR |E |V-17 [Mar 
a4i Haynes 57........0 4.000 2| Own 3x5 |288.63 | 20.4 lor Ir ly |B IHO2 [FE IV-15. |str 
45| Haynes 77000002221) Own 3%x5 ze [321.52 | 3115 |e |x la lp (Hot |S, |V-1734| Ra 
AGES wena CS Mid. Spec 349x5_ |288.63 | 20:4 16D |T |G |p lreq |S |V-1734| Str 
Clotiolneaecaw kn Own 314x4% |245.34 | 294 |6D |T Fed |F |P-18" [Str 
48|) Hudsoneed ee. occ. ca. n 334x5. [288.63 | 29.4 6D |L le Ie lec:  |V-16 |Str 
49| Huffman (Six) R111 2 17! Con 8R 334x434 1241152 | 27:3 16D Iz EF jHer |S |v-19 JOwn 
SO dewett: Cameco tees ce wn 3x 248.79 | 25.4 |epD |r H |P |Liv F Str 
Sli Jordanthixcewn. Own 3%x4% 124470 | 26:3 lop |e |B [& |Nat  |F |v-i7 [str 
Soidordan Hwee cin sk Own 3¥6x4% {244/70 | 2673 |aD |r le |b |SP8& F |V-16 |Ser 
53| Kissel Cust. Built Tour.....| Own Svex5ig [283/34 ) 26.3 ler iL im jp |SP2 {F [V-16 [Str 
palaKasell(GGM., «cn Own 3¥¢x544 |265/25 | 26°3 lop |r |p |B [SP2  |E |v-18 [Str 
55| Kline Kar 6-60L...... 1. || Con 334x434 [242.52 | 27.3 ler Ir iE |S [Spa |F Str 
56) Kurtz Automatic.......... H-Sp 346x5 288.63 | 29/4 6D Be eeeed F /V-15 |Ra 
ie) CRIN ON), sooo ancsacccce. Own 3%x5u% [347/89 | 33'8 ler |r |@ |S (Spa |F fv-is [Til 
58| Lexington 23............., Ans D 314x444 |223.9 | 25'4 le Dp 1 (8 (8 |Eee |F |v-22 Ray 
59] Liberty 10D............., wn B4gx5 [232/41 | 23.4 lop |t, (2 iB [Her [F [v-17 Ray 
a Ee ce tens: Series 8..... Own 436x5\6 1524.83 48.6 oT 7 a _ A ze V-14 [Str 
CH arian Six ens Own TV 416x6 572.64 48.6 B&B 
G2 |PManmontcd siren oes eannn Own 8 f ieee, Ro ee ie (eyo) F |V-2 
63) Martin Wasp Fe Cees Con 6T 35xbi¢ 325.08 31.5 (6D L |a P REY ¥ G8 Sta! 
encenSeriesiouns sas ge 5 wn 33{x5 1331.32 | 33. 7 ; |¥-30 {Str 
65, Mitchell F 5-50......0 777 Own 3346x5288" 86D 1 1H IP iMcc ir St 
66| Mitohell F-7-50..1. 50.0777 Own 3igx5 loas'es | s074 (8 [EH IP |Her |r lvas lga™ 
62 Moon6-40,05..06...0 002% Bsa tone? | eo°4 (8D (L IH IP |Moa - tr 
6S Moon 6:55 .n ame seen cues, gert76 (295-8, | 28.4 16D IL IG [P {Pea r vig lee 
69] Nash 691 ch oamen eyarhes 241.52 | 27.3 6D iL IH IP Iwea (|p v.22 Str 
ROTO Oe re x 2 z t 
[334 [248.79 | 25.4 |6 1 [1 H |P Lng |F lv-16 |Mar 


SPECIFICATIONS OF PASSENGER CARS 1061 


ELECT 
EQUIPMENT TRANSMISSION OF POWER MISCELLANEOUS 
& 3 
a ae) a 
ee se | eae ee rele ys 5 bu 
u ie ey SL Ger nse) elle GBs) Gale ce 5 a 
g Se ieee ieee nel be | a oe Sah 2 So Ws 
eee ee |) eerste cl En) Se Say crt Mes a 5 
3 ) & © = = o oO | ie Qe lal ae | ae |e 2 n 2 3 
pee eee ee tS oe ceelen eh) Sovin | | el as Ie tee oo Ce” Caen Weeanaaes 
eee Se lea ee) oe lel eile ge | gee lel a |e |e sale 
Sue 4 Q SO Po) eo Pe ea) We lso We |e Bt dhe oss. jak |) nA | a 
9 0 11 1 16 


1JA-K j|AuL |AuL |W-Gr/P |W-Gr |U | 3 !Hrt |S /4.5 |T {Sal 34 L {116 Wd |32x4 Lav |Stw 
2\A-K |AuL |AuL |W-Gr/P |Ful Oi eseirrte siSe is T {Sal flo S |120 Wd |33x414 |Lav |Stw 
3|Bos Wet |Wst |B-Li |D |B-Li |U | 3 |T-H |S /4.55/B |Tim |Flo |S (|136 Wd |32x414 |Gem |Stw 
4|A-K |G&D |G&D |B&BI|P |B-Li |U | 3 |Hrt S (4.5 |S /|Sal Flo |S {127 Wd /33x4}4 |Lav |VS 
5|Rmy |Rmy |Rmy |B&B/P |Dur |U | 3 |T-H |S |4.5 |S {Sal % S |120 Op |33x4 Gem |Stw 
6|Wst | West Wst |B&B\P |Dur U |3jUM JS /|4.75|S /|Sal wy S |115 Wd |32x4 Gem |Stw 
7|;.Rmy |Rmy |Rmy |Rid |P |MM |U | 3 |\UD iS) jot ise /Col 7A af 1120 Wd |32x4 Lav |VS 
8\Rmy |Rmy |Rmy |B&B \P |W-Gr |U | 3 |UD S$ |4.6 |S |Col % S |122 Wd |32x4% |Ros |Stw 
9i\Rmy |Rmy |Rmy |B&B |P pas e 3 ea 2 4.6 |S cer 2 . al wid eux ae ove 
10] Del Dek « hace ter B&B |D - anal) to) x ao w 
11/Del Del Del B&B |D |Det U | 3 JSpi S |4.67)S |Col 34 Sr w2t Wd |32x4 Gem |Stw. 
12)/Wst |Wst |Wst |Mun |D |Mun |U | 3 [Spi 8S |4.5 |S |Sal A S 126 Wd |33x444 |Lav |Stw 
13|Del |Del |Del Own |D [Own |U | 3 [Own |S |474 (T JOwn |Flo |L [118 [Wd [32x4°° |Own |Stw 
14|Del Del Del Own |D |Own : 3 Su : 4.7 4 ore oe a ae vd By OMe ate 
De Del Del Own |D |Own 3 |Sne 5 fo) 4 x ac w 
ie Dal Del Del Own |D |Own |U |} 3 |Arv S |4.45/T |Col 34 S {129 Wd |34x4l4 |Jac |Stw 
17/AuL |AuL |AuL j|Ful |D /Ful U |3jMM |S [5.1 |S |Own |% fs} |faile/ D = |32x4 Gem |Stw 
1g|/AuL |AuL |AuL |Ful |D /Ful U |3|MM |S [5.1/8 |Own |% S 122 D_ |32x4 Gem |Stw 
19|Bos Bos Bos@e =. ee. Pa Own Lees: Shale Q nes 3 als i . oy Bag aes Papeete bd 
B Bos B&B |D |Own |U | 3 |M d wo x Ww 
ot Bos Wat Wat B&B !ID |B-Li |U 3 He A eieen aon 2 2 Hs We eerie one Ne 
- AuL |B&B|P |Dur U pi 4 im 4 x em w 
& a aL AuL |B&B'P |Dur |U | 3 re 2 6,1 2 oe yy 5 ae Mea ew Cem ele 
Wa B&B |P |Mun |U | 3 |Acm 20.0 er oooges x em Ww 
35 ys wor Wat B&B |P |Mun |U | 3|Nor |S [5.1 |S |Col 4 Sa LLS d |32x4 Lav |Stw 
26|Bos Wet |Wst /|B-Li|D |B-Li |U | 4 |Spi 2 5 2 : pe Le . 138 DB ee Tay he 
Ww B-Li |D |B-Li !U | 4 |Spi 4, im to) x av Ww 
38 Be Dat Del B&B |D |War |U | 3 |M&E |S [6.1 |S |Tim 3 S {120 Op |32x414 |War |Stw 
29|Del Del Del B&B |D |War |U+| 3 |M&E |8 [6.1 |S |Tim 4 8 {115 31x4 CAS |Stw 
30| Bos Wst |Wst |Own |D |W-Gr |U | 3 |Spi S |4.23)S |Tim |% S |132 Wd |33x5 Ros |V8S 
31\Bos |Bos |Bos |Dtl |D |Own |U | 3 |MM z aie at 4 5 ais Opt en Gers oe 
“Li |D |B-Li |U | 3 |Spi ; ) ° x ac Ww 
33 hat hee ie Out D |War |A | 3 Spi S |5.11/T |Tim |% |S [12334 |Wd |82x4}4 |War |Stw 
34\Del |Del |Del |B&B\P |War |U | 3 |Spi_ |S |4.75)8 Sal |% |S 8 |Wd |32x4 |Gem |Stw 
35|Wag |Wet |Wst (B&B |P [MM |U | 3 MM & jets loo |e |c iis |b. [ard |cas \vs 
n |U 3 |UP 5 fo) A, x 
3 wae Wat Wat BEB P ee 1) eh ope S |5.09/S |Col % L {118 Wd |33x4 CAS |VS 
Be ere ie [eRe Base fae |e i Ut (Satis Wer 
SE idee ie. cltteooaats wn Bala loet fae = Z f : fc om 
Bisel [Wet [Wet [BUA IP lows lU | 3 \spi |S (4.73/8 lOwn [3 |F |115 [We [324 Own |Wtm 
41\A-K |Bij  |Bij |B&B|D |Dur |U | 3 |Spi |S [4.6 |S [Col 4 8 |116 |Op |32x4 |Jac |Stw 
42|Del Del |Del |B&B|D [Det |U | 3 |UP P aoae Aue xe S ut aa er Gem ae 
Tein Spt 4, oO CC) p x em Ww 
43/Bos |Bos [Bos BSP iD lown |U|3 (UD |S [4:18 |Own (36 |S |121 Opt |32x434 |Jac [A.C 
44)Kng LN |iN lows (D lown [U |3jUD [8 4:6 |S lOwn [3 |S |132 |Opt |33x5°° [Jac [A.C 
46\Der |Del |Del |B-Li |D |B-Li |U | 3 |Spi |S (4.64/T |Own 3 «|S. (|126 r |32x4¥4 |Gem |Stw 
a7lKie (Dyn |Dyn |B-Li|D |B-Li |U | 3 [Pet |S |4.9 |S |Tim [3g |F |126 [Wd |34x434 |Gem |VS 
a His De? BacuelOwn (DelOwnl al S ispi S |4.45/3 |Own 4 S /126 Wd |34x444 |Gem |Stw 
ae Dyn |Dyn |B&B/P |Cvt |U | 3 |Fix S |4.5 |S |Sal Flo |S {120 Wd |32x4 Dit |Stw 
Fr AK ‘Ron Rmy |Lng |P |War |U | 3|MM |S (|4.45/S |Tim | S |112 Wd [31x4 Gem |Stw 
gilbal [Del Det’ |Bet (D Der JU | SUR OB eae tim is IS [tates [wd [seta (Sm [atm 
Det |D |Det |U ; im ) x44 |Gem |Stw 
ee Del ele oe War |D {War |U | 3 |UD B jOpt |S jOwn Flo Ss 4 Wr |32x414 \Jac |Stw 
aR Rmy |B&B|...|W-Gr |U | 3 |Spi_ |B |4.66/S |Tim ‘6 S |121 |Wd |32x4° |Jac |Stw 
pave Was |B&B|P |G-L |U |3|T-H |S [4.75/38 |StP |5g [84 [121 |Wd [3x4 |Wol |Stw 
| =n Own |U wo ‘ im C) x4144 |Gem |Wtm 
57/Del_ Del [Del REID lwiar |U | 3 (Sue [8 |s-10[8 Sal [% |S |123 |wa |32n412 GAS |Stw 
58|/Con Wa B&B IP |Det U | 3 Spi S {4.8 |S |Tim a Se 7 Opt |32x4 Gem |Stw 
59|Wag uh Wee Own |D |Own |A | 4 |Own |S [3.8 |T |Own o |8 |142 |Wd |35x5 {Own |Stw 
60 Del Roe West |M&E|P |B-Li |A | 3 |Pet |S |3.65S /Tim |Flo |S |140 /Op |33x5_— |Gem |Stw 
G1|Wst Wet Wet |Mva (D jOwn {A | 3 [Spi |S [4.1 |T [Own [34 . [0 [136 [Wa [82x44 |Own |VB 
62/Del De : Mi wi IA |4(Sne (|S (|4.25lT |Bat |34. |S |144 |wr |33x5-- (Gem |Stw 
B Bos Babi Baie 
63/ Bos Pa rn Own |U | 4 {Spi S |3.77|8 jOwn {8 S {132 Opt |32x444 Gem |Wtm 
E Wst |Wst [Own |D 4 
64/Eis or Rmy |B&B|D |Own A | 3 /Own |S /|4.41/S |Own o |C {120 Wd |32x4 ‘Own |8tw 
bony R y Rmy |B&B|D |Own |A | 3 |Own |S |4.41 S jOwn |Flo |C 1/127 32x44 |Own |Stw 
66\Rmy |Rmy [Ruy |PeB lp lwcr |U | 3 \Spi |S [5.1 |S [Tim [34 |S |115 [Wd /31x4” |Gem [Btw 
67|Del |Del [Der pap P |B-Li |U | 3 |Spi_ |S [5.1 |S [Tim [5g |S |128 [Wa |32434 |Gem |Stw 
a Rel Del Del |B&BIP |Own |U | 3 jOwn |S [4.5 |S jOwn [44 S |121 Wd |33x4 |Gem |Stw 
i 
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g 3 Qe 8 ra) 
Model Number ° £8, 168 ./4a| 2 3 
B ) S95 | ate] & se] a 
and al g Me lO .2| 2 (ays | a ty 
re Trade Name Engine Make a Slee OA} a] ‘3 78 | 32 3 
E and Model § ef |ogiess/<|/ 8/5} 28 | 8/88 | § 
a o en 78 1easlo}] 3 s 7 Eye eet 
g BRA | te cele | al el) S Neiess ts 
a2) & i 
_ ea a ame NS Silos! @ hare 6) 
Columa Nambers, Key of Abbreviations 1 234 SIG? 8 
6 Cylinder Gasoline Passenger Cars— Continued 
70| National 6-31............. Own 2%x4% |175.25 | 19.8 |6D |L |G |T |....... F |V-12 |Own 
71| National 6-51............. Con 3l4x44 |259.76 | 29.4 |6D JL |.../P |....... F Str 
72| National 6-71............. Own 344x5\ |303.06 | 29.4 |6D |I |C |P |Fed F |V-20 |Ray 
@3iPINomarA, Dy Cice cee. eee Con 344x444 /123.91 | 25.4 |6D |L |H |P |Liv F |V-20 |Cla 
74| Oakland 6-44............% Own 2%§x4% |177.04 | 18.9 |6D |I |C |P |Har F |V-1234|Mar 
75| Packard Single Six....,... -| Own 3 34x5 268.35 | 27.3 |6D |L |C |P |Fed F |V-20 |Own 
76| Paige 6-70... csviseeswses Con 9A 334x5 331-729 | 33.8 |6D |L /H |P |Nat F |V-21.6)Ray 
77| Paterson 23-6-52.. te Con 334x414 1241.6 27.3 |6D |L /JH |P /Lon F Str 
78) Pierce Arrow 33........ -.-| Own 4 x5\% |414.68 | 38.4 |6D |T |H |P |Fed F P-26 Own 
TOE OCIGH-45, i Sieve cic g cisco wie T-H 344x5 232.41 | 23.4 |6D |L |H |P |Jms F /V-15 /Til 
SOW PiloviG-50..6 41.6 cose cise H-Sp 344x514 |248.87 |. 25.8356D |L |H |P |Jms B |V-20 {Til 
SUIPPIUOG C56. me cy oe ale oe-n se H-Sp 314x5 288.63 | 29.396 D |L |H |P |Jms B |V-20 |Til 
82) Premier 6D.......... +-.-.| Own6D 344x5 295.19 | 27.3 |6D |I |H |P |McC F |V-22 |Str 
83| Premocar 6-40A......... .-| Fal-S 3yx4¥¢ 1195.6 23.4 |6D |I |JH |T |Own F Str 
84) Reo T6,7p..........- ..-| Own 3x5 239.39 | 24.3 |6D |D |H |P |Own F |V-17%4|Ray 
85| Rickenbacker. ... ANS bccwislore's Own 34%x43{ |220.79 | 23.4 |6D |L |C |P |Fed F -21 |8tr 
86] Roamer 6-54-E............ Con 344x5\q |293.06 | 29.4_/6I1 Ee |G Pale: a ease F |V-20 (|Str 
87| Rolls-Royce.. ON cea Own 444143 1453.26 | 48.6 |3I |L |/H |P |Own F |P-21 |Own 
88} R& V Kni bel AL] Own 344x444 |259.76 | 29.4 |6D |S |C |T |Fed F /|V-18 |Str 
89| Sayers Fix D. P............ ConR 3 4x4 241.6 27.3 16D |L |H |P |Fed F |V-14 (|8tr 
90| Stephens Six Riedel 20. Picnic Own 3x4 123.91 | 25.4 |6D |I |H |T |Fed F |V-19 j|Str 
91] Stearns-Knight............ Own 3 34x5 268.35 | 27.3 |6D |S |C |P |Fed B |V-24 |Ray 
92| Stephens Six Model 10 ....| Own 344 x4 |303.06 | 25.4 |6D |I |H |T |Fed F /|V-19 |Str 
93) Sterling B.......... .| H-Sp 84 x5 248.79 | 25.4 |6D |L |JH |T |G&O 8S |V-12 |Zen 
94) Stevens Duryea E. .| Own 473x534 |510.02 | 47.3 |2I |L |H |P |G&O IF |V-25 |Str 
95| Studebaker EL... Own 344x5 288.63 | 29.4 |6D |L |H IP |McC F /|V-17 |Str 
96} Studebaker EK.. Own 314x5 353.40 | 36.2 |6D IL |H |P |McC IF |V-17 |B&B 
97| Studebaker EM Own 344x444 1209.17 | 23.4 |6D |L IC JP |McC F /V-15 (Str 
98] Stutz 6....... .| Own 690 3 %x5 268.35 | 27.3 |6D |I |C |P |Fed F /V-18 |Str 
99) Velie 58...;... ...| Own V. 8. 3 ext 4 203.49 | 24.3 |6D |I |H |T |Jms F /V-17 |Str 
100} Washington, C.,........... Con 8R 3 34x4 241.6 27.3 16D |L /H |P |Fed F /|V-18 |Zen 
. 101) Westcott 44............... Con 8R 3 34x4 241.6 27.3 |6D |L /H |P |Jms F |V-15 |Ray 
102 Westcott ES FFs a Lon core ++| Con 12X 346x544 1303.06 | 29.4 [61 L /H |P |Fed F |V-18 |Ray 
103] Winton 40.........00. 500 Own 40 33Zx54¢ 347.85 | 33.8 |2D |L |C |P |G&O F |V-24 |Ray 


2 Ee SE eee eee Eber le 
8 Cylinder Gasoline Passenger Cars 


1| Apperson 8 Own 34¢x5 331.8 
Gof. ROLE CH ott ; 33.8 |4D |L (H |T ~! 
Zi 'Cadillac6lincs snean. «cea Own aan 314.43 | 31.2 |4D |L |C |P poe r poe ae 
Sit COole800.. i di... e ee vcraretr Nor 311 344x4}4 |346.36 | 39.2 14D |L |S |P |lFed F |V-20 |Jon 
4) Cunningham.............. Own 334x5 - 1441.76 | 45 4D |L |H |P |IG&oO '|F Str 
5} Daniels 8D............... Own D 19A 344x5 404.08 | 39.2 4D |L |H |P |G&O |F |p-a1 Zen 
6)" Daniels 8SDisiicccb bcs sec ore Own D19A 33gxh¥ 404.08 | 39.2 |4D |L IH |P |G&o F en 
7 eee tes EMC OUNCM Ran he Own 2%%x5 259.64 | 26.4 |8D |I |V |P |Nat F |V-22 (Str 
5 fine us Bes Aco SACOM eo ae : 28 282.72 ao ae u S T |Fed F |V-18 |B&B 
DEO OCIAO ie ener avetee P T 
10 La Fayette Sites Shes. « leh Own 134 34x54 848.39 83.8 4D |L |G |p ee r P-20 tate 
sdatetValaies stele wr acaatetens x ; ‘ L |C |P -' 
Hl olde Gre fash ASS SEER IE Ee \Gem iP eae leap 
Prt ee ode x : : 
pepe pa evi stanete aks rr oase ay 84 | 36.46/8 D L I p Rodi y vent ee 
16) Standard Radel 08.;<°.°"] Own aigxs [sais | 33:3 lat |e in [p Aft, |B |¥20 [B&B 
17! Wille Sainte Claire A-68. . Own 384 x4 265.44 | 33.8 l4I~-1I |v |r Ovn F V-18 Zen 


12 Cylinder Gasoline Passenger Cars 


3 


x5 [424.39 | 43.2 16D |L |C IP |Fed F |P-20 |Own 
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Sone te TRANSMISSION OF POWER 


MISCELLANEOUS 


o 
i=] ~~ n te 
be (3) fe} 3 ra os a 
2 id 3 ra o| 8 A m 4 
» 3 Q, a 5 i) fo) 3 14 
5 $s e) Ss ape) solel adept ot) : 5 | 3 
a A 2 am | | L i A a A a |a| oe |% @ We iS ia 0 | 
Ales |e toe | sie lleepelsl 8 Oe te | arte tt eee oe e| 3 
© cl a 3 cS H H | o Bo Wr | ee ce wom |e ® ® 2 re ® 
eee eee | eee | 8 | Sy eiena a | sleet set ger ete ee) Pe silat 
shi] 5 ca GMS Se We yea, Sy sey ey | ce jal fs je n | on 
9 10 iil 1281S AwelS 16 17 18 19° 20 21 22 23 24 
6 Cylinder Gasoline Passenger Cars—Continued 
7O|\AuL |AuL |AuL |B&B|D |Own |U | 3 |UP iS) |S |Own |34 S |112 Wd |31x4 AE al loc 
71|AuL |AuL |AuL |B&B|D |Cvt |U | 3]......]...].... S |Tim |% S 121 Wid. 3254) illiniecersl vere 
72|Del Wst |Wst |B&B |D |B-Li |U | 3 |jUP S |4.08/T |Col lo |S |130 Wd |32x44 |War |Stw 
73| Del Del Del B&B |P {Det |U | 3 |Spi S |4.45)S |Tim |% s |128 Wr |33x5 Lav |Stw 
74\Rmy |Rmy |Rmy |Own |C |Mun |U | 31MM |S [4.7 |S |GMC {3% Ss {115 Wd |31x4 Jac |Stw 
75| Del A-K -K |Own |D |Own |U | 3 [Spi S |4.6 |B |Own |3% S |Opt Wd |33x4% |Own |Wtm 
76|A-K |Rmy |Rmy |Lng |P |W-Gr |U |3/|MM |S /4.6/S |Tim |%4 S {131 Wd |33x444 |Gem |Stw 
77| Del Del Del B&B |D |Dur |U | 3 |Hrt B 425 |... (Ste Flo |S 1/120 Wd |32x414 |Jac |Stw 
78) Del Del Del Own |D |Own |A | 38 [Spi S |4:28|B |Own [% S |138 Wd |33x5 Own |Wtm 
79| Del Del Del B&B /|D |Mun |U | 3 |Hrt S |4.45|/S |Spk [Flo |L |120 Wd |32x4 Dit |Stw 
80|Con ‘| Bij Bij B&B |D |Mun |U |} 3 |Hrt S |4.67|\8 |Col 34 S {126 Wd |32x4%% |Dit |Stw 
81;\Wag |Wag |Wag |Hoo |D |Mun |U | 8 |Bld S |4,.67|S |Col 34 S 126 Wd |32x444 |Ros |Stw 
82|Del Del Del B&B IP |Own |U |} 3 [Spi 8S 4.58/58 |Tim |% S |1268% |Wd |Opt Own |War 
83|Bos Bos Bos B&B |D |MM |U | 32 {Spi 8 (4.668 |Tim {4% toy Mi lalate/ Wd |32x4 Dit |Stw 
34|NoE |NoE |NoE |Own |D |Own |A | 3 |Own |S [4.7 |S |Own |} S |120 D_ |33x4¥4y |Own |NoE 
85|Bos |Bos |Bos |jQwn |D |Own |U | 3|MM j]8 {4.6 |S |Own |Flo |S |117 |Opt |32x4 (Gem |Stw 
86|Spl West |Wst |B&B|D |G-L |U | 3 /T-H |S /|4.45|S |Tim |% L {128 Wr |32x4%% |Jac |Stw 
87|\0wn |Own |Own |jOwn |C jOwn |A | 4 jOwn |S [3.25)/T |Own |Flo |L {14334 |Wr |33x5  |Own |Wtm 
88\AuL |AuL: |AuL /|B-Li |P |B-Li |U | 3 |Spi S |5.4 |8 |Tim |% 8 24 Wd |82x4¥4 |Jac |Stw 
89/Del /|Del Del |B&B|D |G-L |U | 3 /Arv |S [4.758 |StP |% S |118 Wd |33x4 Lav |Stw 
90| Del Del Del B&B ID |MM |U |3|MM JS [5.3 |S |Tim |[% S |124 Wd |33x4% |Gem |Stw 
91|A-K |Wet |Wst |Own |D |Cwn |U |} 3|...:.. 8 |4.9:|S |Own |4 C 130 (84x44 é 
92| Del Del Del |B&B|D |MM |U |3/|MM |S ([4.91/8 |Tim a sy plated Wd |32x4 Gem |Stw 
93) Wet Wet Wat F407 pos Sasa U Biiloeoand oie esa ...|Per lo |S 1/116 eI SSX4NG) |) cle caliente 
94/Ber |Wat |Wst jOwn |D |Own |U | 3 jOwn |S [3.9 |S jOwn |Flo a 138 |Wd |35x5 |Own |Wtm 
95|Rmy |and Wag {Own |P |Own |A | 3 [Spi S /4.33)/5 |Own 9 119 Wd |32x4 Own |VS 
96)Rmy |and |Wag |Own |P |Own |A | 3 [Spi S |3.7 |S |Own S |126 |Wd |33x43%% |Own |VS 
97|\Rmy |and Wag |Own |P [Own |A | 3 |T-H |S [4.55/S |Own 3 Sey Wd |31x4 Own |Stw 
98)/Rm Rmy |Rmy |B&B|P |W-Gr |U | 3 |MM |S /|4.66/S |Tim |% Aell2o 32x4 Gem |Stw 
99) A- Wst |Wst |Doo |jP |Dur |U | 3 |UD 8 {5.1 |S |Own |% Ss {118 Wd |32x4 Gem |Stw 
100/Del Del Del &B/P |War |U | 3 |Bld 8S |4.67\S |Col yi L {119 Wd |32x4 Ros |Stw 
101/Del |Del [Del |B&B|P |wW-Gr |U | 3 |Pet |S [5:09/8 [Col |34 |S |120 |Wd |32x434 |Gem |Stw 
102| Del Del Del B&B |P |B-Li |U | 3 |Pet 8 |4,45)8 |Tim 2 S 125 Wd |32x4 Gem |VS 
103|Del Del Del War |D |War |U | 2 [Cli S /4.6 |S: |Tim ,, 8S |132 Wd |33x5 Own |Stw 


8 Cylinder Gasoline Passenger Cars 


ij Bi Own [P |Own |A | 3 |UD |8 [4.25/85 |Own |8 3% 1130 Wd |34x44% |Own |VS 
abel” Da Del wn |D |Own |U | 8 {Spi Opt |S |Own fo P {132 Wd |33x5 ‘|Own |VS 
3] Del Del Del Nor |D |Nor |U |} 3 |Spi 8 |4.7 |S |Col Flo |S |12734 |Wd |33x5 Gem |Stw 
4|Del Det /|Del wn |D |Own |U | 4 |Sne |S [4.23/38 |Tim |Flo [34 |142 Opt |33x5 Gem |Wtm 
5\Del {Del |Del |Own |D |Own |U | 3 |Spi 8 /|4.08)8 |Tim |Flo |S |132 Wd |33x5 |Gem |Wtm 
6) Del Del Del Own |D |Own |U | 3 {Spi S |4.08/S |Tim |Flo |S {138 Wd |33x5 Gem |Wtm 
7| Del Del Del Own |D [Own |U | 3 |Cli 8 |4.45/T |Own 8S /134 Wr |33x5 Lav |Stw 
slA-K |Wst |Wst |Det |P |Own |U | 3 |T-H {8 [4.88/T |Col o |L /120 Opt |82x4}4 |Jac |VS 
9\Del |Del |Del |Own |D |Own |U | 3 |Own |S Opt |T |Own |Flo |S /|132 d |33x5 |Own |Wtm 
10} Del Del Del Own |P |Own |U | 3 [Own |S |4.58/T |Own |Flo |S {132 Wd |.......;Own |Wtm 
11/Del Del Del Own |D |Own |U | 3 |Spi S |4.58/T |Tim |Flo |S {136 Wd |33x5 Own |Wtm 
12|Del Del Del Own |C |M-P |U | 3 {Spi 8S |4.92/8 |Mot |Flo |S {122 Wd |33x4}4 |Jac |Stw 
13) Del Del Del B&B ID |M-P |U | 3 |Own {8 [5.1 |B |Own if 8S |115 Wd |32x4 Jac |Stw 
14/Del {Dyn |Dyn [Own |D |Own |U | 3 Spi [8 4.7 |B |Own S |136 33x5 |Own |Wtm 
15) Del Del Del Own |D |Own |C | 3 |Spi S |4.90/T |Tim rl 8S {128 Wd /33x5 Gem |Wtm 
16|Sp) wet |Wst |B&B|D |G-L |U | 3 |Arv |S 4.46/58 |Own o |8 /127 Wd |34x4}4 |Own |Stw 
17 Del Del Del JOwn |D |Own |U | 3 |Own |S /4.9 |B |Own |} 8 |121 D |R2x434 |Own |Wtm 


12 Cylinder Gasoline Passenger Cars 
ee ee ee an TT a TL Ct kaall Coleen 1 En Gh ela 
Own |D |Own |U | 3 [Spi 4.36/1B |Own | 8 /136 Wd |35x5 Own |Wtm 


1064 DYKE’S INSTRUCTION No. 838 


SPECIFICATIONS OF ELECTRICAL EQUIPMENT OF 1922 PASSENGER CARS 


Pages 1064 and 1065 give the make of ignition system; gap hour capacity. 
to set contact-breaker points; position to set spark lever when Pages 1066 and 1067 give the voltage of the electric system; 
timing ignition; spark-plug thread; make of generator; charging wiring; fuse capacity; lamp bulb candle power; diameter of 
rate; make of starting motor; make of battery, and ampere- headlight lens. (From Motor Age.) 


—____ 


IGNITION GENERATOR 


MAKE AND MODEL System 


Ambassador.........- RiClosed. . 
American..........- oS Recmanrritng 
Anderson. . . Ser. 40) Single*... 5 
Apperson Bight. Seaeme nate Single**... 
Auburn Beauty Six, ven Open..... 


Case X/Single**... 
Chalmers. . , .85-C]/Closed.... 
Chalmers.......... 35-C 


Champion, Tourist... . .|. 
Champion, Special..... . se 
Chandler, Six...... find nan oneored 
Chevrolet.........- 
Chevrolet..........- FB 
Cleveland........-.. 


Dorris ee eeei ic. 6-80 


Falcon Light Four 
Falcon Six....... 2 rapier 


Hanson..... sot digit!) benpemensaielan 
Hatfield,.......... A-42/Single*... . 
Haynes 75 Single**. . 


55 
F B12) Ot lanl econ 
Hudson, Super-Six oe Single**.. .|B 
Hupmobile.,....:.... RiClosed. ... 


ADBREVIATIONS: Ignition: *Open **Closed At-K, At mnecticu ‘est, Westi ; 
Automatic; S. A. Semi-Automatic; Generator; <A-L., * AutorLite; The ean Ua Bi 
H ; iS ite; ¢ & D., Gr & } Leece- tee Ouse + Naw East; Auto ARERR Hi. 
‘ay & Davis; fs ce Neville; NE North East; Split, Splitd te We 
’ » Split orf; Mase: WA. - 
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IGNITION GENERATOR 


Seer p Saas i po Sameer gp Ris I ae 
eas Jouble... AB Stich Fae : Test. ae fest......|Exide..... 120 


Locomobile. 


ado d 1 
6-48|Single®.,.. . : 5 i 
é ast 4 Genet) 12-25) 0 |Delcoi...|xide s.r... 110 
Single*... .. ; oe porte Go = A i 
: elo... a viet | DEO cals e cide. .... 130 


125 

90 

90° 

80 

. Pp eh 

Oldsmobile Semeeee Oa 43A Single. . » 

Oldsmobile... .. ...46 Double. ... 80 

Oldsmobile... .- ...47/Double.... Sieiate . 80 

Overland ie ,.j.:/55.6 ons 4|Single..... : 2 aa| me - oohog Be odor A. e oem : 

Packard Single Six...... Single..... ‘ eg 8 S04 oe (9-10 |ataK) "2 [|Willard.. 2.) 100” 

Packard Twin Bix... ingle..... Uicaan oes ijur. ve ijur.... ‘| 120 

6-44 i --| 118 


.|Willard... . 
Willard... . 


MROV ETP volte izes = 2 es sister 


Roamer.... « 
Roamer... 
Rock Falls. . 
Rolls-Royce. . 
Romer. oo c- ec cne- A 
Saxon...... -,..1.125-G|Single**. 
Sayres Six.. .-..+----- 

Seneca sn cies.cic ators 


Stanwood.........- 
Stearns-Knight. . 
Stephens 
Stevens-Duryea. 
Studebaker Light : 
Studebaker Special: Six]. 

Studebaker Big Bea ateyehs | Sterelearelews pele 


é Prest-O-L .|.. 
-|Prest-O-L . 


Westcott......- ‘,.,C-48}Single..... neal +. P| hehe Oris | oleeres) ais An oabonoce A Boaede so 
Wills Sainte Claire ts 68|Double®. hated peboo aes Ponaes .0.Go| aon DPOU oso evel alse i Scat ©4p 
Willys-Knight. Single.....]Conn.....JHand.....}---.-.--}.+-+- BCR AIO UOTE MOP TIGROOTD Gnneor Ob jadaccr dal dr casero 
Winther Six. : pes soy EL . oo | 1 ilard....) 115 
Winton Six... 022/251: DA eames Woicetn draco aoanbo TOS sicd ugoconDogd poarcDod 


Igniti *0; **Closed At-K, Bowater ent: Conn., Connecticut; West, Westinghouse; N. E., North East; Auto, A tomatic; H:. & A., Hi 
LE EACH OSE DS BA AE Ci ae pt oY D. Gray & Davis; Leece-N., Leece-Neville; N.'E., North Bast; Split, Splitdort; Motor! mae 


Automatic; S. A., Semi-Automatic; Generator: A-L., “Auto-Lite; G 
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SSS 
HeEap- Siwz- TaiL- DasH- | Are Dash | Diameter 
LIGHTS LIGHTS LIGHTS LIGHTS & Tail of Head . 
paeein -| Tights | Light: | MAKE AND MODEL 


in Series Lens 


Q 
ac) 
Q 
0 
a 
A) 


Singles gel we 50) | ae ae 27 ne. ae 

Sel & Dbl. ; 15 4 2 2 tt Nora 4 Qi American: eee oe ae 
Sgl.&Dbl..} 21 2 2 2) a4. Nose saea: 

Sal @- bias ee Sen ee 2 DW No- = eshte 

Sgl.&Dbl.!} 20 4 2 2, | Bee 


2 2 
2 2 
2 2 
2 2 Buick, Six..... 22-44-47 
: ae 2 2 i Buick, Six... ,.2248-50 
UGCA Srl Hani Dred WA Geeces VIGO in ee iyccd sw ang Cadillag, . oc 5 otsqene ss 61 
ae 2 2 Beal Noe, ceek Casete co ee oe xs 


Sgl.&Dbl.. 
Sel.&Dbl.. 
Sgl.&Dbl.. 
Sgl.&Dbl.. 


Sgl.& Dbl... 
,|Sel-&Dbl... 


\Crow-Elkhart...... 8 


i Daniels eine ge eeL eye D-19 


ONT Shs sie gs caren 
Dort. Soo ee 1 
Diggs... 523 oo8 1922 
Duesenberg, Straight. .8 
MSPonte gens ee A 


ley-Knight 


Hand 
bee 


NWNNnwDy 
NNNND 


Nwrw 


; Sheeran erences earn gocfere soo 
15 |Sgl&Dbl..| 21 2 
8 5 |Sgh.&Db1.| 3 2 ie 
ee SH cele teat Castes YARD Neen Gone ill moe 


FE, DE CIO Ie 


= 


i i Leece-N., Leece-Neville; West Westinghouse; Sim-A, i ; = = 
tion combined: G. I, Af, WH a; Sim-A--L., Simms & Auto-Lite; Battery: Prest-O-L., Prest-O-Lite; Wiri : 
Dol. ‘Bingle & Double” Af" Generator, lgnition & Motor combined: 8. GeneratorMotor lenition Separate: G. M. Generator de Motor eee ee 


[concluded on next page 


SPECIFICATIONS OF ELECTRICAL EQUIPMENT 


concluded from page 1066] 


1067 


Wiring Units — 
System | Combined 


6 CF ad Pom neae 
6 Oe te oe et cee 1 he ol me oe memo. aaa. 
8 ee er ee | ee Re ee Leeeaen ns Rarer, 
(ifs Soe Wl leer ies. cre We ae 
6 
6 
6 
6 
6 
6 
6 
6 
6 
CRM ecco ee 
Ge beste. aa 
6 1 
6 1 
6 1 
6 1 
6 1 
6 1 
6 1 
6 y 
6 + 
6 1 Packard Single Six...... 
6 1 Packard Twin Six...... 
6 I Paige: tes<ncamenes 6-44 
6 Ml Paige ck asarmeameys oe 6-66 
meee oe e 1 Pan American..,...6-55 
2 Parentivisecenase aac 1922 
6 1 Paterson........ 22-6-52 
6 1 Peerless, 56....... Ser. 7 
Be Bremer cistee ss mika tele oe DeeEriCal sccm cilia yaea Seah boom sea Piedmont: ...25.5++« 4-30 
6 iedmont.....s+..> 640 
CR ee len Soe en se emer Singles ile eet WSS ee MS le do ee Bowel ace a ae Pierce Arrow......... 33 
CO a Te ey lect Svcs nets Bae sl Peat is en! te = es el ence anne IO Sasicditrs acucsiceeh | memegtenten eleesreaes cere Pilotcaercanceen . 6-50 
12 é -46 
6 Premier. . 6-D 
se etee yee LoD) | | MRS CMMI |S cect ote tese|| (oeees eee Mery eects anche atcvata | tsoaies scB vary. bbe [lovaue acmtes esa tic | a dcstereracats ave Ys ete cnee ett | Repco Na IRM oe Premocar. - 6-40 
6 piRaleighw . sesecrace A6-60 
Rebs ettas eee eae A PALEY og = UUETN aN of AI RW Rs Vata a aia PBs ina) onc PecencCwr ETE | hoes ss Sous Ak IG'e | apelte-aretera a/Ftalllocdbe@ieyarduave a Malivars ices iste aux carsill oa cio ciee Ranger..........A-22-4 
: ar Barat | Cases tal inkegs a | ec pst Me cea | Mtoe ake | ne toric tet av aictak es Mares Vammace: oleae late eco 2 fotmcwvec vail Nisuntocnetane sell eee ere tev tee are Ranger... cess A-22-6 
OR ee ee See | CO Meme ODD, Wee Okan lane we lee te PA sulNony. col) a0lse IRE Vaicniph tee 
OR ee Sore ns ome MSingiencc 1a rhe | 218) Boe {P Boe mING eet 4 1b O37 oR eoseet omen 
6 
6 
6 
12 
(4 
8 
6 
6 
6 
6 
Yr 
6 
‘6 
.|Studebaker Special Six. 
S| area Area Studebaker Big Six..... 
914 
95% 
834 
Releallsiatarns eat Willys-Knight........20 
84% |Winther Six......... 61 
Winton Six. 74. 0.05. 25 


( - — 
Auto- Lite; G. & D., Gray & Davis; Leece-N., Leece-Neville; West, Westinghouse; Sim-A.-L., Simms & Auto-Lite; Battery: Prest-O-L., Prest-O-Lite; Wiring system: 


G. I, Generator & Ignition combined; G. I, M., Generator, Ignition & Motor combined; S., Generator, Motor Ignition Separate; G. M., Generator & 
Contact; Sol, & Dbl. Single & Double. 


Motor combined; Base 
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SPECIFICATIONS OF THE ROLLS-ROYCE CAR? 


Engine: 6-cylinder; cast in two blocks of 3 cylinders each. 
Bore: 414”. 

Stroke: 434’. 

Carburetor: Special Rolls-Royce design and make. 
Engine H.P.: 48.6 (N.A.C.C. Rating); Max. 80. 
Max. torque at 1,300 revs. 

Engine r.p.m.: 200-2,750. 

Total length of frame: 17834’’. 

Total width of frame: 30” front; 36” rear. 
Wheelbase: 14314’. 

Wheel track: 56’. 

Size of tires: 33’’ x 5’’. 

Ground clearance: 121;’’. 

Gear ratio—rear axle: 3.25 to 1. 

Gear box: 4 speeds ahead and 1 reverse. 


Gear-box ratio: 3.25-1; top, 1-3.25; third, 1-4.83; 
1-7.23; first, 1-11.06. 


Type of steering: Worm and nut. 
Turning radius: 23.8’ left—25’ right. 


second, 


Chassis speed: 4 to 80 miles per hour on direct gear. 

Chassis weight: 3,200 pounds. 

Lubricating system: Pressure. 

Fuel feed: Pressure. 

Gas consumption: 11 to 13 miles per gallon (U.S.) 

Oil consumption: 1 gallon per 1,000 miles. 

Capacity of gas tank: 21 gallons. 

Capacity of crank case: 6 quarts. 

12-volt starting and lighting system. 

Ignition system: Twosystems: magneto and battery; may be 
used separately or together. 


Water system: Centrifugal pump; recording thermometer on 
dash board. 


Rear axle: Full floating type; Gleason spiral bevel. 

Clutch: Cone type, cotton fabric lined. 

Brakes: Both internal expanding on rear wheels. 

Ferodo lined foot brake: 17’’ diameter. 

Hand brake: 12’ diameter. 

Springs: Front,semi-elliptic; solid eye top plate; rear, cantilever, 


SPECIFICATIONS FOR DUESENBERG STRAIGHT EIGHT AUTOMOBILE? 


Engine: Eight cylinders in a row; bore 274’; stroke 5’; dis- 
placement 260 cu. in.; developing from 90 to 100 h.p.; speed 
3 to 90 m.p.h. 

Cylinder block: Gray iron; the upper half of the crank case 
and cylinder block are cast im block. 

Cylinder head: Removable, with overhead cam shaft, rocker- 
arms, valves and springs enclosed by a detachable cover; the 
vertical drive shaft and gears are so arranged that the timing 
of the valves cannot be changed when the head is removed. 

Cam shaft: One-piece hollow drilled for pressure oil feed to the 
five bearings; it is driven by a vertical drive shaft and spiral 
bevel gears. 

Rocker-arms: Forged alloy steel; locked adjustment for the 
valve clearance at the end of the rocker-arm; bearings are 
oiled under pressure through a hollow drilled rocker-shaft. 

Valves: Two per cylinder, each actuated by a rocker-arm and 
two springs, oneinside the other; springs secured by taper keys. 

Combustion chamber: Bored out in a spherical shape and 
polished to prevent collection of carbon. 

Vertical drive shaft: In two pieces so arranged that the head 
can be removed and replaced without the possibility of chang- 
ing the valve timing. 

Oil pump: Driven direct from the crank shaft; a special Due- 
senberg feature consisting entirely of a system of gears 
capable of delivering a pressure of 250 lbs. per sq. in. 

Water pump: An impeller of the centrifugal type. 

Crank shaft: One piece having three main bearings; front 
234" x 214”; center 234” x 214”; rear 234” x 3”; the con- 
necting rod bearings are 2” x 174’; the crank shaft is drilled, 
and oil is forced to all bearings under pressure. 

Connecting rods: Length 934”; machined all over; hollow 
tubular type; piston pin held in place by a lock screw; lower 
end is arranged with fins which provide lightness, strength, 
and a large cooling area. 

Pistons: Flat-top 314” rings are used; diameter 274”; length 
3hy”. : 

Oil pan: Aluminum, removable while engine is in frame; lower 
half is used as a reservoir for oil; oil is drawn through a 
strainer from the sump in the bottom of the oil pan by the 
oil pump and forced to all bearings under pressure. 

Breather: Covered by a hinged cap which also acts as a con- 
venient oil-filler pipe and has the oil gauge mounted on the 
front of it. 

Flywheel: Steel forging machined all over with gear teeth cut 
in periphery for the starting motor. 

Carburetor: 114’ mounted on right side of engine; gas passes 
from the intake manifold through the head of the motor to 
the left-hand side, where it is distributed to the cylinders 
through an aluminum ramshorn intake; a part of the exhaust 
manifold is cast integral with the intake manifold, and 
through this the exhaust passes, creating a hot spot. 

Electrical equipment: Delco is used throughout; the dis- 
tributor is mounted on the generator; this locates the dis- 
tributor centrally making possible a very neat distribution 
of wires to the spark plugs. 

Spark plugs: Metric threads, one per cylinder, set in the head 
at an angle to prevent fouling; amply cooled and very acces- 
sible. 


1 Manufactured by Rolls-Royce Co. of America, Springfield, 
Mass. 


2 Duesenberg Auto & Motor Co., Indianapolis, Ind. 


Engine mounting: Three-point suspension; the rear of the 
engine is suspended by side arms on a bell housing bolted 
directly to the frame; the front is supported by a patented 
trunnion, which makes an extremely strong, light, and flexible 
mounting. 

Accessibility: Adjustment on the engine, carburetor, electrical 
equipment, and spark plugs are extremely easy to make 
because of the simplicity of engine construction. 

Clutch: Single dry plate of a special Duesenberg design with 
an adjustable pedal. 

Transmission: Three speeds forward and one reverse, with 
ground gears of a special Duesenberg design; gear ratio 
reverse 4.016 to 1; first speed, 3.167 to 1; second speed, 
1.654 to 1; high direct drive 1 to 1. 

Universal joints: The drive to the real axle is through a double 
flexible joint and a tubular drive shaft, which is enclosed in a 
torque tube. 

Drive gears: Spiral bevel; ratio of 4.6 to 1. 

Rear axle: One-piece reinforced molybdenum steel of a new 
design extremely light and strong; ball bearings are used 
throughout. 

Differential: Consists of a forged steel case enclosing a spider 
aay four bevel gears and two side gears splined for the axle 
shaft. 


Axle shaft: Molybdenum steel hollow; shaft and hub are one 
piece. 

Rear axle mounting: The front end of the torque tube is 
hinged to the center cross-member by a yoke; both ends of 
the springs suspend the frame by shackles; two radius rods 
run from the axle to the front end of the torque tube to 
provide strength. 


Front axle: Tubular; axle ends and steering knuckles are of 
molybdenum steel of a new design from 25 to 40 per cent 
lighter than the majority of axles now in use and from 25 to 
40 per cent stronger. 


Wheel base: 134’. 

Springs: Semi-elliptic; front 214” wide by 40” long; rear 214” 
wide by 59” long. 

Frame: Chrome nickel steel 6 7/16” in depth of section by 24%” 
cross-section; it is strongly braced by five rigid cross- 
members. 


Hydraulic brakes: 16’ forged drums are fitted to all four 
wheels, ground to give a perfect braking surface; circum- 
ferential fins are machined on the outer edge to provide 
strength, lightness, and radiating surface; the four brakes 
are operated by hydraulic pressure; a master-cylinder is 
attached to the foot brake and the liquid is forced through 
the lines running to the four wheels by a piston in the cylin- 
der; a small cylinder in each one of the four brakes has a 
piston which is forced upward by the liquid entering the 
cylinder; the piston then operates a toggle arm which in 
turn expands the two brake shoes in each brake. 


Hand brake: Operates manually a contracting brake on a drum 
at the forward end of the propeller shaft. 


Wheels: Rudge Whitworth wire wheels are used. 


Spare wheels: One spare wheel is carried on a 3-point mount- 
ing on the rear of the car and locked in place by a patented 
Duesenberg device. 


Tires: 33’’ x 5” cord tires are used all around. 
Weight: The weight of the car is 3,200 lbs. 
Clearance: Clearance, lowest point 10”, 
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Bumper: The bumpers are a part of the car and are of a special 
design. 


Shock absorbers: Are standard equipment. 
Chassis lubrication: Alemite. 
Gas tank: Capacity 20 gallons; located at the rear. 


Vacuum system: A special Stewart vacuum tank is located on 
the cast-aluminum dash. 


Body: Aluminum; steel fenders; running boards. 

Instrument board: Instruments are grouped and enclosed 
under plate glass, making them dust proof; they are illu- 
minated by indirect lighting. 
imming i Q ially designed dimming arrange- 

oA ment is ets ee Re: manition on the aiserine wheel. 
Manufactured by Duesenberg Automobile & Motors Co., Inc. 

Indianapolis, Ind. 


SPECIFICATIONS OF THE PIERCE ARROW ‘‘MODEL 32” 


The Pierce-Arrow: model ‘32’ car numbers run from 
321,001 to 329,999. This model is manufactured in conjunc- 
tion with the 38 and 48 h.p. right-hand drive models, the latter 
being produced in limited quantities. 


Engine: 6 cylinders, T-head which is removable with 
cylinders in-block, instead of in three pairs, as in the 1918, 
1919 and 1920 models. There are two cam shafts, one on each 
side of the engine. One cam shaft (right-hand side) operates 
the exhaust valves, and on the left side, the inlet valves. There 
are two inlet and two exhaust valves to each cylinder, called 
“dual valves.’”’ ‘The outside diameter of the inlet and exhaust- 
valve head is 154”. The diameter of the throat, where the 
bevel of the valve begins, is 114”, and the lift of the valves is 
11/32”. This dual-valve engine was first incorporated in 
“Series Five’ in June, 1918. The valve clearance on the 
exhaust valve is .005’’, and the inlet .003’’, adjusted when the 
engine is hot. 


Cylinder dimensions are 4” bore by 514” stroke. The speed 
of the engine is 200 to 3,000 r.p.m., the latter speed correspond- 
ing to 75 miles per hour. See page 54 for illustration of Pierce- 
Arrow engine. 


Ignition: Delco closed-circuit system, with automatic spark 
advance. There are two spark plugs to each cylinder, this 
being called ‘“‘double ignition,’’ comprising two complete 
systems, either of which can be used alone if desired. The two 
plugs in each cylinder insure positive ignition and complete 
combustion. 


Spark plugs: 7%’ A.L.A.M., with 1/32” gap; timer contacts 
should open .030’; firing order, 1, 5, 3, 6, 2, 4 


Starting motor: A Delco starting motor in a separate unit, 
with a mechanically shifted pinion which meshes with the gear 
on the flywheel, is on the right side of the engine. 


The generator is a third-brush regulated, shunt-wound Delco 
generator, mounted as a separate unit on the right side of the 
engine. Storage battery: Willard, 6-volt. See Index under 
“Wiring diagram Pierce-Arrow electric system.” 


The carburetor is the Pierce-Arrow, similar to that used in 
the 1919 model. A few of the first cars of this model were 
equipped with a special Stromberg carburetor. 


Gasoline feed is by air pressure. One pipe from the fuel 
tank in the rear is connected to a power and hand air pump, 


SPECIFICATIONS OF 


This car is a Durant creation, manufactured by the Star 
Motors Inc., 511 Fifth Ave., New York, N.Y. 


Engine: 4 cylinders; L-head; made by Continental Motors 
Corpn.; cylinders cast integral with upper crank case; detach- 
able cylinder head; lower crank case detachable, made of sheet 
metal; bore 314”; stroke 414”; develops maximum of 35 h.p. 
at 2,500 r.p.m.; 152.1 cu. in. piston displacement; cam shaft 
and generator shaft driven by chain at front end of engine; 
chain has triangular layout; engine has 4-point suspension. 


Lubrication: Oil under pressure is forced through hollow 
cam shaft, and thence, still under pressure, to the main bear- 
ings; connecting-rod bearings and pistons are lubricated by 
splash system. 


Manifolds: Inlet and exhaust manifolds are cast in one com- 
mon wall, thus producing “hot spots’? for incoming charge. 


Fuel system: Fuel tank of cylindrical shape mounted on 
rear of frame; Stewart-Warner vacuum feed to carburetor; 
Tillotson carburetor. 


Clutch: Single-plate disk (see Fig. 14). 
Transmission: Selective type, 3 speeds. 
Universal joints: Spicer. 


Axles: Front axle I-beam; rear axle of Timken make, semi- 
floating, spiral bevel gear, 4% to 1 ratio; differential can be 
removed through cover plate in rear-axle housing. 


Cooling: Water-circulating pump driven by extension of 
generator shaft; belt-driven fan. 


1Tlustrations from Motor World. 


and is called the air-pressure pipe; the other is the fuel pipe 
to the carburetor. The air pressure of the gasoline gauge varies 
from 31% lbs. to 4 Ibs. per square inch. 


The oiling system is a full-force system. The oil is not only 
forced to the cam-shaft and crank-shaft bearings, but is also 
forced to the piston pin. Oil pressure varies from 0 to 75 lbs. 
per square inch. A pressure of from 2 lbs. to 3 Ibs. should 
show when the engine is throttled down to its lowest speed, and 
from 14 lbs. to 20 Ibs. when the engine is running at 40 m.p.h. 
on level roads. Readings are taken when the engine is warm. 


Transmission: Three forward and one_ reverse speed. 
Some of the earlier models had four speeds. The final drive is 
by means of spiral bevel gears. Rear axle, semi-floating. 

ires, straight side 33” x 5’. Gasoline capacity, 26 gallons. 
Wheel base, 136’. Tread, 56’. Clutch, multiple disk, dry 
plate. Gear shift is the standard S A.E. 


The rear-axle ratio of the six and seven-passenger car, model 
‘32,’ is 4.29 to 1; on the four-passenger car, 4.00 to 1; on 
the model ‘“RBT,”’ 3.75 to 1. 


Transmission ratio in first speed, 3.45 to 1. 

Transmission ratio in second speed, 1.73 to 1. 

Transmission ratio in third speed, direct. 

Transmission ratio in reverse speed, 4.26 to 1. 

Total gear reduction in third, 4.29 or 4.00 or 3.75. 

Total gear reduction in reverse, 18.27 or 17.04 or 16.01. 

Earlier models of the Pierce-Arrow: Three models were 
formerly made; the model using a 38 h.p., 6-cylinder engine 
with bore of 4” and a stroke of 514”, speed 200 to 2,200 r.p.m.; 
the model using a 48 h.p., 6-cylinder engine, bore 414”, stroke 


514”, speed 250 to 2,000 r.p.m.; the model using a 66 h.p., 6- 
cyhnder engine, bore 5’, stroke 7’’, speed 150 to 1,800 r.p.m. 


Ignition used was the Bosch type “ZR 6,’”’ model 4, high- 
tension magneto, and a second system consisting of a battery 
and coil which was a part of the Westinghouse generator. 


The starting motor was a Westinghouse, with an automatic 
electromagnetic pinion shift. 


The double-unit Delco ignition was used on the ‘'48,’”’ model 
“511,” in 1919. (Pierce Arrow Co., Buffalo, N.Y.) 


THE ‘STAR’? CAR! 
Steering: Cross type; steering gear of worm-and-wheel type; 
steering wheel of usual type, but carries horn button only. 


Spark and throttle levers: Mounted on dash, of bell-crank 
type (see Fig. 14), foot accelerator inter-connected. 


eTRANSMISSION 


Fig. 13. Diagrammatic view of Star chassis, showing 
approximate layout of various units and general type of con- 
struction employed. Note that a device termed a ‘tubular 
backbone,” extending from the transmission cross-member to 
the rear cross-member, is used which prevents racking or 
squeaking of the body. The muffler is enclosed therein. 


Springs: Front springs semi-elliptic, 134’ 
rear are semi-elliptic, 6-leaf, 134’ 


Brakes: Internal hand brak i 
se eee rake and external foot brake acting 


wide by 34” long; 
wide by 48” long. 


eee Wheels and differential mounted on Timken bear- 


SPECIFICATIONS OF PASSENGER CARS 
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Ignition: Auto-Lite make; high-tension coil mounted on top 
of generator; distributor mounted on vertical shaft behind 
generator. 


Electrical system: Auto-Lite generator; cut-out mounted 
on is of generator ; U.S.L. battery; this equipment furnished 
on all cars. 


Tires: 30 x 314” all around; demountable rims furnished 
on chassis, runabout, or phaeton at extra cost. 


Wheel base: 102 inches. 


The prices of the Star car, f.o.b. Detroit, are as follows: 


Chassisiy. ccasitrere siereebr te Ei ce ees. te aan nares $285.00 
PHAOCON srajerssecerereraraserst totem eration sees ens ea hae 348.00 
Phaeton with starter and demountablerims........... 443.00 
Rumabout coc seis teteloety caverns clo-sishetora a4 hee ere 319.00 
Runabout with starter and demountablerims......... 414.00 
Coupé with starter and demountable rims...,........ 580.00 
Sedan with starter and demountablerims............. 645.00 


STANDARD ADJUSTMENTS OF THE PACKARD TWIN SIX ‘3-25’? AND ‘3-35’? 


Ignition interrupter points should be set .015/’ to .020” 
when fully separated. 


_ Ignition timing: The spark setting in the fully advanced posi- 
tion should be 254’ (measured on the circumference of the fly- 
wheel) before upper dead center. 


Should it become necessary to check this, proceed as follows: 
Remove the motor-starter switch cover over the flywheel. Set 
the spark lever on the steering wheel in the fully advanced posi- 
tion. Open all priming cups with the exception of the one in 
No. 1 cylinder in the right block. Crank the engine by hand 
until compression begins in this cylinder; then open this prim- 
ing cup and continue to crank the engine slowly to the point 
where the right interrupter points just begin to separate. In 
this position, the letters ‘‘8.R.’’ on the flywheel should be just 
opposite the center line of the engine, as indicated on the crank 
case. 


In order to test the synchronism of the left hand block, pro- 
ceed as above, excepting that the priming cup in No. 1 cylinder 
in the left block should be closed. Under these conditions, 
the letters ‘‘S.L.’’ should be just opposite the center line of the 
engine as above. 


Spark-plug points should be separated .032”. 


The auxiliary air valve should have a 5/32” drop when the 
control on the instrument board is set for the best idling posi- 
tion. 


To check, proceed as follows: Set the auxiliary air-valve 
control for the best idling position. In this position groove 
No. 4 is flush with the end of the instrument board bracket. 


Measure the height of the top of the air-valve stem from some 
fixed point on the engine. Depress the air valve until it strikes 
the inside spring. Measure the height of the top of the stem 
as before. The difference in these two measurements is the 
air-valve drop. 


Make sure that the air-adjusting connecting rod clevis is so 
adjusted that the air shutter completely closes when the control 
on the instrument board is pulled out. 


Clutch brake: Adjustments for wear can be made by loosen- 
ing the nut on the stud which projects through the slot in the 
clutch cover, and by sliding the whole assembly toward the 
rear. 


Before tightening the nut, be sure that the brake facing does 
not make contact with the clutch-brake disk when the clutch 


is engaged. 


The amount of clearance should be governed by the speed of 
shift desired. ; 


The standard setting allows 1%” to 3/32” compression of 
spring with the clutch completely disengaged. 


To adjust the foot (external) brakes properl j make the clear- 
ance Eo icen the band and the drum 1/32”, and equal all 
around. In making this adjustment proceed as follows: 


Adjust the nut on the rear support until the clearance between 
the ae and the brake ae 2 1/32” at this point. Adjust 
the two nuts on the shank of the clevis just below the eye bolt BY 
the front of the brake until the distance between the lower ha. 

of the brake band and the drum is 1 /32’. Adjust the T-handle, 


which operates the adjusting screw, until there is a clearance of 
1/32” between the upper half of the brake band and drum. 


The hand (internal) brakes should be evenly adjusted, so that 
when applied there is the same resistance on each rear wheel. 
The following adjustments are to be made: 


Make all adjustments for wear on the side-pull rods connected 
to the cam-shaft levers. 


By removing the rear wheel the hand-brake band can be set 
concentric with the brake drum by means of the adjusting set 
screw at the rear. The band should just clear the drum at this 
point. 


The hand lever should be in the sixth notch from the front 
when brakes are applied. 


Adjust the accelerator pedal to have a clearance of 3/16” 
between the pedal and the top of the floor board when the 
throttle is wide open. 


The oil pressure should be 20 lbs. to 25 lbs. at 1,000 r.p.m., 
corresponding to a speed of approximately twenty-five miles 
per hour; with the engine hot. A lower pressure when the 
supply is up to level indicates that the oil being used has low 
viscosity, or that the relief valve opens too far. 


To adjust the relief-valve opening, change the tension of 
the relief-valve spring located in the pump housing. 


Compression in the cylinders should show 75 Ibs. plus or 
minus 3 lbs. pressure with the engine cold and at cranking 
speed, with all cylinder petcocks closed and the throttle wide 
open. 


Gasoline pressure: The gauge on the instrument board 
should show 1% lbs. to 2% lbs. pressure. 


The pressure may be increased by removing the plug at the 
top of the pressure-pump cylinder and unscrewing the smaller 
plug at its base. To decrease pressure, screw in the plug. 


Valve clearance: Inlet and exhaust valves should have .004” 
clearance between the valve stem and the roller-holder set 
serew when the engine is cold. Be sure that the valve is fully 
seated when measuring clearance. 


The vibration damper on the front end of the crank shaft 
puould be adjusted to slip under a pull of approximately 140 
8. ‘ 


Clutch pedal: When the clutch is in the fully engaged posi- 
tion, the pedal should depress 1}4’’ under light spring pressure 
before resistance of the heavy clutch spring is encountered. 


If the pedal is brought against the floor board before the 
clutch is entirely engaged, full action of the olutch spring is not 
obtained, and the clutoh will slip. 


The rod connecting the clutch pedal with the élutch release 
lever on the left of the clutch housing gives the necessary means 
for obtaining the correct adjustment for the olutch pedal. 
Lengthening the rod by means of the thumbscrew will increase 
the amu of travel under light pressure before disengaging 
the clutch. 


No other change from the original adjustment will be 
required, as the clutch surfaces are automatic in their compen- 
sation for wear, ‘ P 


Front wheels should “‘toe-in” 34”. 


Refer to the Index for the different parts of the Packard 
car. 
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INSURANCE 


Fire insurance is very essential in the operation 
of an automobile, on account of the exposure it 1s 
subjected to, both on the street and in the garage, 
and most owners carry fire and theft policies. 


Liability insurance is also a very important asset, 
and owners should be very careful about their 
selection of a company to carry their risk. The 
company should necessarily be one with large assets, 
and of sufficient financial strength to protect the 
policy holder through years of action in the courts, 
because in some cases, especially where serious 
injury is involved, regardless of the cause or blame 
for the accident, years have elapsed before settle- 
ment is agreed upon, or final judgment is rendered. 


Kinds of Insurance 


There are five classes of automobile insurance, 
as follows: 


1. Fire and theft. 

2. Liability. 

3. Property damage. 
4. Collision. 

5. Loss of use. 


Fire and theft can be combined in one policy, or 
fire insurance can be written separate, excluding 
theft; but the theft feature cannot be written unless 
accompanied by the fire insurance. Collision can 
also be included in the fire policy, or in the fire and 
theft policy, but it, like the theft msurance, cannot 
be written separately. Liability and property 
damage is usually written in a separate policy 
although several companies are writing a joint “all 
risks” policy covering fire, theft, liability, property 
damage, and collision. This can be done by re- 
insurance between the liability and the fire companies. 


1. The standard automobile fire and theft policy 
covers the body, machinery, and equipment of the 
car. Extra bodies, robes, automobile coats, hats, 
caps, gloves, leggings, boots, goggles, and chauffeur’s 
livery are not included unless provided for under a 
separate endorsement, for which additional premium 
is charged in accordance with the amount of coverage 
desired. Automobile fire insurance is written in 
two forms: one covers fire and theft, and is known as 
a “valued policy,” on account of the company being 
liable for the amount stated in the policy at the time 
of a loss; the other provides that the company may 
deduct a reasonable amount from the loss for depre- 
ciation, however caused. A credit in the rate is 
given for the latter form of coverage, which is known 
as the “non-valued form.” A credit of 15 per cent 
is granted from the fire rate where an approved 


chemical fire extinguisher is attached to the auto- 
mobile. 


Theft insurance, as stated above, can only be 
written in connection with a fire policy, and the 
same conditions regarding ‘‘valued” and “non- 
valued” clauses apply. On all cars listing under 
$2,000 the companies require the attachment of 
an approved locking device for which a credit of 
15 per cent is granted from the theft rate. Where 
no lock is provided, an additional charge of $15 is 
made. 

2. Liability insurance provides protection against 
accidents to the public resulting in injury or death. 
The usual limits of liability are $5,000 for an acci- 
dent resulting in an injury to one person, and 
$10,000 for an accident resulting in injury to more 
than one person. ‘The purpose of this insurance is 
to pay judgments, costs of court, attorney fees, 
witness fees, investigation and settlement costs, 
and other expense necessary to the protection of 
the automobilist, not exceeding, however, the limits 
above stated. ‘These limits may be increased where 
necessary, by payment of an additional premium. 


oc 


3. Property damage insurance covers damage to 
the property of others, not exceeding $1,000. 


4. Collision insurance covers loss or damage to 
your car caused by a collision with another object. 
There are three classes of collision insurance: one, 
known as the $50 deductable form, provides that 
the company will deduct $50 from each claim; 
another known as the $100 deductable form, pro- 
vides that the company will deduct $100 from each 
claim, and still another, known as the full-coverage 
form, which provides that the company will pay all 
claims in any amount. The insurable value on 
collision insurance is based upon the same principle 
as fire insurance, a fixed percentage of the list price 
of the car being granted in accordance with the age, 
use, physical condition, ete. 


5. Loss of use: This form of coverage hag just 
recently been included, and applies in connection 
with the property damage insurance, providing 
reimbursement to the owner on account of sums he 
may be called upon to pay to others through the loss 
of the vehicle which has been damaged, le., cost of 
rental of another vehicle pending repairs to the one 
damaged, not exceeding $1,000. 


Rates 


Insurance rates vary in different parts of the 
country. Therefore it is advisable to see your local 
imsurance agent. 


LAWS 


The automobile laws of the different states are so 
varied that it would require far too much space to 
give them in detail in this book. 


If those who are interested will write to the Tour- 
ing Board of the American Automobile Association 
(A.A.A.), 1108 16th Street, N.W., Washington, 
D.C., and enclose twenty-five cents in stamps, 
mentioning Dyke’s Automobile Encyclopedia in 
connection, a complete Digest of the Motor Car 
Laws of the United States and Cars entering 
Canada will be mailed. This will be found as 
comprehensive as its title indicates, and it will be 
extremely serviceable, as well. 


It is well, also, to write to the Secretary of State 
of your own state, and he will inform you where 
to obtain the laws of that state on the subject. 


Automobile Licenses of Different States: the 
Cost and How to Secure a License 


; There are, in most states, two kinds of licenses 
issued for automobiles: One is issued to the owner 
of the car, covering a tax or fee on a car, as well as 
entitling the owner to drive the car. The other 
kind is a license issued only to a professional 
chauffeur. 


Some states do not require chauffeur’s license. 
Other states require the chauffeur to obtain a 
license, which is usually done by writing to the 
Secretary of State at the capital city for a form to 
fill out. When this is filled in, and the amount of 
the license is remitted, he is then furnished with a 


ae and receipt. Other states require an examina- 
ion. 


INSURANCE; LAWS; ORIGINS 


The necessary information, even though you do 
not purchase a license, can be obtained by writing 
to the Secretary of State of your state. Tavis 
as the laws are sometimes amended or changed, it 
would be well for the reader to write for the informa- 
tion, which will be supplied to him gratis, or send 
for the complete Digest of the laws of all states 
mentioned on page 1072. 
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The age of driver of an automobile in most states 
must not be less than 18 years. ‘This varies, how- 
ever, in different states, and is to be ascertained 
definitely from the complete Digest of Motor Car 
Laws issued by the A. A. A. Touring Board. 


_ Note. We advise all who are interested in automobiles to 
join the A.A.A. See page 655. 


QUESTIONS AND ANSWERS AS TO SOME OF THE “FIRSTS” 


First Auto Show 


Q.: In what year was the first automobile show held in Chicago 
and also in New York? 


Ans.: The first show heldin New York was in November, 1900, 
at Madison Square Garden, under the auspices of the Auto- 
mobile Club of America. A feature of the show was a 
board hill built on the roof of the garden, to prove that 
the new vehicle would not only propel itself, but would 
climb a grade. The novelty of the idea appealed to the 
public. The first automobile show in Chicago was at the 
Coliseum in March, 1901. Eighteen vehicles were dis- 
played. The gate receipts were $3,200. Mr. Sam Miles 
was the manager. 


First Four-Cycle Gasoline Engine 


Q.: Who invented the first gasoline engine? 


Ans.: Nicolaus August Otto, Deutz, Germany, on August 14, 
1877, was granted patents covering the four-cycle engine 
and the principle of compressing the mixture before explod- 
ing it. This is the principle still used on automobile 
engines at present. The conception of compression and 
four-cycle operation was not, however, original with 
Otto. He combined these ideas into a practical engine. 
They were twelve years in the making, and three countries 
participated in their evolution. The conception started 
in 1862, when a Frenchman, Alphonse Beau de Rochas, 
obtained a patent and wrote a pamphlet on the four-cycle 
engine. Six years later Boulton, an Englishman, secured 
a patent covering the use of compression in an engine. 
However, Boulton failed to work out the necessary means 
for compression in a practical way. 


‘ First Power-Propelled Vehicle 
Q.: When was the first power-propelled vehicle invented? 


Ans.: Experiments date back to 1770, when Joseph Cugnot, a 


French engineer, built the first automobile. He con- 
structed a steam automobile that hauled 2% tons at 3 
miles per hour, and this vehicle is still preserved in France. 
In 1802, the first practical steam automobile was built by 
Richard Trevitluck of England, using a crank shaft for 
the first time, and driving by gears from the engine to 
the road wheels. In 1821, Julius Griffiths of England 
built the first comfortable steam vehicle, the first vehicle to 
have a coach design of body, with seats carried on springs, 
as they are today. In 1831 Summers & Ogle of England 
built a three-wheel tubular boiler and two-cylinder engine 
which attained a speed of thirty-two miles per hour. The 
first motor vehicle to carry passengers regularly for hire 
was built by Walter Hancock of England in 1834. The 
motive power was steam. 


First Pneumatic Tires 


Q.: (1) Who invented the pneumatic tire? (2) In what year 
did American manufacturers of automobiles begin to 
use the double-tube tire? (3) What were the prices of 
tires from 1900 to 1915? “ae >) 

ns.: (1) At present the honor of inventing pneumatic tires 18 

# Seed ncuwecs two claimants: R. W. Thompson, a 
Scotchman, and John Dunlap, an Trishman. The former 
devised an automobile rubber tire in 1839, but it never 
came into use, as it was a very crude affair, and seemed of 
no practical service. Thompson’s tire was a single-tube 
appliance, and was invented in 1845. The solid rubber- 
cushion tire and the single-tube air tire were used consider- 
ably in 1899 and 1900, The double-tube pneumatic tire 
did not come into general use on automobiles until 1902. 
(2) Single-tube pneumatic tires were generally used up to 

\ 1903. Double-tube tires were in use in 1902, and were 
‘extensively adopted in 1903. (3) For a 30” x34” single- 
‘tube tire the price in 1900 was $28; in 1901, $25; in 1903 
‘the double-tube tire casing and tube cost $41; in 1913, 
$21.95; in 1915, $14.30. 


First American Auto Road Race 


Q.: Where and when was the first American Automobile Road 
Race run in America? 


-- - . ‘ ‘ 9 to 
-: Motor Age, April 19, 1900, says: “America’s first au 
oo A dt ence se run over a fifty-mile course on the famous 

Merrick road on Long Island yesterday morning. Atk: 


Riker, with a five horse-power electric racing wagon, won 
by a quarter of an hour; time, 2:03:30. S. ‘T. Davis, Jr., 
in a steam Locomobile, four and a half horsepower, was 
second; time, 2:18:27, Alexander Fisher, in a gasoline 
runabout built by the Automobile Company of America, 
was third; time, 2:30:01.’ The article further states 
that the racers wore auto caps, goggles, and mouth pro- 
tectors. Riker wore no auto togs at all, but got there just 
the same. This speed is averaged now almost daily on 
the streets. : 


First Auto Race 


Q.: Where was the first automobile race held in America? 
How many cars started? How many finished? 


Ans.: Chicago made the earliest attempt at an automobile 
race, November 25, 1895. Six cars started over a course 
of fifty-four miles, from Jackson Park to Evanston and 
back again, for a prize of $500 offered by the Chicago 
Times-Herald. Four of the cars were propelled by gaso- 
line and two by electricity. Two cars finished. Charles 
E. Duryea won in ten hours and twenty-three minutes. 
The course was covered under highly unfavorable condi- 
tions, the roads being heavy with mud and snowy slush. 


First Rubber Tire 


Q.: When was rubber first discovered, and who made the 
first rubber tires? 


.: The first mention of rubber was in 1525, when the 
Spaniards in Mexico saw the natives playing with balls of 
a remarkable elasticity. In 1770 it was suggested as an 
eraser for pencil marks. In 1823 Macintosh of Manchester, 
England, found that rubber would dissolve in benzine, 
and began making waterproof fabrics. In 1832 the Rox- 
bury Rubber Company was formed in Massachusetts to 
engage in this work, and Charles Goodyear was one of its 
employees. Goodyear discovered vulcanization in 1835. 
In 1842 he began producing rubber shoes. The first use of 
rubber tires was when Dietz in 1835 patented a rubber 
cushion applied to aniron ring or tire. R. W. Thompson, 
an Englishman, on December 10, 1845, patented the first 
pneumatic tire. 


An 


n 


Auto Club of America 


Q.: In what year was the Automobile Club of America organ- 
ized, and how many cars were produced that year? 


Ans.: On Wednesday, January 7, 1899, a public meeting was 
held at the Waldorf-Astoria Hotel New York, and as a 
result the National Automobile Club of America was char- 
tered on the following August 6. Six hundred machines 
were produced in 1899. 


Jump-Spark Coil Invented 


Q.: When was the jump-spark coil invented and first used? 


Ans.: In February, 1852, Emperor Napoleon of France offered 
50,000 francs to the man who could produce the most 
important electric invention during the next five years, 
which period was later extended five years. This award 
was finally given to H. D. Ruhmkorff, a Paris instrument 
maker, for inventing the jump-spark coil, often referred 
to as the Ruhmkorff coil or high-tension coil. This coil, 
however, was first actually developed by Prof, Charles G. 
Page of Washington, D.C., following the researches of 
Faraday, Joseph Henry, and W. Sturgeon, about 1831, and 
really should be more properly termed Page’s coil. 


Knight Engine: Its History 


Q.: Has the Knight engine been tried out fully, or is it still an 
experiment? What foreign manufacturers use it? 


Ans.: The Knight sleeve-valve type of engine was invented 
in Chicago in 1903. The engine was under experiment 
until 1905, at which time it was given severe tests in 
Elyria, Ohio. In 1906 Charles V. Knight submitted his 
engine to the largest motor car company of England, the 
Daimler Company. After tests, the Daimler Company 
adoptedit. Other leading Huropean automobile manufac- 
turers who adopted this type of engine are the Panhard 
Company, France; Mercedes Company, Germany; and 
the Minerva Company, Belgium. 


INSTRUCTION No. 84 
DICTIONARY: Meaning of Motoring Terms 


Note. If the Dictionary does not give the meaning, or if a 
description is desired, see Index for the subject. 

See page 529 for “Storage Battery Words and Terms.’’. See 
page 1079 for English-French Dictionary. 


By referring to the Index, the definition of many other words 
can be found. ‘ 


Abrasion: The act of wearing or rubbing away; a chafe. 


Accumulators: A set of secondary cells—also called storage 
batteries containing positive and negative plates, and filled 
with electrolyte. 


Advance Spark Lever: See Index. 

Air: Composed of approximately one-fifth oxygen and four- 
fifths nitrogen, with some carbonic gas. 

Air gap: A term having almost the same meaning as “‘clear- 
neat Often a oclon to the space between the field poles 
of a generator, motor, or magneto and its armature. 


A.L.A.M.: Means Associated Licensed Automobile Manufac- 
turers. Now known as S.A.E. (Society of Automotive 
Engineers). 

Alternating current: A current changmg its direction of flow, 
or ‘‘alternating’’ backwards and forwards. 


Aluminum: This metal, the chief characteristic of which is its 
lightness, is not generally used m its pure state, but is 
alloyed with a small proportion of zinc; sometimes, for 
special requirements, a small quantity of copper and 
manganese are added. 


Ammeter: An instrument that indicates amperes or rate of 
current flow. 

Ampere: See page 529. 

Ampere-hour capacity of a battery: A term used to express the 
amount of current that can be gotten out of a battery of a 
given size. An actual 50 ampere-hour accumulator should 
be capable of giving 1 ampere for 50 hours, or 2 amperes for 
25 hours; but the ratio becomes disproportionate as a 
higher rate of current is taken from the cell. See also 
page 560. 


Annealing: Softening of metal. By placing it in a fire and get- 
ting it red hot, and then permitting it to cool without 
water, it softens. 


Annular ball bearing: See page 19. 
Anode: The positive (+) pole of a current; opposed to cathode. 
Anti-clockwise rotation: Same as counter-clockwise. 


Asbestos: This material is of mineral origin (large quantities 
come from Canada). In its natural state it is fibrous and 
somewhat brittle. As it resists great heat, it finds con- 
siderable application in motor work for engine jointing in 
the form of packing washers (of copper sheet and asbestos) . 
Asbestos cord is used for covering exhaust pipes where these 
pass through woodwork, etc. Worked up into a fabric 
with brass wire, it is largely used for brake-band linings 
and clutch covering, as it cannot be burned out by exces- 
sive friction, 


Atmospheric pressure: The earth is surrounded by a large, 
thick envelope of gases which is known as the atmosphere, 
and is commonly spoken of as the air. Contrary to general 
belief, the air does possess weight. * In fact, if we went to 
the sea-shore and took a column of air one inch square and 
as high as the atmospheric envelope exists, this column 
would weigh about 14.7 lbs.; consequently the atmospheric 

ressure at sea-level is 14.7 lbs. per square inch. The 
igher the altitude above sea-level, the less will be the 
atmospheric pressure. 


Atom: The smallest divisible part of a chemical element. 
Aviatrix: Feminine for Aviator. A woman who operates a 
flying machine. 
B 


Backlash: The play between the teeth of two gears which are 
engaged (in mesh); see also Index under ‘‘Backlash.”” 


Back-pressure: Term applied to restricted exhaust discharge. 
Unless the muffler is of sufficient size, there will be back 
pressure, and the exhaust will not be discharged as rapidly 
as it should. 

Ballast resistor: See page 430. 


Benzol: A promising motor fuel. It is a by-product of coke. 
It contains the same elements as gasoline, Bub the chemical 
formula is slightly different. In ngland it is used to great 
extent for fuel, also for explosives, dyes, and chemicals. 
All gas plants in England are being equipped to produce 
benzol, It is stated that experiments with the. material 
are being made in the United States. 


Bezel: The groove in which the glass cover of the speedometer 
or clock is fitted. 


Bore and stroke: See Index. 


B.H.P. (Brake horsepower): Measurement of horsepower of 
an engine of actual net work of the engine or horsepower 
delivered at the crank shaft. See page 1044. 


British thermal unit (B.T.U.): The amount of heat required to 
raise the temperature of 1 Ib. of water 1° F. (at its maxi- 
mum density, which is at 39.1° F.). This expression is 
much referred to in the study of the value of various fuels 
for engines: thus gasoline ranges about 19,000 to 20,000 
B.T.U. per lb. A pound of gasoline of 58 s.g. is approxi- 
mately eight-tenths of a pint. 1 B.T.U. is equivalent to 
778 foot lbs. of work. See also ‘‘Thermal efficiency. 


B.T.U.: See ‘‘British Thermal Unit.” 


By-pass: A means hy which a flowing substance can take a 
course other than its usual one; an extra passage. 


Cc 


Calorific value: This term is used with reference to various 
fuels, such as gasoline, benzol, paraffin, etc., and represents 
the effective heating power per pound in terms of British 
Thermal Units. 1 Ib. of gasoline contains about 19,000 
BtEsWes: 


Calorimeter: An instrument to determine the heat content of 
a substance, that is, how much heat it will give off when 
burned. Used to determine the number of B.T.U.’s per 
pound of gasoline. 


Calory: The unit of heat (metric system) to express the amount 
of heat required to raise 1 gram of water from 0° to 1° 
Centigrade. 


Cam shaft: The shaft running through the engine which has 
the cams placed upon it at certain fixed positions. 


Camber: To curve or bend. As applied to the automobile, it 
refers to the camber of the front wheels at the ground. 
See page 906. 


Carbon: One of the well-known non-metallic elements. It is 
an excellent conductor .of electricity. As applied to the 
automobile, it refers to the carbon deposit which acoumu- 
lates in the combustion chamber of an engine. Ina hard 
state it works wellas a contact mediumin conjunction with 
copper or brass; it is, therefore, largely used for the 
brushes of the magneto, and also for the brushes of car- 
lighting dynamos. Carbon, inits natural form of graphite, 
is used as a lubricant for gearing. It is generally mixed 
with grease, and is supplied ready prepared by lubricant 
manufacturers. 


Carbonize: The deposit of carbon upon the points of the spark 
plugs and the various internal portions of the engine 
cylinder and exhaust passages. 


Caster: As applied to the automobile the word refers to the 
“caster” or ‘‘cant” or inclination from the vertical, as given 
to the front axle. See page 907. 


Cathode: The negative pole (—) ofa current; opposed to anode. 


Cell: An electrical cell is a vessel complete with its contents, 
and a number of these form a battery, or a set of storage 
batteries. Each cell must contain positive and negative 
plates, and some form of electrolyte. 


Celluloid: ~A compound of camphor and gun-cotton. Its 
transparency and flexibility are its chief characteristics. 
Non-inflammable celluloid is now made for windshields. 


Center of gravity: The point at which a body balances. For 
example if you lift an engine out of a car with a hoist, you 
always try to attach the chain so that the engine will stay 
level when hoisting. In other words, you try to place the 
chain at the center of gravity of the engine. Ifa car has a 
high center of gravity, it has a tendency to turn over when 
making a turn at high speed. Such a car would be called 

top heavy.” In order to prevent turning over, racing 
cars are built with a low center of gravity. For example, 
the center of gravity of a wheel is the center of the wheel 
hub, because that is where it balances. Ifa body is placed 
below that center it will have less tendency to be ‘‘to 
heavy”’ than if placed above the center of the wheel, 


because the center of gravity of the automobile would be 
nearer the ground. 


Centigrade: A scale of temperatures usually used in foreign 
countries and in scientific work. See page 1048. 


Chamfer: A small channel or groove cut in metal or wood; the 
corner beveled off. 


Change gears: The transmission or system of changing the 
gears in the gear box. 


1074 


DICTIONARY 


1075 


a 


Chassis: Pronounced ‘‘chas-sy.’”” Derivation, French; a 
frame in wood or metal; the framework of a wagon; later 
the term was applied to the framework of a locomotive; 
then to the longitudinal and transverse frame members of 
a motor car. By extension it also designates the whole of 
the mechanical portion of a motor car. More correctly, 
however, the word chassis should only apply to the metal 
framework receiving the engine gearset and controlling 
mechanism. 

Chauffeur: Pronounced ‘‘Sho-fur.” Derivation, French, 
chauffeur, a person or a thing that heats. A chauffeur is 
a man in charge of a furnace or boiler fire. The first use 
of the word chauffeur was during the revolution of 1789, 
when bands of brigands heated (chau ffé) the feet of their 
victims in order to make them reveal the place where their 
money was hidden. The ‘‘chauffeurs’’ were stamped out 
during the Consular period. The word chauffeur was first 
applied to motor-car drivers under the popular supposi- 
tion that they had to tend afire. On the French railroads 
the chauffeur is the fireman; the engine driver is the 
mechanician. 

Chauffeuse: A woman chauffeur. 


Check-valve: A valve which permits the passage of a fluid or 
gas in one direction only. 

Chemical compound: When two or more chemical elements 
are united they form a chemical compound. This can be 
a solid, a liquid, or a gas. 

Chemical element: Matter which cannot be divided into 
simpler chemical forms. Itcan be asolid, aliquid, ora gas. 

Circuit: The path of the electrical current; the conducting 
material, or wires. 


Circuit-breaker: See ‘‘Contact breaker’; ‘‘Interrupter.’’ 


Circulating pump: Pump used to circulate the cooling water. 
Operated by the engine. 

Clearance: As applied to the automobile, this refers to the per- 
missible space or air-gap between the valve stem and 
tappet; also to the air-gap space between ignition contact 
points when separated; also to the air-gap of spark-plug 
points and other parts. It also refers to the lowest point 
of an automobile which is above the ground. It also refers 
to the space or oil film allowed between a bearing surface 
and the shaft. 

Clockwise rotation: Rotation to the right, or in the direction 
of the hands of a clock. See Index under ‘‘Magnetos, 
clockwise rotation from drive end.”’ 

Clutch: A device for connecting and disconnecting the engine 
from the transmission—usually placed in or on the inner 
face of the flywheel rim. 


Clutch pedal: The foot pedal which connects and disconnects 
the clutch. 

Coefficient: A known constant quantity. That which co-oper- 
ates with a variable or unknown quantity. 

Coil and battery system of ignition: In a battery the electricity 
is obtained by chemical means instead of mechanical 
means, as whena dynamois used. The coil has nothing to 
do with the generation of the electric current, its function 
being ‘‘to gear up,” intensify, or increase the pressure or 
transform the low-voltage primary current into a high- 
voltage secondary current, to enable a spark to be pro- 
duced across the air gap of the plug points. 

Combustion space: The space between the end of the piston 
(when on upper dead center) and the head of the cylinder. 
That portion over the valve is also included. 

Compensating air valve: Also termed auxiliary air valve; a 
valve which counteracts the tendency of an over-rich mix- 
ture as the speed increases. 

Compensating gear: See ‘‘Differential.”’ 

Compound: A mixture of several ingredients. 

Compression: A term implying that the explosive charge of 
gas and air drawn into the cylinder on the suction stroke is 
subjected to a strong squeezing effect on the next stroke. 
The charge is pressed into a space about one-fifth the 
volume or space of that occupied by it on the suction 
stroke, equaling 55 lbs. to 90 lbs. pressure per square inch, 
See also page 116. 

Compression tap or cock: A small tap placed at the upper end 
of the eylinder, which can be opened to relieve the compres- 
sion, to make cranking easier. 

Concentric: The opposite of eccentric. Applied to carburetor 
floats and piston rings. isd 

Condensation: The process of turning a vapor into a liquid. 
As an example: The carburetor takes in raw gasoline and 
air, thus forming a gaseous ‘mixture’ known as a vapor 
and thereby performing the process of vaporization. If 
this mixture ieper) now comes into contact with a cold 
inlet manifold, it will be turned into small drops of raw 
gasoline; this latter process 1s called ‘‘condensation. 
‘Another example: Small drops of water often collect on 
the outside of a glass of ice water, due to the condensation 
of the moisture (vapor) in the air, or due to the warm air 
vapor striking the cold glass. If steam comes in contact 
with a cold surface, it will condense into water, just as the 
vapor in the air did in the example above: the reverse of 


evaporation. 


Condenser: An important part in a spark-coil or high-tension 
magneto. See Index. 


Conductor: A material along which electricity will readily flow, 
such as copper, platinum, steel, and, in fact, all metals. 
Silver is the best conductor, but copper is only very slightly 
inferior. Carbon is a non-metallic element, but an excel- 
lent conductor much used in magneto construction for the 
brushes. The wires or cables of the ignition circuit are 
sometimes referred to as conductors or ‘“‘leads.”’ 

Connecting rod: That member which connects the piston to 
the cranks shaft of an engine. It has an oscillating move- 
ment. 

Constant: A value which remains the same under all conditions, 
that is, the value is constant. The word is often used in 
connection with another value which is variable. See 
also page 1044. 

Contact-breaker: ‘The interrupter on a magneto. Also applied 
to the interrupter arrangement on the ‘‘make-and-break’”’ 
igniter. See ‘“Interrupter.”’ 

Contact-screw: The small screw, having a platinum point, 
against which the trembler vibrates. 


Contact sector: One of the sectors in a timer or distributor. 


Continuous or direct current: This implies that the current 
flows in one direction. The direct opposite of alternating 


current. 

Contraction: The opposite of expansion, usually the result of 
cooling. 

Counter-clockwise rotation: A direction opposite to cloekwise 
rotation. 


Crank shaft: The main shaft in an engine which rotates as a 
result of the force exerted on its cranks which are con- 
nected to the pistons. 

Current: The flow of electricity. 

Cut-out (electric): See Index. 

Cut-out (muffler): A valve opening into the exhaust pipe at a 
point between it and the muffler, which, when opened, per- 
mits the exhaust gases to escape through it directly into 
the atmosphere instead of being forced through the muffler. 

Cylinder en-bloc: The cylinders cast together in one piece. 

Cylinder priming cock: Same as the compression relief cock. 
Usually placed in the head of the cylinder for injecting 
gasoline. 


D 


Dead rear axle: A rear axle that does not turn. Type usually 
used on double chain-driven cars, and internal gear-drive 
trucks. 

Demountable rim: A form of rim that can be taken off the 
wheel without deflating the tire. 

Density: Compactness; mass of matter per unit of volume 
See also page 530. 

Depolarize: To deprive of polarity. 

Differential gear: See page 17. 

Direct current: Electric current where the current flows con- 
tinuously in one direction. Unlike ‘‘alternating”’ current. 
—the opposite. 

Distributor or Distributer: A special form of rotary switch, 
which directs the high-tension current to the various spark 
plugs. 

Dry battery: Called dry cells or primary cells. A series of 
primary cells which do not contain liquid electrolyte. 

Dynamo: A generator of electricity. The dynamo is usually 
used on a motor car to light the electric lights and to 
recharge storage batteries and in some instances furnishes 
current for the ignition. 


E 


Earth connection, or “ground’’: An inaccurate term when 
applied to the electric circuits of a motor car, The car 
is insulated from the road by the tires, hence the “‘earth”’ 
is not used at all. What is meant is that the framework 
of the car is used as a return conductor, so as to dispense 
with some of the wires. 


Eccentric: Two circles (one inside the other) are said to be 
eccentric when their centers are not at the same point. 


E.H.P.:Electrie horsepower (746 watts). 


Electric ignition: Any form of ignition by which the mixture in 
the combustion chamber is ignited by means of an electric 
spark. 

Electrode: The insulated part placed in the igniter of a low- 
tension system of ‘‘make-and-break”’ ignition. The center 
rod of aspark plug. 


Electrolyte: A liquid that undergoes chemical decomposition 
when an electrical current is passed through it, The solu- 
tion used inastorage battery. Is generally made by mix- 
ing sulphuric acd and distilled water in proportion of two 
parts of acid aid five parts of water. These parts are 
measured out by volume. An earthen vessel must be used 
and the solution stirred while mixing. Never pour the 
water into the acid. See “Specific gravity.” 
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Electro-magnet: If an insulated wire is wound around an iron 
core and current is passed through the wire, this is an 
electro-magnet. Sometimes the wire is wound on a spool 
made of non-magnetic material, and is so arranged that 
the core can be inserted or withdrawn as desired. This 
form is known as a solenoid magnet. 

Element: The simplest divisible conception; for example, a 
pencil may be considered as made up of several elements, 
namely, the wooden case, the lead or graphite core, the 
rubber eraser, etc.; as applied to the storage battery, see 
page 527, and Index. 


E.M.F.: Electromotive force. The voltage. 
Tension. See pages 175 and 180. 

En-bloc: Cast in one piece, as four or six-engine cylinders. A 
French term. The English expression is ‘‘in-block. 


Energy: The capacity for doing work. Passing a current of 
electricity through a storage battery causes energy to be 
stored up in a chemical form. Then this energy is taken 
off in an electric form. Winding a watch causes energy 
to be stored up in a mechanical form in the spring. 

E.P.M.: Explosions per minute of a gasoline engine. 

Exciter brush: Could refer to the third brush of a third-brush 
regulated generator, asthe current for exciting the field 
windings passes through this brush. 

Exhaust box: See ‘‘Muffler’’ and ‘‘Silencer.”’ 

Expansion: When anything becomes larger in size, it is said 
to expand. This term is usually used in connection with 
the effect of heat. For example, if a valve stem is heated 
up, it will become longer; if an engine cylinder is heated, 
the bore will become greater; if a piston is heated, it will 
become larger in diameter. 


The pressure. 


F 


Fahrenheit: A scale of temperatures usually used in English- 
speaking countries. See page 1048 

Fiber: A slender, thread-like substance, or filament; raw 
material which can be separated into threads for making 
up textile fabrics, such as brake lining, clutch lining, etc. 
Also used for insulated bases for electrical purposes. 


Field: The seat of magnetic flow, between the pole pieces of a 
generator or motor. 


Field pon: The coil of insulated wire which surrounds the field 
poles. 


Fierce clutch: See Index. 
Flash point: See page 165. 


Fliverboob: A reckless driver; the term is used in the same 
manner that the term ‘‘jaywalker’’ describes the careless 
pedestrian. 


Flux, magnetic: Lines of magnetic force that pass or flow 
through a magnetic field. 


Flywheel: A heavy wheel rotating without contact with any- 
thing save its axle, by the momentum of which an even 
running of the engine is obtained. 


Foot pound: This is a unit of work or energy. The lifting of 
one pound one foot. The same unit is also applied to 
torque. See page 1043. 


G 


Galvanometer: An instrument for measuring the presence, 
extent, and direction of an electric current. 


Garage; plural, garages: Derivation, French. The word has 
been taken bodily, pronunciation and spelling from the 
French language, in which it is a variation of the word gare, 
a station or terminal for either railway trains or boats. 
Garage, as a noun, means, in both French and English, a 
place in which motor cars are kept, and is sometimes 
applied to shops wherein motor cars are repaired. The 
verb, ‘‘to garage,’’ means the act of putting a car in the 
garage building. Pronounced with the final g soft, the 
final a open and the accent upon the last syllable. 


Gas: A substance which readily changes both shape and 
volume according to physical conditions imposed upon it, 
as, for instance, pressure and temperature which determine 
the volume. If the gas is a compound, it can be divided 
into molecules. If the gas is an element, it can be divided 
into atoms. A gas which is a compound may be divided 
into two or more gases, which are elements. Each one 
of these gases can then be divided into atoms. 


Gasoline or gasolene: English, gas; Latin oleum (oil). A 
light grade of petroleum. 

Gear box: See ‘Transmission.’ 

Gear ratio: The number of revolutions of the engine made for 
one revolution of the road wheels—this depending on 
which “‘speed’”’ or gear is in use. Thus the high-speed 
gear ratio may be 4 to 1, i.e., four revolutions of the engine 
to one of the road wheels. See Index. 

Gear set: The transmission. 

Governor: A device to regulate the speed. 


Gram: A metric unit of weight. One pound equals 454 grar 
A gram is, therefore, the 1/454th part of a pound, ree 
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Gravity: The attraction between the earth and various maiter; 
the force which causes bodies to fall, water to run down 
hill, etc. The term is usually applied to the gasoline fuel- 
feed method, where the gasoline is fed to the carburetor 
by gravity or from a higher level to a lower level; also often 
applied to the specific gravity of a storage battery. See 
also page 529. 

Ground: Connection of electric wiring to the frame of the car 
or metal part of the engine. The term was originally 
derived from the fact that with telegraph and telephone 
systems one wire was used, which was insulated from the 
ground. For the other, or return wire, to complete the 
circuit, the ground was used. A piece of wire was attached 
to an iron pipe and driven deep into the ground at each 
end of the circuit. This same principle is used in automo- 
biles. One wire is insulated from the frame or metal part 
of the car. The frame is used as the return wire. 

Gudgeon pin: The wrist pin, also referred to as the piston pin, 
the latter being the correct term. 


H 


Half-speed shaft: The small shaft, revolved at one-half the 
speed of the crank shaft by means of any suitable gearing 
—the cam shaft. 

Heat units: The unit of heat. 

Helical: Shaped as a helix. 

Helix: Aline shaped like a screw thread or a coil of wire 
(page 181), or a coil tube. 

High gear: Combination of gears ordinarily used in running. 
The highest ratio of gearing—on some cars 244 to 1, others 
3 to 41% to 1. 

High tension and low tension: See Index. 


Hydraulic: Pertaining to fluids in motion. For example, 
hydraulic analogy is often mentioned in this book, and 
refers to water. 

Hydraulic analogy: A method of explaining something by 
means of stating how water would act under like condi- 
tions. Often used in this book to show how a current of 
electricity acts in a manner similar to a current of water. 


Hydro-carbon engine: A gasoline, kerosene, or gas engine. 


I 


Idling: Refers to the engine when running slow, and the car 
is standing still. 


Igniter: Has various meanings. On ‘‘make-and-break”’ 
ignition, the part that makes the spark.. On high tension 
it sometimes means the spark plug, and others call the 
“commutator”’ or ‘‘timer”’ theigniter. The correct mean- 
ing should be the part that ignites the gas. 

Ignition cam: The small cam on the half-speed shaft which 
either causes a make-and-break of the current, or is notched 
to receive the nose of the trembler in timers of the mechan- 
ical vibrator type. 

In-block: English form of the French expression “‘en-bloc.’’ 


“Indicated” horsepower or I.H.P.: The power delivered to the 
piston inside of the cylinder; it can be measured by taking 
an indicator diagram which shows the pressure of the 
explosion in pounds per square inch. From this the mean 
effective pressure during the stroke can be calculated. 

Induced current: The momentary current set up in a circuit, 
by the proximity of wires conveying the primary current, 
but not connected with those wires. 

Induction: An influence exerted by an electrically charged 
body, or by a magnetic field, or by neighboring bodies, 
without apparent communication or connection, 

Induction coil: A step-up transformer. An apparatus through 
which the primary current is made to pass close to the 
secondary wires, thus setting up the induced, or high-ten- 
sion current. 

Inductor: See Index under ‘“‘Magnetos, inductor types.”’ 


Inertia: A property which tends to keep still bodies at rest. 
The same property also tends to keep moving bodies in 
uniform motion. For example, an automobile is standing 
still on a level road. It will require considerable effort to 
move it, because the inertia tries to keep it at rest. 
Another example: _an automobile is traveling at the rate 
of 60 m.p.h. It will require considerable effort to stop it 
because the inertia tries to keep it in uniform motion, : 


Inlet-valve cage: A housing used over an inlet valve. 


Inspiration: Means the same as “suction” or “intake,” as 
suction stroke, intake stroke, or inspiration stroke. 


Insulated: When one conductor is separated from another 
conductor by an insulator they are insulated from each 
other. In the single-wire system, the conductors con- 
nected to the negative (—) terminal of the battery are 
insulated from the car frame when the positive (+) 
terminal of the battery is connected to the frame. 


Insulation: The protection of wires, or leads b i 
: prot b some suitabl 
material which is a non-conductor of dlecteieiiaa aoe: 
Insulator: A material through which electricity cannot flow, 


for instance, porcelain, mica, india-rubber, fiber, vulcanite, 


ales, celluloid, paraffine-wax, silk, shellac, steatite, slate, 


See “British Thermal Unit.’’ 
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*Tnt’’?: When found stamped on a coil or terminal, means inter- 
rupter connection. 


Integral: The whole made up of parts. 


Intensify: To increase, to render more intense—to intensify 
the voltage (pressure) means to increase the voltage. 


Intensity coil: See “Induction coil.” 


Intermediate gear: Combination of gears intermediate in power 
and speed, between the low gear and the high gear, usually 
“second gear.” 


Intermittent: Applied to a cam on the engine, meaning that 
the motion is not steady but at intervals. 


Internal combustion engine: See Index. 


Interrupter: A device used on ignition systems for interrupting 
the flow of current in the primary winding of a coil or mag- 
neto. Also termed ‘‘contact-breaker” and ‘‘circuit- 
breaker’’ (which see, under respective headings). 


J 


Jaywalker: A careless pedestrian. 
regulations. 


Jump spark: A spark which jumps from one terminal of the 
secondary coil to the other. See ‘Induction coil.’’ 


Jump-spark coil: Another name for induction coil, spark coil, 
or high-tension coil. 


Jump-spark plug: See Index. 
K 


Kilometer: 1,000 meters, or 54 of a mile. 
Kilowatt: 1,000 watts, or 1 1/3 horsepower 


One who does not observe 


L 


Laminate: Built up of thin plates of metal, as shims or a 
“laminated core’ in armatures. 


Lapping: A term applied to the operation of grinding in or 
fitting rings, pistons, etc. 

Limousine; plural limousines: Derivation, French. A motor 
car body with a permanent top projecting over the driver 
and having a protecting front. The name was originally 
applied to a cloak worn by the inhabitants of Limousine, 
an old province of central France. It was later extended 
to the covering of a carriage, and then to one type of 
enclosed motor-car body. At present, the term often is 
applied to a complete car having a limousine body. (See 
page 5.) 

Liners: Metal plates, usually very thin, placed between two 
halves of a bearing so that by taking out a liner the bear- 
ings can be tightened. 

Lines-of-force: Imaginary lines, in the direction of which it is 
assumed that the lines of magnetic attraction and repul- 
sion pass or act. See also pages 179, 180, 250, 338. 

Liquid: Any substance which remains constant in volume, but 
readily assumes the shape of the vessel in which it is con- 
tained. 

Live: The parts connected to the negative (—) or insulated 
battery terminal are referred to as ‘“‘live’’ when the (+) 
terminal is connected to the frame of the car. 


Live axle: See page 6. 

Lost motion: Suppose that, for the purpose of towing, we 
attached a tow rope between a disabled automobile and a 
trouble car. Owing to the slack in the rope, the trouble 
car when started would move a certain distance before it 
started to pull the disabled car. This distance would be 
“lost motion,’”’. In general, when one mechanical device 
is connected to a second mechanical device (as, for ex- 
ample, two gears where the teeth are meshed), and the first 
moves a certain distance before it imparts motion to 
the second, this distance is known as “‘lost motion.’’ 
There is also lost motion between a shaft and a worn bear- 
ing, more often termed ‘“‘clearance’’ (see Index.). 


Lew speed: The ratio of gearing in a transmission for running 
the rear axle at the lowest speed. 


M 


Magnetic circuit: The complete circuit, or course through 
which magnetic lines-of-force pass from N pole around 
the circuit returning to the same N pole. See page 179. 

Magnetic field: The field surrounding a magnet through which 
the magnetism flows from N pole to S pole. 

Magneto: A device operated mechanically and driven direct 
from the engine, and which generates electric current but 
“alternating’’ instead of ‘‘direct.’’ There are two forms: 
the low tension and the high tension. 

‘“Make-and-break” ignition: Low-tension system. No spark 
plug used. 

Manganese bronze: Composed of copper, zing, and manganese. 

t makes very strong and tough castings. Forged front 
axles of this alloy are used on some American cars. 

Mechanical efficiency: The ratio between the indicated h.p. 
aud, the h.p, available for useful work at the engine shaft. 


Mechanical equivalent of heat: This is represented by the 
number 778, which is the number of foot pounds of work 
equivalent to one British thermal unit of heat. 

Mechanical valve: Applied to either the exhaust or inlet valves 
when operated by a cam or mechanical means. The 
exhaust valve is always mechanically operated,. whereas 
the intake 1s sometimes opened automatically by the suc- 
tion of the piston. 

Mechanician: A racing driver's helper. 

M.E.P.: See page 1044. 

Mesh: Usually applied to the meshing of the teeth of two gears; 
for instance, the teeth of the large half-time gear, in Fig. 
82, page 52, (G2), meshes with drive gear (G1) on the 
crank shaft. 

Misfiring: Term applied to missing of one of the spark plugs. 

Molecule: The smallest divisible part of a chemical compound. 
Iron or steel is said to be made up of molecules, They 
may be considered as little magnets. See Index. 

Mono-block cylinders: Another name for in-block, or allin one 
casting. 

Motor; The engine or motive power. Technically it refers to 
an electric motor, and should never be used when referring 
to the engine, 

M.P.H.: Miles per hour. 

Muffler: A device used to muffle or silence the noise of the 
exhaust gases passing from the exhaust valve of an engine. 
See page 48. 


N 


Negative pole—minus sign: The point to which the current 
returns after passing through the circuit. Designated 
thus: (—) 

Nickel: Used in the form of an alloy with steel, viz., nickel- 
steel. For exhaust valves a high percentage (20 to 25 per 
cent) nickel steel is the most suitable material, as it 
effectively resists the intense heat and oxidizing action of 
the exhaust gases. Nickel is now the standard material 
for spark-plug electrodes. 

North pole: The pole of a magnet from whence the lines-of- 
force start. 


Oo 


O: A small (°) placed alongside of a figure expresses degrees. 
See Index for meaning of degrees. 

Ohm: A unit of electrical measurement of resistance. The 
resistance that an electric current meets in flowing through 
a conductor is measured in ohms. 

Open circuit: If a conductor is broken, or if it becomes loose 
from its connection, the electrical circuit is open and no 
current can pass. 

Oscillate: To swing back and forth like a pendulum. ‘A con- 
necting rod has an oscillating movement. The word also 
refers to the action of a condenser of an ignition system 
where the electric current oscillates when the condenser 
isin action. See page 191. 

Oscillating discharge of condenser. See page 191. 

Otto, or four-stroke “‘cycle.” is an expression often used in con- 
nection with gasoline engines. It means that the power is 
developed during a complete cycle or four strokes, the 
principle first adopted in the Otto gas engine. The com- 
plete cycle comprises four distinct operations, one oecur- 
ring at each half-revolution or every stroke of the piston: 
thus (1) suction stroke, (2) compression stroke, (3) impulse 
or firing stroke, and (4) exhaust stroke. 


P 


Parabolic: Pertaining to, or formed like a parabola. 
the conic sections. See also page 436, 

Periphery: That part of a wheel or disk farthest from its center. 
The circumference. 

Permanent magnet: A magnet made of hard steel that pos- 
sesses magnetic power and tends to retain it. 

Pet cock (also called relief cock and compression cock): A small 
valve usually placed in the head of a cylinder or on the 
carburetor. 

Petrol: Gasoline. 

Phosphor-bronze: An alloy mainly consisting of copper and 
small proportions of tin, lead, and phosphorus, the pro- 
portion of the latter being very small. It is a very tough 
hard-wearing alloy. Largely used for engine bearings. 

Pinions: Gears that have the teeth cut right in the hub. 

Platinum: This very expensive metal (price ranging from $30 
to $40 per oz., according to the market) is used for the 
contacts of the magneto. It is practically infusible (it has 
a very high melting point) and non-corrodible, and thus 
effectively resists the burning and oxidizing action of the 
electric spark, It is also used for the “leading in’ wires 
of the electric bulbs used for car lighting, as its ratio of 
expansion (due to heat) is the same as glass. Sparking- 
plug electrodes are, in a few instances, also made of it. 
Tungsten is now extensively used instead, 


One of 
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Polarity: Refers to the North or South pole of a magnet; the 


positive or negative terminal of an e ectric circuit. 


Poppet valve: The word poppet, probably is a corruption of the 
name puppet applied to this type in England, on account 
of its resemblance to the popping up and down of the 
puppets in the old-time Punch and Judy shows. 


Porcelain: The insulating material of the spark plug. 

Port: Openings in the cylinder for exhaust, inlet, water, or 
valves, : 
Positive pole: Usually indicated with a plus sign (++), means 

the positive terminal, or wire from which the current 
starts in an accumulator or dynamo. The carbon terminal 
of a primary or dry battery 1s positive. 
Potential: Refers to ability to exert electrical energy. 
expressed in terms of volts. 
Potential difference: Difference of electrical pressure which 
causes an electric current to flow. See also page 175. 


Potential drop: Loss of electrical pressure. See also page 175. 

Precision: Accuracy. 

Pre-ignition: Ignition occurring earlier than intended. 

Primary battery: A series of either wet or dry cells depending 
upon chemicals for the generation of electricity, without 
charging from a dynamo or other battery. 

Primary wires: The wires, or leads, conducting the primary or 
low-tension current to the place, or places, where it is 
required for use. 

Propeller shaft: The drive shaft from the transmission to the 
rear axle. 


Usually 


Q 


Quadrant: Usually applied to the quarter-circle on which the 
spark lever and throttle lever is attached on the steering 
wheel. 


R 


Reciprocating: A back-and-forth movement applied to the 
action of the pistons in the engine. 


Rectifier: An electrical device for changing alternating into 
direct current, 


Relay: An electrical device usually termed a 
“Cut-out, electric” in Index. 

Resistor. See pages 547, 554, 564. 

Retard: A decrease in the speed. Usually applied to “retard- 
ing the spark,” meaning to set the timer back so that the 
ignition will be later or slower. 


Rotary: Revolving motion; opposite of reciprocating motion. 
Rotary valve: See page 52. 
R.P.M.: Revolutions per minute. 


Rubber: For tire construction rubber supplies come from 
various parts of the world. Among the finest grades is 
the well-known ‘‘Para’”’ or Brazil rubber. South America 
rubber generally is considered very good, but excellent sup- 
plies now come from Borneo, India, Ceylon, Federated 
Malay States, and, in fact, many other tropical lands. 

. Pure rubber lacks certain important physical characteris- 
tics indispensable for tires, such as stability under change 
of temperature, Pure rubber becomes soft under the 
influence of heat, and hard and brittle when subjected to 
cold. The process of vulcanization renders the rubber 
proof against heat and cold, and also renders it tough and 
resilient, so as to possess ‘‘life’’ and vibration-absorbing 


‘ 


‘cut-out.’”’ See 


properties. 
Ss 
Scored: Marred by ridges or grooves. Usually referred to in 
connection with cylinders, 


Seats: That part of the chamber upon which the valve rests. 
Applied to the valve in the engine. 

Secondary battery: A storage battery. 

Secondary coil: The winding in which the high-tension current 
is generated, which is quite distinct from the primary cur- 
rent. 

Seize: As applied to the automobile, this refers to the piston, 
as when it is said that the “piston seizes” or sticks to the 
wall of a cylinder when unduly heated as a result of expan- 
sion. It also applies to the bearings when they “‘seize.’’ 
Generally caused by lack of lubrication or too tight a fit 
of the piston. 

Shim: Thin sheets of paper or metal which are used as spacers 
to regulate the distance between two objects, such as two 
halves of a bearing. See pages 36, 783. 

Short-circuiting: Providing a shorter path; placing a wire or 
other conductor from positive to negative side. 

Shunt: To turn aside or branch off. See also Index. 

Silencer: See ‘‘Muffler.” 

Sleeve valve: See page 88. 


Solid: A substance which does not readily change either shape 
or volume. 


Solenoid: An electromagnetic helix. See page 181. 

South pole: The pole of a magnet where the lines-of-force flow 
into it. 

Spark: The spark which passes between the points of the 
spark plug. ; 

Spark coil: A coil through which electric current is passed and 
intensified. 

Spark control lever: The lever on the steering column (usually 
the short one) attached to the timer. 

Spark gap: A safety device on a magneto to prevent the arma- 
ture windings being strained or short-circuited owing to a 
faulty spark plug or wiring circuit; also applies to the gap 
between the points of the spark plug. 

Spark plug: A device consisting of two electrodes separated 
by an air-gap and used to obtain a spark from high-tension 
electricity, thus igniting a charge of gas. See pages 
188, 233. 

Specific gravity: The relative weight of a substance as com- 
pared to water at 4°C. Thusifa cubic foot of a substance 
weighs twice as much as a cubic foot of water, the specific 
gravity of that substance is 2. See page 530. 


Spelter: Zinc; used for brazing, etc. 
Starting crank: A crank for starting the engine. 


Starting plug: A small brass plug which fits into an opening on 
the dashboard and closes the circuit. When removed, the 
circuit is broken. 


Streamline body: See Index. 


Stroke: Usually referred to as the stroke of an engine, meaning 
the length of the up-and-down motion of a piston. 


Stroke of engine: See page 48. 
Studs: Bolts, with threads cut on both ends, screwed into 


engine cylinders to fasten them to the base; also used to 
fasten down cylinder heads. 


Substance: Refers to any type of matter, such as solids, liquids, 
or gases. ‘ 


Suction: Assume two tanks A and B. In tank A, we have any 
kind of gas such as air, gasoline, vapor, etc., at a pressure 
of 20 lbs. per square inch, while in tank B, we have a gas. 
at a pressure of 10 Ibs. per square inch. If we now con- 
nect the two tanks with a pipe, it is obvious that gas will 
flow from A to B, that is, from the high pressure to the low 
pressure. In this case, since B has a lower pressure than 
A, we should consider that B exerts a suction on A. In 
ordinary usage, we consider that suction exists when the 
pressure is lower than atmospheric pressure. hus if 
we had gasin tank B which was at a pressure less than 14.7 
lbs. per square inch, and opened a valve in this tank, air 
would rush into the tank and we should consider the tank 
as exerting a suction on the air. (See ‘“Vacuum.’’) 


Symbols: See Index. 
Synchronization: The act of synchronizing. 


Synchronize: To cause to happen at the same time. To time 
two or more sparks to occur exactly at the same instant, or 
at a similar period in a given cycle of operation. To set 
the distributor brush on contact with a spark-plug terminal 
at the same time that the contact-breaker is made to open 
PP ee the ignition, for example; termed ‘‘synchroniza- 
ion. 


Synchronous: Happening at the same time. For example, om 
an ignition system, where a distributor and contact- 
breaker are used, the contact points of the timer are made 
to open or close at the same time that the distributor 
brush makes contact with a spark-plug terminal. See 
page 195. 


if 


Tappet: A push rod connected between the cam and valve; 
also termed a plunger. 

Thermal efficiency: The ratio of work actually done, when 
expressed in heat units, to the total heat supplied in the 
fuel that enters the combustion chamber is always less 
than 100 per cent. For example: Suppose we introduce a 
pound of gasoline (approximately .8 pint) into a cylinder. 
This amount of gasoline contains about 19,000 B.T.U.’s 
(see ““B.T.U.’”). Now suppose we received from the crank 
shaft, during the consumption of this pound of gasoline 
an amount of work equal to 4,424,600 foot pounds of work. 
One B.T.U. is a unit or quantity of heat, therefore energy, 
and by experiment has been found to be equal to 778 foot 
pounds. The 4,424,600 foot pounds of work we received 
from the crank shaft could be expressed as 


4,424,600 


77g OF §700 B.T.U. 
The thermal efficiency of the engine would then be 5,700 
B.T.U. + 19,000 B.T.U., or 30 per cent thermal efficiency. 


Third brush: Refers to an auxiliary brush used for the purpo 
tae 8 

of exciting the field-windings. It is so placed on the Boni 
mutator in relation to the main brushes that it serves to 
regulate or govern the current output of the generator. 
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Throw: Usually referred to as the crank, or the part where 
ee end of the connecting rod attaches to the crank 
shaft. 


Timer: Refers to the ignition commutator. 
referred to as the 
breaker.’’ 


Timing gears: The gears connected with the crank shaft of 
the engine and the cam shaft, which, when timed or 
meshed correctly, cause the valves to open and close at 
the correct time. 


Toe-in: Refers to the “‘toe-in” of the front wheels, at the front» 
opposite the hubs. See page 906. 


Tonneau (plural Tonneaux): Derivation, French word mean- 
ing a barrel; a wooden vessel formed of staves and hoops 
and made to contain a tonneau (1,000 kilogrammes) of oil. 
Later, a horse-drawn carriage, known in England as a 
governess car, having a rear entrance. A similar type of 
body was first applied to a motor car by M. Huillier, of 
Paris, and by reason of its resemblance to a barrel and to 
the horse-drawn tonneau already existing, was known as a 
tonneau. 


Torque: The word torque is a definite one and means the same 
whether referring to automobiles or to any other piece of 
mechanism, and means the twisting or wrenching effect 
produced by the engine or motor: See also page 1043. 


Touche: The small plug used in the switch to complete the 


Agnitic ¢ Also often 
ignition interrupter’ or ‘‘contact- 


electrical circuit when required. (French.) 
Transformer: Another name for a high-tension coil. An 
electrical device for transforming the current from a low 


tension to a high tension. An induction or secondary or 
high-tension, double-wound, coil. 


Transmission: A system of gearing for reducing the ratio of 
the driving member (engine crank shaft) to that of the 
driven member (rear axle) of an automobile. 


Trembler: The small vibrating spring used for making and 
breaking the primary circuit of a coil. 


Tube ignition: A small tube, usually of platinum —having its 
outer end closed—is screwed into the combustion chamber. 
This tube is so placed that the flame of a blow-lamp, gener- 
ally supplied from a separate and small tank of gasoline 
acts upon it and causes it to become incandescent, An 
old method of ignition now out of date. 


Tuning an engine: Extreme care and special adjustment—as 
tuning up a car for a race, ete. 
Two-to-one gear: The gearing, usually consisting of two-gear 


wheels, one having exactly double as many teeth as the 
other; also called ‘timing gears’’ and ‘‘half-time gears.’’ 


Vv 


Vacuum: Exists where there is absolutely no pressure. A 
perfect vacuum has never been made. In connection with 
the automobile, this word is used to define a pressure less 
than atmospheric pressure, that is, a suction. he vacuum 
in a cylinder means the suction; a vacuum tank is a suc- 
tion tank. (See ‘‘Suction.”) For example, when the 
piston of an engine starts down on suction stroke, a vacu- 
um is created within the cylinder because the pressure 
in the cylinder becomes less than atmospheric pressure; 
therefore the atmospheric pressure behind the gas in the 
carburetor pushes it into the cylinder. Thus it will be 
noticed that the piston does not draw the gas into the 
cylinder, but serves to decrease the pressure in the cylinder 
so that the atmosphere can force the gas into the lower 
pressure of the cylinder. 


Valve lifter: An additional lever by means of which the 
exhaust valve may be raised and kept out of action, thereby 
reducing the compression and preventing the creation of a 
vacuum within the cylinder, so causing the inlet valve to 
remain closed. Used extensively on aero and stationary 
sacehne engines. This term also applies to a “valve spring 

ifter. 


Vaporizer: An early form of carburetor valve. 
is also a means of heating the fuel. 

Venturi: Applies to the mixing’ chamber of a carburetor; 
Venturi shaped. See page 98. 


The vaporizer 


Viscosity: The adhesive or glutinous characteristic of oils used 
for lubrication. 


Ww 


Water: Composed of two parts hydrogen and one part oxygen. 
Its greatest density and the point at which it occupies 
least space is at 39° F, 

Watt: The unit of electrical power obtained by multiplying 
volts by amperes. 

Wet-cell: A battery using a liquid solution. 

White metal or anti-friction metal: An easily fusible alloy of 
lead, antimony, and tin used for “lining” re-metalling 
bearings. 

Wind resistance: Increases in proportion to the “‘square’’ of 
the speed: thus at 20 miles per hour it is four times what 
it is at 10 miles, and at 30 miles per hour nine times, and 
so on. 

Worm gear: A device for transmitting power, consisting of a 
screw as the driving member, which engages with a toothed 
wheel as the driven member. See pages 7, 17 ‘‘Worm 
gear’; see page 956, ‘‘Worm-gear ratio.’’ 


English-French Dictionary of Some of the Motoring Terms 


Amimeters .. 2 7.0:2% Amp6éremétre SEVIS od peoetoleionsaod 
ATMGCUTe® Gy. eras Induit Ignition advance. .. 
Automobile (small) , Voiturette Insulation)... 2. . 
ett die Bee oe eke S Essieu ACK DMN os oar ees 
Blacksmith....... Forgeron Jet (carburetor).... 
Carburetor... .4..° Carburateur Lamp.... 
Clutch pedal: . ..: Pédale de débrayage Lamp oil.......... 
Copper wire....... Fil de cuivre Lamp wick........ 
DDSI teen cic eae) ele Chauffeur ink«(chain)cen.... 
Electricity. .......Electricité Magneto, ounce. os 
CIO GANAVG gel stle ne teste yore Engin Magneto ignition... 
Hxplosion:......1.- Explosion ETT sank 6 aot ta 
French chalk..... Tale ; IMistine Senae ttc 
Mullispeédss core. Toute vitesse IN GUL gee ere se eytrtea 
Funnel...........HEntonnoir Nuts here tonnes uch 
Gras rieata scree too Gaz Odometerters imi. 
Gasoline ne weno Essence de pétrole (Oi tio umieatry nie 
Generatorwe. ene Gén6érateur Oilzcanigye 2. nate 
Grease mean. cs ace Graisse Overheating....... 
Jelepobaeee ea ee eho Marteau Pressure (high)... . 
iced sien. a Capote Pressure (low)..... 
jaleyanle 2 yn Aah eats Corte WOOD eet meat 
Horn bulbo=.. =... Poire Radiator. ,....... 
Horn reed® .. 0.0 Auche Aba ore cage hn ahah eet 


Moyeu Roper Corde 
L’allumage& avance Screw............Vis 
Isolation Shipite, sees tee neee Arbre 
Crie Speedie te an tani ae Vitesse 
Gicleur Speed (high)....... Vitesse grande 

. Lampe Speed (low)....... Vitesse petite 
Huile & bruler Start tose steeee Partir, démarrer 
Mé6éche SLOOE: UOniccee teeters Diriger 
Maillon Steering gear...... Direction 
Magnéto DS witchissn eres Interrupteur 
Allumage par magnéto Terminal.........Borne 
Carte Tire (rubber)...... Caoutchoue bandage 
Rate ools:. se vcnte cae Outils 
Clou Universal joint..... Cardan 
Ecrou Valve seat........Siége de soupape 
Odométre Valve, single....... Monosoupape 
Huile VASO 0. Riise ee Etau 
Burette Voltmeter........ Voltm6tre 
Surchauffage Vulcanized........ Vulcanise 
Haute pression Water circulation, .Circulation d’eau 
Basse pression Weight sa. cnet etss Poids 
Pompe Wheel etm. erate Roue 
Radiateur Wire... i 
Jante Wirenchre eats ree Clef 


INSTRUCTION No. 85 


THE MODEL “T’? FORD: Principle of Construction; Operation; Care and 
Repair; Useful and Instructive Hints and Suggestions 


FORD PRODUCTS 


These consist of the following: 
1. Touring car. 
2. Runabout. 
3. Coupé. 
4, Sedan. 
5. Chassis. 
6. Truck (see page 912 “Ford truck”). 
7. Tractor (see page 990 “Fordson tractor’’). 

Ford touring car: Five-passenger. May be purchased either 
with or without Ford electric starting and lighting system, and 
with or without demountable rims. Demountable rim equip- 
ment includes 30” x 314” non-skid tires all around, extra rim 
and tire carrier. Price, without electric starting and lighting 


system, $348.00; extra for the same with demountable rims, 
$95.00. 


Ford runabout: Two-passenger. May be purchased either 
with or without Ford electric starting and lighting system, and 
with or without demountable rims, Demountable rim equip- 


ment includes 30” x 314” non-skid tires all around, extra rim 
and tire carrier. Price without electric starting and lighting 
system, $319.00; extra for the same with demountable rims, 
$95.00. 


Ford coupé: Two-passenger. Standard equipment includes 
Ford electric starting and lighting system, demountable rims, 
non-skid tires all around, extra rim and tire carrier. Interior 
finished in grey whipcord. Permanent top with sliding plate- 
glass windows. Price $580.00. 


Ford sedan: Five-passenger. Standard equipment includes 
Ford electric starting and lighting system, demountable rims, 
non-skid tires all around, extra rim and tire carrier. Interior 
finished in grey whipcord. Permanent top with sliding plate- 
glass windows. Price $645.00. 


The. Ford chassis: Chassis equipment includes hood for 
motor, front fenders, running boards with running-board 
shields, headlights, tail light, horn, and set of tools. Ford 
dealers are able to supply the type of light delivery body re- 
quired for your business. Chassis may be purchased equipped 
with or without Ford electric starting and lighting system and 
with or without demountable rims. Price without electric 
starting and lighting system, $285.00; extra for the same with 
demountable rims, $95.00. 


GENERAL DATA AND INFORMATION ON THE FORD 


Engine Numbers 


Cars are recorded by engine numbers, rather than by car 
numbers, and the numbers of the engine and of the car are not 
the same. 


PYG anal Oe of et es cea 88,900 to 171,300 
Ae Rote teeta eae 171,300 to 370,400 
Oi eos se ncd ee anther teatons 370,400 to 611,000 
LOWS Rane tageeanerce tt las 611,000 to 1,029,200 
POUG rte G aeek uechonne & 1,029,200 to 1,614,600 
HO) Be Acie Ronn oN en aR 1,614,600 to 2,449,100 
1918... . 0.25.60, ts -2)449,100 to 2,831,400 
TONE) Go Shiot, BO) a noenooe one 429,400 


These numbers are stamped on the left-hand side of the 
cylinder block, above the inlet hose connection. 


Engine 


Bore, 334’; stroke, 4’; piston displacement, 189 cu. in.; 
piston rings (3), 334’’ x 14”; valves: diameter, 119’; valve 
clearance 1/32”; firing order, 1, 2, 4, 3; timing gears: 


GAME SCAT ca cicede er RS 42 teeth 
cam gear, diameter,...... § 1/3 in. 
crank-shaft gear......... 21 teeth 


crank-shaft gear, diameter .2 2/3 in. 


Ford Torque and H.P. Table 


Speed in miles per hour 


RP es (Cae Track Pounds Torque Horsepower 
300 VS 4 35) 2 
400 10 525 $7 45 
500 2s; 6 55 69 65 
600 15 79 13 85 
700 175 92 78 10.40 
800 20 10 50 81 12) 33 
900 225 11 89 83 14.20 
1000 ce 13 18 62 15 60 
1100 75s “14 50 81 16.66 
1200 30 15 80 79 18 20 
1300 2005 17 10 77 19 
1400 35 18 4S 73 19.66 
1500 $75 19 75 70 20 
1600 40 21 0S 65 20 
1700 425 22 40 60 19 40 

| 1800 45 23 78 53 18 20 
4900 47 17 


The words “Pounds Torque” above should be ‘‘Foot Pounds 
Torque. 


The torque and horse-power figures given above were 
obtained with a wide-open throttle. They represent only 
the maximum power that can be developed at the given speeds. 
As the throttle is seldom wide open when driving the car, the 
speed is ey indicative of the horsepower the engine is 
developing. otice that the torque (pounds pull) begins to 
drop off at 900 r.p.m. The engine exerts its greatest pull at 


this peed (900 r.p.m.). See also page 1043, ‘Torque, mean- 
ing of. 


Cooling System 


_ Thermo-syphon principle: Radiator capacity including 
jackets, 12 quarts, formerly 11 quarts; not including jackets, 
8 quarts, formerly 7 quarts. 


Radiator hose: Inlet, 134, 3-ply, 214” long; 


outlet 2” 
internal diameter, 4-ply, 314” long. 


Hose bands are 214” and 214” inside diameter. 


Gear Ratio 


Rear axle ratio: The drive pinion gear has 11 teeth; 
driven differential ring gear has 40 teeth; therefore 40+11= 
37/11 (or 3.63). Thus on high gear or direct drive, the engine 
anne shaft turns over 3 7/11 (or 3.63) times to 1 of the rear 
wheels. 


the 


On low gear the total gear reduction is 9.99 to 1. 
On reverse gear the total gear reduction is 14.5. 
See also pages § and 9; “‘Gear ratio, how to compute.”’ 


To find the speed in miles per hour: 


Eng. Speed | Mi. per Hr. | Mi.per Hr. | Mi. per Hr. 
per min. Reverse 1st Speed | High Speed 
500 3.892+- 5.589— 12.295-++ 
600 4.761+ 6.706— 14.754+ 
1,000 7.784+ 11.178— 24.590-- 
1,500 11.676+ 16.767— 36.885-++ 


Engine speed per mile: The crank shaft of a Ford car makes 
2,446 revolutions in one mile on high speed, and when running 
at arate of 22 m.p.h. it turns over 897 times every minute. 


Overall Dimensions 


Model Height | Width Length 
Touring. ii Me | GRU Ate 
Runabout....| 6’ 9’” BY yy iby Hee?) ven 
Sedan....... 6’ 9” 61-7 Ye" | Al? 2467 
Coupee 6’ 9” Ta al al oat 
Chassis tee. Aglaia eter. 5° 714” | 10’ 87 


Truck Chassis |it.. s..0 


12! gr 
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INSTRUCTION No. 85 


re ee Se ee ee ee Se 


Shipping Weights 


Touring A .,.1,500 Ibs. Engine and trans. .380 Ibs. 
Mourning ween 1,580 Ibs. Runabout body... .300 lbs. 
Runabout A..... 1,390 Ibs. Touring body...,. 415 lbs. 
Runabout B..... 1,480 lbs. Coupe body....... 450 lbs. 
Sedan Bere. ylssco lbs Sedan body....... 600 lbs. 
Coupe Bessa. 1,685 lbs. 
Chassis A....... 1,060 lbs. 
Chassis B....... 1,080 lbs. 


A=without starter equipment; B=with starter equipment; 
add 18 lbs. if equipped with demountable rims; if equipped 
with 5 demountable rims, add 29 Ibs. 


Space for Housing a Ford 


The smallest garage measurement for housing a Ford, and 
which will allow 2’ 214” on the sides and 2’ 434” play at each 
end, would be 10’ wide, 16’ long, and 8’ high. 


Gasoline Tank Gauge and Measurements 


A good idea for a simple gasoline gauge for Ford gasoline 
tanks is to get an 18” flat rule, marked in inches and fractions 
thereof. Coat it with plumbago by applying the domestic 
stove-pelish brush. If you insert this rule vertically into the 
tank, right down to the bottom—the car being level—the gaso- 
line will leave a mark on it. The quantity can be gauged by 
marks on the rule. 


Gallons Square Tank | Round Tank | Oval Tank 
pe eee chau 3/4" 7/324 eT AlG, 4 
DS see CN ee 1/28 296! 2 BY) Tay 
AS en ee iosigs Rae 21/4” See 2a /falOre 
Gil ROAR OOo Bi 4 11/32” 3 By” 
LN. seach cy leap 3 3/4” ys 4 5/16” 
GF 5 cn arteee ernest 41/2” 5 29/32” De 
Tec oeeaeenoee omnly/A 63/44 DS LL/16% 
LL ae Sener a 7 11/16” 6 / Lom 
MM neice oe 6 3/4” 8 23/32” SYA 
Note. While the round tank dimensions vary considerably 


for each gallon, it will be noted that in the square tank each 
three-quarters of an inch represents a gallon. The oval tank 
may be roughly estimated by one and one-half inches for the 
first gallon and three-quarters of an inch for each additional 
gallon up to nine. 


Magneto Speed and Voltage 


The Ford magneto varies in voltage, amperes, and cycles 
with the speed of the engine. The table below gives the varia- 
tion compared to the speed in the engine and the speed of the 
ear and truck: 


Miles Per Hr. 


R.P.M Volts m |Cycles 
Car | Truck jgeues| 
ZOO: Fe. sees 5 2.63 5 6.1 26.4 
400.. 10 5.26 9.8 7.9 52.8 
G00) a 15 7.89 | 14.4 8.5 80.0 
S00) Rese ce 20 10.52 | 18.8 8.8 | 106.4 
1,000 . 25 13.15 | 22.8 8.9 | 146.4 
1,200 . 30 15.8 26.2 9. 160.0 
Brakes 


Brakes on the hub of the rear wheels have cast-iron shoes, 
size 7 14’ x 15/16” x 1%”. Brakes are controlled by a side-hand 
lever, The brake on the transmission is controlled by the foot. 


The size of the brake, low speed and reverse drum lining on 
the transmission can be 5/32” or 11/64” thick, 114” or 1 3/16 
wide, and 23 5/16” or 2334” long. 


Prices of Ford Cars from 1909 to 1922 


s! ure 2 ist 2 3 “4 
Senay Be Pet ae ecm 
as | eles}al[a] 2 | 8 /a 
a aL ab fe a 
1909 Re ng ae eee $850|$825|/$...|$...|$ 950/$1,000/$... 
1910. ee eee 9501900) s..f, . (el 050]/ 1200/5. 
PO Tee ie tac ances ene 780] 680 eee OO 5.200 
VOT OO satis ce cet ote cote 690] 590 BA eeeReIO 900 
LOW SHE ee ee ee 600} 525 er. 740 
PON a een bee ee 490) 440 .| 975 750 690 
LAS ESR oe eee. & ou atts 440] 390] 360] 740 590 640 
ho Ne eee RES oy iS tS Puce 360] 345] 325] 640 505 595}... . 
LOL, eta 360] 345] 325} 645 505 mea 1000. 
LOTS. Peciterd ere Shas oe 525} 500] 475] 775 650 Pe esou: 
DOW OR ep ieewe yh . cparncvs ene 525| 500] 475] 775 650 ee | oO) 
LODO a tt. haan 575| 550] 525] 975 850 een 600 
1920... eertyere eee 575| 550} 525] 975 850 me O40) 
£920) ieee ace a: a 440] 395) 360} 795 745 . | 645 
£OZL anh) eee ee 415] 370} 345) 660 595 -| 445 
1O21 (Senta) ssa 355] 325] 295) 660 595 ..| 445 
1929 Bates ye ee 348} 319] 285] 645 580 .| 430 
Note. The prices for 1921 and 1922 are without the electric 


starting and lighting system or demountable rims on the tour- 
ing car, roadster, and chassis; extra for these, $95. Price of 
coupelet and sedan includes the electric starter and lighting 
system and demountable rims. The price of the truck is 
without electric starting and lighting system; extra for these, 
70.0). The terms coupelet and coup6é refer to the same style 
of car. 


OPERATING AND LUBRICATING A FORD CAR 


Before attempting to start the engine, sce that 
the hand-brake lever is pulled back. This hand 
lever disengages the clutch and applies the brakes 
at the rear hubs, so that the car will not travel for- 
ward when the engine is being cranked. 


SPEEDOMETER 
CARBURETOR DASH 
ADJUSTING NUT 
COIL BOX 


WIND 
SHIELD 


HAND LEVER 
SWITCH x 
CLUTCH PEDAL _“* > 
BRAKE PEDAL 


REVERS 
PEDAL 5 


RUBBER MAT. 


SWITCH LEVER 
SWITCH KEY 


Fig. 1. Control members and parts as viewed from the seat. 

Be sure to retard the spark lever, that is, move 
the lever on the left-hand side of the steering column 
upward, or toward the front of the car, as far as it 


will go... (When speaking of the right or left-hand 
side of the car, it is always considered that one is 
sitting in the driver’s seat and facing forward.) 


THROTTLE LEVER 

PUSHED DOWN 

OPENS CARBURETOR 
anp SPEEDS ENGINE 


SPARK Leven f 
MOVED DOWN 

ADVANCES TIME 
OF SPARK 


The throttle lever, on the other side of the steering 
column, should be pulled downward about five or 
six notches from the extreme forward, or closed 
position, 


Now close the switch on the coil box, that is, 
move the switch key all the way over to the “mag.” 
mark on the cover of the switch. If the switch key 
is moved over to the battery side, the engine cannot 
be started. The cars are not fitted with batteries, 
and this connection is left on the switch only in case 


(at some future time) you should wish to equip your 
car with batteries for starting. 


a 
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_ Priming: With present-day grades of gasoline, it 
is usually necessary to prime the engine while it is 
being cranked. Priming shuts off some of the air, so 
a richer mixture of gasoline vapor is drawn into the 
carburetor. 


_ This priming is done by pulling forward a small 
ring on the end of a wire that projects out through 
the radiator at the front. This priming ring must be 
held out, at the same time that the engine is cranked. 


Cranking the engine: Grasp the starting handle 
firmly with the right hand, and push the starting 
crank in as far as it will go, feeling for the ratchets 
which the starting crank should engage. Hold the 
priming ring out with the left hand, and pull the 
startin, crank up quickly. 


The crank should be kept pushed in, while the 
handle is being pulled up. This requires a certain 
knack that is soon acquired by practice. If not 
pushed in, the crank will slip out of the notches, and 
the sudden release may throw the driver off his 
balance. 


The crank should be pulled up sharply. Slow 
pulls are of no value, for, unless the engine is turned 
over quickly, the magneto will not give enough 
current to make a good spark. 


Starting the Car 
Speed up the engine a little by opening or moving 
the throttle lever toward you, a couple of notches. 
Also, advance the spark to a normal running posi- 
tion, about five to seven notches, from the front of 
the quadrant. 


Place one foot on the foot brake, which is the 
pedal farthest to the right, so that. you will always 
be prepared to stop; accidents may thus be pre- 
vented. Place the other foot on the clutch pedal, 
which is the farthest one to the left. Hold it in 
about mid-position, that is, do not push this pedal 
all the way down, or let it come back all the way. 


Now grasp the hand-brake lever handle with the 
left hand, having the palm of the hand turned 
toward the outside of the car and the thumb turned 
downward, so that the thumb can be used for dis- 
engaging the latch. This may seem awkward at 
first, but it is the way this lever is intended to be 
operated. Now, pull back on the handle, then 
press the latch with the thumb. It is easy to release 
the latch, if one pulls back on the lever first. Now 
hold the steering wheel with both hands, and push 
the clutch pedal forward slowly, until the car begins 
to move. At the same time that the clutch pedal 
is pushed forward, push the side hand lever forward 
as far as it will go, so that the clutch pedal may 
return to “high’’ when the car is under way. 


Gradually push the clutch pedal harder until you 
feel that there is no slipping in the low-speedgear 
and then speed up the engine so that the car is 
traveling at from 8 to 10 miles an hour. 


Let the clutch pedal come all the way back quickly, 
and your car will be in high gear. Practice will 
teach you how to make the change from low to 
high gear smoothly and easily, without jerk to the 
passengers or strain on the mechanism. 


Reversing the Car 
Pull the hand-brake lever back just far enough to 
draw the clutch pedal forward and disengage the 
clutch, but do not pull the brake lever back far 
enough to engage the rear hub brakes. 


Place one foot on the brake pedal, for use if neces- 
sary, and press gently on the middle, or reverse 


pedal. Do not attempt to drive backward rapidly 
at first, for the steering is very likely to be confusing, 
and it is not easy to drive backward in a straight 
line. After the driver has become more experienced, 
he can reverse by holding out the clutch with the 
clutch pedal, and using low speed forward asa brake. 


Stopping the Car 


Partially close the throttle; release the high speed 
by pressing the clutch pedal forward into neutral; 
apply the foot brake slowly but firmly until the car 
comes to a dead stop. 


Do not remove the foot from the clutch pedal 
without first pulling the hand lever back to neutral 
position, or the engine will stall. 


To stop the engine, open the throttle a trifle to 
speed up the engine and then throw off the switch. 
The engine will then stop with the cylinders full of 
explosive gas, which will naturally make the next 
start easier. 

Spark Control 


The left-hand lever under the steering wheel is the 
spark lever. Good operators drive with the spark 
lever advanced just as far as the engine will permit. 
But if the spark is advanced too far, a dull knock 
will be heard in the engine, owing to the fact that. 
the explosion occurs before the piston has completed 
its compression stroke. The best results are ob- 
tained when the spark occurs just at the time that 
the piston reaches its highest point of travel—the 
gas being then at its highest point of compression. 
The spark should be retarded only when the engine 
slows down on a heavy road or a steep grade; but 
care should be exercised not to retard the spark too 
far, for when the spark is “late,” instead of getting 
a powerful explosion, a slow burning of the gas, with 
excessive heat, will result. Learn to operate the 
spark as the occasion demands. The greatest 
economy in gasoline consumption is obtained by 
driving with the spark advanced sufficiently to 
obtain the maximum speed. 


How Speed of Car is Controlled 


The different speeds required to meet road con- 
ditions are obtained by opening or closing the 
throttle. Practically all the running speeds needed 
for ordinary travel are obtained on high gear, and 
it is seldom necessary to use the low gear except to 
give the car momentum in starting. The speed of 
the car may be temporarily slackened in. driving 
through crowded traffic, turning corners, etc., by 
“slipping the clutch,” i.e., pressing the clutch pedal 
forward into neutral. 


Oiling Engine and Transmission 
Oiling is most important, and is taken care of by 
pouring oil through the breather pipe on the front, 
end of the engine base on the right side. This pipe 


Oil level. 


Big. os 


is covered by a metal cap, which can be easily 
pulled off, when oil is to be poured into the crank 
ease. The lubrication of the engine is explained on 
page 159. See page 1137 for one method of cleaning 
the oil pipe. 
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When the engine is new: Pour in oil until it runs 
freely out of the upper petcock in the engine base 
(1) (Fig. 3). Be sure to close this petcock, for if it 
is left open, the action of the flywheel will splash all 
of the oil out through this petcock and the bearings 
will be ruined for lack of oil. 


After the engine has been limbered up. The 
best results will be obtained by carrying the oil 
level about midway between the two petcocks— 
but under no circumstances should the oil level be 
allowed to get below the lower petcock. 


Testing the oil level: Open the upper petcock. 
If oil does not drip out, open the lower petcock. If 
oil drips out, then there is enough oil for a short 
distance, but it is better to put more oil in if 
the car is to be driven a considerable distance. It 
is necessary at intervals to clean out these petcocks, 
as they become clogged with dirt or sediment. 


Oiling Other Parts 


This includes the filling of the different oil cups on 
the front axle system, the rear axle system, and the 
oiling of parts of the control system, which move 
but little. Oiling of these parts will tend to elimi- 
nate squeaks and prevent wear. 


Oiling of the Commutator 


Oil is injected through the small cup on the top of 
the commutator shell. Engine oil is rather heavy 
for the oiling of the commutator, and is likely to so 
insulate the roller from the contact points that 
starting may be difficult. This is especially true in 


Fig. 4 


winter, when the cold will so congeal a heavy oil that 
it will be almost impossible to obtain a good spark. 
“Three-in-one”’ oil is thin enough to be used in the 
commutator. 


Kind of Engine Oil to Use 


A light, high grade of gas-engine cylinder oil is 
recommended. This light oil will reach into the 
closely fitted bearings of the engine more quickly, 
and so less heat and friction will be developed. 
The oil should have sufficient body to prevent the 
heat and pressure in the cylinders from squeezing 
out the oil from between the cylinder walls and the 
pistons. It is expensive to use a.cheap oil. Good 
oils save repairs to the engine, increase the mileage 
per gallon of gasoline, and do not form carbon nearly 
as rapidly as do inferior oils. In cold weather an 
oil that does not congeal easily at low temperatures 
must be used. Otherwise the clutch will drag, ow- 
ing to the oil acting as an adhesive. 


Among the oils that are recommended for the 
Ford engine are Gargoyle Mobiloil “E,’’ and White 


Star Extra Quality Oil, which is used at the Ford 
factory. 


Graphite should never be used in either the engine 
or the transmission, as it is apt to short-circuit the 
magneto and thus cause expensive repairs. 


Draining Oil out of Engine 


The new car should have the oil drained out at 
the end of the first 500 miles. This also applies to 
an overhauled engine, when the bearings have been 
refitted. The oil is drained out by removing the 
plug at the bottom of the crank case, and by crank- 
ing the engine. The front wheels should be about 
six inches higher than the rear wheels, so that the oil 
will drain to the rear of the crank case. Use at least 
a gallon of fresh oil, when refilling the crank case, 
and be sure to replace the plug in the bottom of 
the crank case tightly. If this plug drops out, the 
engine bearings are almost sure to be ruined for 
lack of oil. After the first 500 miles the oil 
should be drained from the crank case every 1,000 
miles. 


Lubrication of Chassis 


The plan view of the chassis (Fig. 5) should be 
studied carefully, so that one will know how often 
the parts should receive attention and lubrica- 
tion. 


The oil cups can be supplied with the same kind 
of oil used in the engine, although a slightly heavier 
oil will not run away so rapidly and is better adapted 
to this use. 


SPRING < 
F HANGER: Cc q 5 uk ereaty xa 
‘ront, oil every \ 7 ry miles. 
wiles. we \ \ 


STEERING 
KNUCKLE SPIN+ 
DLE BOLT, ofl* 


7 
HANGER BOLT every 200 miles 


on (root «pring, oil 
every 200 miles. 
BALL SOCKET 
ON STEEN 


BRACKET ARM, oi] every 200 
Bs 


c OF 
STEERING POST. 


Ca 


COMMUTATOR 
oil of vaseline 
every 200 miles 


Toe 


BREATHER PIPE 
FILL OIL FOR 
‘HUB ON FAN, 
ive ease cup 


tura every 200 
el lower pet cock ee every 


INTERNAL 
GEAR ON 8TEER- 
ING, pack wit! 
grease sbout every 
S000 miles. 


HAND LEVER 


Tass |! 


ae 
} J 


give bracket oil 
every 2000 miles. 


UNIVERSAL 
JOINT. give grease 
few turns every 


DRIVE SRAPT 
PRONT BEAR- 
ING, give grease 
up about two 
turns every S00 
wiles 


HOUR BRAR 
CAM, eil every 200 
wiles. 


REAR HANGER 
ON SPRING, oil 
every 700 miles 


DIFFERENTIA: 


L y 
fiil WITH GREASE EVERY 1000 MILES, 


Fig. 5. Lubrication chart for Ford car. 


Greasing a Ford Car 


This includes the filling of the grease cups, the 
universal joints, and the rear axle housing with 
grease. Cup grease, or grease containing graphite, 
can be used in the grease cups. The rear axle 
housing should not be filled too full. About 1% 
pounds of grease is enough for the rear axle gears. 
If thrust washers are not worn, 14 lb. more can be 
added. A larger amount of grease will run out of 


the ends of the axles and spread over the wheels 
and tires. 
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The rear-axle housing should not be more than 
one-third full. The oil plug should be removed 
about every 1,000 miles and more grease added if 
necessary. If a fluid grease is used, the level should 
be approximately 114” below the oil hole. 


If grease or oil works out the rear hub-brake 
drums it is due to one of three causes: (1) too much 
lubricant in rear-axle housing; (2) thrust washers 
worn; (3) oil from engine working down drive shaft 
to rear-axle housing. 


The universal joint should be packed with fresh 
grease. Fill the “dope” cups (grease cups) on the 
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universal joint and drive-shaft front end bearing 
with grease and screw them down, refill, and repeat 
the operation several times until sufficient grease is 
forced in and the old grease is forced out. 


The advantage of packing the universal joint with heavy 
grease is that it forms a packing which prevents oil from the 
engine crank case working down the drive-shaft housing and 
thinning the lubricant in the rear axle housing, thus working 
out the rear hub brake drums. See also page 1098. 


Fan lubrication: The lubrication chart (Fig..5) specifies 
grease every 200 miles. This applies to the old-style fan 
equipped with grease cup. The later-style fan should be lubri- 
cated by occasionally unscrewing the oil plug and filling the 
hub with heavy fluid oil. 


CONSTRUCTION IN GENERAL 


The Ford chassis is divided into units, such as: 
the front axle system; the rear axle system; the 
engine and transmission unit; and the dashboard, 
which includes the steering column. 


It is well to remember these units when making 
repairs to cars, for it often is necessary to remove 
the entire unit from the car when a certain part is to 
be repaired. 


For example, when repairing an axle shaft, it is 
necessary to remove the entire rear axle system, 
in order that the shaft may be removed. 


The carburetor is a Holley or a Kingston instrument, having 
a hot-air fitting which clamps over the exhaust manifold, giving a 
complete supply of heated air for cold-weather evaporation. 
hn is a dash carburetor adjustment controlling the needle 
valve. 


Lubrication is by gravity, with the oil carried to the front end 
of the engine and the timing gears by means of the flywheel, 
through the oil tube, after which it returns by gravity to the 
flywheel casing in the crank shaft. 


The clutch is a multiple disk in oil, delivering the drive to a 
two-speed planetary gearset in unit with the engine. From 
here the final drive is by means of a propeller shaft. 

The propulsion stresses are taken through the radius rods, 
which are fastened by means of pivot connections at the outer 
ends of the rear axle and through the tube which surrounds 
the propeller shaft. The driving torque is taken through the 
torsion tube which surrounds the propeller shaft. 

The springs are different from the usual construction on 
other cars (see illustration, Fig. 7). 

The tire equipment is pneumatic, 30” x 3’ in the front and 
30” x 314” in the rear when clincher wheels are used. When 
demountable rims are used, both front and rear tires are 30” 
x34". 

The wheels are of the wood artillery type, with oval spokes. 
The foot brakes are on the transmission, and the hand brake is 
on the rear wheels. 

The transmission drive-shaft brake is an external contracting 
type, and the hand brake is an internal type expanding on the 
rear wheel drums. 


The steering gear is mounted on the left, and the control 
system is the standard Ford layout with three pedals and the 
brake lever. 
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Fig. 7. Top view of Ford chassis. The crank shaft operates 
on three bearings and the cam shaft is driven by spur gears. 


DIFFERENTIAL 
HOUSING 


STEERING-GEAR SYSTEM 


The Ford steering device is the ‘‘planetary gear”’ 
type. See also pages 11 and 1087. 


The steering reduction gears are placed at the top 
of the steering column, instead of at the bottom 


(Figs. 8 and 9). 


These gears increase the power and the sensitive- 
ness of the control over the front wheels of the car. 
If these gears were not used, a slight turn of the 
steering wheel would send the car into the ditch, 
while road obstructions, or bumps, would wrest the 
steering wheel out of the driver’s control. 


The lower part of steering column merely has an 
arm (A) (Fig. 10) which is connected to rod (B) 
extending to the steering knuckle arm (SA) (Fig. 11). 


The steering wheel has a short shaft, on which a 
drive pinion is mounted. This pinion 1s held in 
place by the cover and nut of the steering gear case. 


The steering rod proper, on the end, is fitted with a 
flange (triangle shape under the gears), on which 


INTERNAL 
GEAR CASE 


PLANETORY PINION 


THROTTLE PMH sid 


PLANETARY 
PINION i 
Fig. 9 


PIN 


Fig. 8 


three studs project, which carry the three small 
gears. These gears mesh with the drive pinion and 
also with an internal gear cut on the inside of the 
steering-wheel case (see also Fig. 18). 
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To obtain access to the gears: Remove the small 
screw which holds the gear-case cover. ‘Then 
unscrew the gear-case cover, and the steering wheel 
and the cover can be removed together asaunit. It 
is not necessary to remove the lower part of the 
steering wheel from its shaft to obtain access to 
the steering gears. 


There are two small retaining keys in the top of 
the steering column. Keep these keys snug, for if 
they come loose, considerable play will result. 


Removing the Steering Wheel 


Unscrew the nut on the top of the post, and drive 
the wheel off the shaft, using a block of wood and a 
hammer. Do not batter the threads of the shaft, or 
it will be difficult to replace the nut. See Fig. 18. 


Tightening the Steering Gear 


A loose steering gear will make steering difficult 
and cause wear of tires. To tighten, see that the 
nut which holds arm (A) at the lower end of steermg 
rod (R) (Fig. 10) is tight. 


Ball and Socket Joints 


There is a ball on the end of arm (A) which fits 
into asocket (C) (Fig. 13). If thisis not kept oiled, 
play will develop. 


There is also a ball on the end of the thrust rod 
(B), which connects the steering arm (SA) (Fig. 11). 


If the ball and socket becomes worn from lack of 
oil, it can be ground by rubbing over emery cloth, 
or filing, as shown in Fig. 16. 


Spring ball sockets which take up wear auto- 
matically are now supplied by specialty manufac- 
turers. 


Bushings in Front-Axle Spindles 


There are bushings in the spindle arms (S) (Fig. 
11). The “spindle arm bolt’”’ works in the bushings. 
The bushings wear first, and, if worn should be 
replaced. 


Removing bushings: Split expanding bushing 
removers are best for this purpose, or else the 
bushing can be threaded and fitted with a bolt and 
driven out. The bushings are short, and one is at 
each end of the spindle body. 


New bushings should be pressed in with an arbor 
press or vise, or be carefully hammered in with a 
lead mallet, or with wood between hammer and 
bushing. 


Fig. 10 Fig. 11 


Fig. 10. Arm (A) of the steering device is the only part 
connected to the steering, or drag rod (B), by means of a ball 
and socket joint (Fig. 13). he movement of the steering rod 
(R) moves (A), then (B), then the steering knuckles, thus caus- 
ing the front wheels to move. 


- Both ends of rod (B) are fitted with ball and socket joj 
shown in Figs, 11 and 15, aga 


After fitting, the bushings should be reamed out. 
Special reamers are made for this purpose. See 
“Ford tools” (farther on), and Index under 
“Reamers.” 


The bushings must fit snug, so that the bolts will 
turn and not the bushings. 


POINT _ON ENGINE 
WHERE FRONT 
RADIUS RODS FIT 


Fig. 12 
Note the ball joint (BJ) (Fig. 10) which fits into a 


Bigs 122 
socket on the engine base to support the front radius rods. 


_ Fig. 13 is the part connecting (A) and (B) (Fig. 10). 


Fig. 14 


Fig. 14. Yoke which connects each end of the tie rod (D) 
to the steering knuckle arms. 


Fig. 15. The part shown at (B) (Fig. 11). 


Fig. 16. Method of taking up wear on socket (C) which 
places the sockets closer together over the joint. ‘The method 
is to emery the halves of the parts down, as shown. 


Front Wheels 


Removing the front wheels: Use the special hub- 
cap wrench to remove the hub-cap. Pull out the 
cotter pin; then take off the castle lock nut and 
lock washer. Unscrew the adjustable bearing cone. 
Then pull the front wheel off. 
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Names of parts of front wheel spindle assembl 
Note that the bushings do not extend entirely through ae 
spindle body, but only at each end, : Ball bearings shown above. 


COTTER PIN 
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Fig. 17. 


The cones and castle nuts must be replaced on 
the spindles from which they were removed. There 
are left-hand threads on the right spindle and right- 
hand threads on the other spindle. (Note. Turn 
the top of the nut toward the rear of the ear to 
tighten. This holds good for all wheel nuts.) 


If the cones or cups are worn, they should be 
replaced with new parts. While slightly longer 
service can be obtained by turning the cones half- 
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Fig. 18. The distinctive feature of the Ford steering gear, illustrated above, is the arrangement of the planetary reduction 


gears at the upper end of the steering post. 


The steering wheel is keyed to a shaft about 414” long, which also forms the center or drive pinion. 


The three planetary 


pinions are carried on a spider at the upper end of the steering post and mesh with the drive pinion; also the internal gear 


case which surrounds them. 


When the steering wheel is turned, the drive pinion must also turn. 
axes, and as they mesh with the gear case, which is stationary, they also revolve around the 
The difference in the number of teeth on the pinions and gear case gives the steering post but one- 
This gear reduction gives the leverage required for easy steering. 


steering post to turn. 
third of the turn of the steering wheel. 


way around, so that the wear comes on the opposite 
side of the cone, this permits a certain amount of 
looseness, and is not as good as the fitting of new 
parts. 

If the balls are chipped, cracked, or pitted at all, 
they should be replaced by new ones. Chipped 
balls will break and ruin the other parts of bearings. 


Testing the Wheels 


The front wheels should be jacked up and tested 
for side play and smoothness of running. See 
page 905; ‘Testing front wheel bearings.” 


A sharp click, when running the front wheel, 
together with a momentary check in the motion of 
the wheel, indicates a broken ball, which should be 
immediately removed, before it causes trouble. 


Adjustment of Front Wheels 


The front wheels should be so adjusted that the 
wheels will come to rest—after spinning—with the 
tire valve at the lowest part of the wheel. Yet there 
should be no noticeable side play, when the spokes 
of the wheel are grasped with the hands and the 
wheel shaken. 


When Timken roller bearings are used, they 
should be adjusted as follows: the threads on the 
outer bearings are the same as on the adjusting 
cones of the ball bearings. Tighten the outer bear- 
ing on the spindle until the wheel seems to bind, 


then back off one-quarter to one-half a turn so that. 


the wheel revolves freely without end play. 


This causes the three planetary pinions to rotate on their 
drive pinion, thus forcing the 


Timken roller bearings can easily be installed on 
cars equipped with ball bearings. 


Sedans, coupés, and trucks are now fitted with 
roller bearings. 


Undue wear of the cones may be caused by adjust- 
ing the cones so closely that the bearings bint or 
this may be due to lack of lubrication. The hub- 
caps should be filled with a soft grease every few 
thousand miles. 


Fig. 19. One method of jacking up the front of a car witha 
block of wood. The illustration shows method and dimensions. 
The block should be narrow enough to go between the front 
axle and steering connection that crosses about 414” behind it. 


Removing the Front Axle 


Jack up the front of the car, by supporting the 
frame on a couple of boxes, or by chains or ropes, or 
as shown in Fig. 19. Remove both front wheels. 
Disconnect thrust rod (B) from arm (SA) (Fig. 11, 
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page 1086). Disconnect the radius rod at the ball 
joint (as in Figs. 10 and 12). Remove the two 
spring shackle bolts at each end of the front spring. 


To Disconnect the Front Radius Rod from 
Axle 


Remove the cotter-pinned nuts. To remove the 
radius rod entirely, take the two nuts off the studs 
which hold the ball cap, and remove the lower half 
of the cap. See Figs. 10 and 12. 


if the radius rod rattles, remove the lower half 
of the ball cap, and file some of the metal off the flat 
surfaces, or rub down (as shown in Fig. 16). 


Straightening the Front Axle 


In case the front axle or parts are bent, straighten 
them while cold. The application of heat will re- 
move the effects of the heat treatment to which these 
parts haye-been subjected, and will dangerously 
weaken them. 


Bringing the point of contact of the tire and 
ground more nearly under the spindle body bolt 
makes steering easier and tends to prevent tire wear. 
See the discussion of ‘camber’ on page 906. 


Transposing Tires 
To use 30” by 314” tires on the front wheels, 
a pair of rear wheels can be purchased and fitted in 
place of the original front wheels, on cars not 
equipped with demountable rims. 


Springs 
Care of springs: If the springs seem stiff, use a 


screwdriver to pry the leaves apart and place some 
graphite grease, or heavy oil, between the leaves. 


DYKE’S INSTRUCTION No. 85 


Spring clips should be kept tight: If these clips are 
not kept tight, the strain will be put on the tie-bolt 
which passes through the center of the spring leaves 
and will break it. The tie-bolt is intended only for 
keeping the spring leaves from slipping out of posi- 
tion sideways. This is particularly true of the front 
spring, for if the front spring shifts sideways, it will 
endanger the steering of the car, and may cause an 
accident. 


Making the Car Ride More Easily 


One or more leaves can be removed from the rear 
spring of the runabout, to make the car ride more 
easily, as the same spring is used on both runabout 
and touring cars. The runabout does not carry 
so much weight. If one leaf is removed, it should be 
the second from the top. If severals leaves are 
removed, take out alternate leaves, so as to maintain 
the general shape of the spring as nearly as possible. 


For: truck use: Several leaves are sometimes 
added to increase the stiffness of the springs. 


Alignment of Wheels 


See page 903; “Alignment of wheels” for the 
reason why proper alignment of wheels is necessary. 
aoe es page 906 for “Alignment of Ford front 
wheels. 


Adjustment of the front wheels can be made by 
turning the yoke at the left end of the drag rod, 
drawing the wheels into a parallel position. If 
inspection shows that the axle or the spindles are 
bent, it will be necessary to have those parts 
straightened or replaced before correct alignment 
can be secured. 


THE FORD TRANSMISSION AND CLUTCH 


This transmission serves the same purpose as a 
sliding gear or selective type of transmission, as 
explained under the instruction on ‘Transmis- 

= ” 
sions. 


_ It is mounted on a shaft which has a flange pro- 
jection at one end, which bolts to the flywheel; the 
peel is bolted to a flange on the end of the crank 
shaft. 


The planetary gears are shown as marked, (P1) 
(P) (K) and (S) (P) (G) (Fig. 20). These gears are 
mounted on studs projecting from the flywheel. 


By means of bands, which are tightened around 
the drums, the rotation of these gears is governed 
as explained. 


It is called a planetary transmission, from a fan- 
cied resemblance between the motion of the triple 
gears around the central shaft and the motion of the 
planets around the sun. 


Low speed: Gear (D) is the driven member, 
keyed to the hub clutch drum (C), which in turn is 
secured to the driven shaft. By applying the brake 
band to drum (B), gear (F) is held stationary, 
pinion (P) rolls on it, and a smaller pinion (P1) 
causes gear (D) to turn slowly in the same direction 
as the flywheel, as explained later. 


For high speed or direct drive, the friction clutch 
locks the clutch drum (C) to the engine crank shaft 
and the entire mechanism revolves as a unit. 


For reverse: Applying the brake band to d 
(V), gear (L) is held piconet pinion (K) role on 


‘it, and pinion (P1) turns gear (D) slowly in the 
reverse direction, as explained later. 
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Fig. 20. Simplified illustration of the Ford transmission 


and clutch, 


The clutch serves the same 

. purpose as a cone or 
disk clutch, as described under the instruction on 

Clutches,”’ on page 20. 


The clutch on the Ford is made of steel di 
lettered. The pressure of clutch fingers eae 3) 
through the ring which pregses against the disks 
causes the disks to take hold. When the clutch is 

in,”’ the car is on high speed (there are only two 
speeds forward on a Ford), and the entire transmis- 


ae revolves, and the drive is then direct to the rear 
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Principle of the Ford Transmission 


The shaft (S) (Fig. 21) is connected, through 
the universal joint, to the drive shaft of the car. It 
is also fastened rigidly to the brake drum. There- 
fore any motion imparted to the brake drum will 
also be imparted to the rear axle and consequently 
to the rear wheels. 


What Happens When the Transmission 
Is in Neutral 


The flywheel (Fig. 21) and the shaded parts 
rotate. The clutch-release fork holds back the 
clutch spring from pressing on the clutch fingers. 
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Fig. 21. Diagram of Ford Transmission. 
Therefore the driving clutch disks will not be pressed 
against the driven clutch disks, and the brake drum 
will not be rotated. The low-speed drum and the 
reverse drum will rotate, but will have no effect. 


What Happens When the Transmission 
Is in High 


The release fork permits the clutch spring to press 
on the clutch fingers, thus pressing the driving 
clutch disks against the driven clutch disks. The 
brake drum will then be directly connected to the 
flywheel and the drive will consequently be direct. 
The low-speed drum and the reverse drum will 
rotate, but will have no effect. 


The total gear ratio in high is therefore the ratio 
of the rear axle, which is 3.63, because the bevel- 
drive gear in the rear axle is so much larger than the 
pinion that the engine makes 3.63 revolutions for 
every turn of the rear wheels. 


What Happens When the Transmission 
Is in Low 


The release fork holds back the clutch spring and 
consequently the flywheel is not directly connected 
to the brake drum through the clutch disks. 


A band is clamped around the low-speed drum 
(Fig. 21), thus holding the low-speed drum station- 
ary. This drum is fastened to the gear (LOW-21) 
therefore (LOW-21) isstationary. Since the triple 
gear pins rotate with the flywheel, then triple gear 
(A-33) must rotate on the triple gear pin as it rolls 
around the gear (Low-21). 

The triple gears (A) (B) and (C) are all fastened 


together; consequently the rotation of (A-33) on 
the triple gear pin will cause (B-27) to turn on this 
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pin. Since (B-27) is in mesh with the driven gear 
(D-27), this latter gear will rotate, thus causing a 
slow motion of the brake drum to which it is at- 
tached. Since the brake drum rotates slowly, the 
car moves slowly. ; 


Now refer to Fig. 22. Remember that gear (D- 
27) is fastened to the brake drum, and consequently 
to the drive shaft. The numbers on the gears cor- 
respond to the number of teeth on it, that is, (A-33) 
has thirty-three teeth, (B-27) has twenty-seven 
teeth, and so forth. The arm (Ar) represents the 
triple gear pin which is fastened to the flywheel and 
carries triple gears (A-33) and (B-27). When the 
low-speed drum is stopped, gear (LOW-21) remains 
stationary, as just explained. 


Let us see what takes place during one revolution 
of the flywheel. (1) The triple gear pin (Ar), since 
it is part of the flywheel, will pass through one 
revolution as shown by the arrow (S). (2) Conse- 
quently it will try to pull the driven gear (D-27) 
through one revolution in the same direction as 
shown by the arrow (X). (3) Since gear (LOW-21) 
is stationary, one revolution of the triple gear pin 
(Ar) causes the gear (A-33) to turn in the direction 
shown by the arrow (T). (4) But gear (A-33) has 
thirty-three teeth, while (LOW-21) has _ only 
twenty-one teeth; therefore gear (A-33) will not 
make quite one revolution, but will make only 21/33 
of arevolution. (5) Gear (A-33) being fastened to 
(B-27) causes the latter to revolve the same amount, 
or 21/33 of a revolution, as represented by the arrow 
(W). (6) Since (B-27) is in mesh with (D-27) and 
both have the same number of teeth, then (D-27) 
will try to revolve 21/33 of a revolution in the direc- 
tion shown by arrow (Y) 


As a result we find the effect on gear (D-27) to be 
as follows: The triple gear pin (Ar) tries to rotate 
(D-27) one revolution, as shown by the arrow (X), 
whose length represents one revolution; the triple 
gears try to rotate (D-27) 21/33 of a revolution in 
the opposite direction, as shown by arrow (Y), 
whose length represents 21/33 revolution. Gear 
(D-27) will actually turn the difference between the 
two, that is one revolution minus 21/33 of a revolu- 
tion equals 12/33 of a revolution in the same direc- 
tion as the flywheel as represented by the small 
arrow (Z), whose length represents 12/33 of @ 
revolution. 


Fig. 23 


Fig. 22 


Fig. 22. Diagram of Ford transmission in low speed. 
Fig. 23. Diagram of Ford transmission in reverse. 


The gear ratio in low is therefore 33 divided by 12, 
or2.75. The rear axle has a ratio of 3.63, therefore 
the total ratio in low is 2.75 times 3.68, equals 9.98, 
or practically 10 to 1. 

In general, owing to frictional losses in the transmission, and 
other causes; it may be assumed that the car will travel about 


three times as fast in high gear as in low. But the car will 
have about twice as much pulling force when low gear is used, 
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What Happens When Transmission Is 
in Reverse 


The release fork holds back the clutch spring, 
and consequently the flywheel is not directly con- 
nected to the brake drum through the disks (Fig. 21). 


A band is clamped around the reverse drum (Fig. 
21), thus holding the reverse drum stationary. 
This drum is fastened to the gear (REV-30) there- 
fore (REV-30) is stationary. Since the triple gear 
pins rotate with the flywheel, then triple gear (C-24) 
must rotate on the triple gear pin as it rolls around 
the gear (REV-30), The triple gears (A) (B) and 
(C) being all fastened together, the rotation of 
(C-24) will cause (B-27) to turn on the triple gear 
pin. Since (B-27) is in mesh with driven gear 
(D-27), this latter gear will rotate in a reverse direc- 
tion, as explained later The reverse rotation of 
(D-27) causes a reverse turning of the brake drum to 
which it is attached. Since the brake drum 
reverses, the car reverses. 


Now refer to Fig. 23. Remember that gear 
(D-27) is fastened to the brake drum, and con- 
sequently to the drive shaft. When the reverse 
drum is stopped, gear (REV-30) remains stationary, 
as just explained. 


Let us see what takes place during one revolution 
of the flywheel. (1) The triple gear pin (Ar) will 
pass through one revolution, as shown by the arrow 
(S). (2) Consequently it will try to pull the driven 
gear (D-27) through one revolution in the same 
direction as shown by the arrow (P). (3) Since 
the gear (REV-30) is stationary, one revolution of 
the triple gear pin (Ar) causes the gear (C-24) to 
turn in the direction shown by the arrow (K). (4) 
But gear (C-24) has only twenty-four teeth, while 
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(REV-30) has thirty teeth; therefore gear (C-24) 
will make more than one revolution on the triple gear 
pin. To beexact, it will make 30/24 of a revolution, 
or 1 and 6/24 of a revolution. (5) Gear (C-24) 
being fastened to (B-27) causes the latter to revolve 
the same amount, or 30/24 of a revolution, as repre- 
sented by the arrow (M). (6) Since (B-27) is in 
mesh with (D-27), and both have the same number 
of teeth, (D-27) will try to revolve 30/24 of a revolu- 
tion in the direction shown by the arrow (Q). 


As a result we find the effect on gear (D-27) to be 
as follows: The triple gear pin tries to rotate (D-27) 
one revolution, as shown by the arrow (P), whose 
length represents one revolution; the triple gears 
try to rotate (D-27) 30/24 of a revolution, as shown 
by the longer arrow (Q), whose length represents 
30/24 of a revolution. Gear (D-27) will actually 
turn the difference between the two, that is 30/24 
of a revolution, minus one revolution, equals 6/24 of 
a revolution, in the direction of the small arrow (R), 
whose length represents 6/24 of a revolution. 


Notice that the arrow (R) points in the opposite 
direction to the arrow (S). Consequently (D-27) 
turns in the opposite direction from the fly- 
bie thus causing reverse rotation to the brake 

rum. 


The gear ratio in reverse is therefore 24, divided 
by 6, which equals 4. Since the rear axle has a ratio 
of 3.63, the total ratio in reverse is 4 times 3.63, 
which equals 14.52 to 1, which is nearly 15 to 1. 
But owing to the number of gears transmitting the 
power when reverse is used, the actual available 
power in reverse is not as great as might be supposed. 
However, it is sometimes possible to use the reverse 
gear to pull the car out of a mudhole when eyen the 
low speed gear does not have sufficient power. 
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Clutch Control 


The control of the clutch is by the left pedal at 
the driver’s feet. If the clutch pedal, when pushed 
forward into slow speed, has a tendency to stick and 
not to come back readily into high, tighten up the 
slow-speed band, as directed farther on. 


Should the machine have an inclination to creep 
forward when cranking, it indicates that the clutch 
lever screw (B) (Fig. 27), which bears on the clutch 
lever cam (C) has worn, and requires an extra turn 
to hold the clutch in neutral position. 


When the clutch is released by pulling back the 
hand lever, the pedal should move forward a dis- 
tance of 134” in passing from high speed to neutral. 
See that the hub brake shoe and connections are in 
proper order, so that the brake will act sufficiently 
to prevent the car creeping very far ahead. Also 
be sure the slow-speed band does not bind on 
account of being adjusted too tight. 


Clutch Slips or Drags 


A slipping clutch may be due to worn main bear- 
ings, allowing the crank shaft to vibrate, or it may 
be due to the use of heavy oil in the engine. 


When the clutch drags: This may be due to 
heavy or old oil. This oil collects between the 
clutch plates, and does not allow them to separate 
freely from each other, as they should, when the 
clutch is disengaged. An oil that is too heavy for 
the clutch plates is also too heavy for good use in 
the engine. Heavy oil will not penetrate into the 
closely fitted bearings, and if the oil does not get in, 
friction and rapid wear will result. 


Heavy oils are sometimes used in Ford engines 
with the idea that the heavy oil will seal the gaps 
between worn pistons and cylinder walls, but the 
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A phantom view of the Ford transmission and clutch, showing how it is attached to the flywheel. 


only effective remedy is to replace pistons and other 
worn parts as needed. In winter, oil should have a 
low cold test, that is, the oil should not congeal 
easily. If it does, the engine will be very hard to 
start on account of the dragging of the clutch and 
the bands on the transmission drums. 


To Tighten Brake and Reverse Bands 


Remove the transmission case cover and turn 
the adjusting nuts on the shafts to the right 
(Fig. 26). 

The bands should not drag on the drums when 
disengaged, as they have a tendency to exert a 
brake effect, and to overheat the engine. The foot 
brake should be adjusted, however, so that a sudden 
pressure will stop the car immediately, or slide 
the rear wheels in emergency cases. 


BRAKE’ PEDAL: TRANSMISSION COVER 
REVERSE NOTCH MAGNETO CONTACT 


REVERSE 
PEDAL SHAFT 


TRANSMISSION 
BAND SPRING 


SLOW 
SLOW SPEED 
os ADJUSTING 
SCREW. 
“|REVERSE 
SLOW SPEED 
CONNECTION , fees 


SLOW SPEED SLOW SPEED” 
CONNECTION j SHAFT 
CLENVIS AY, BRAKE PEDAL 
CLUTCH LEVER” es SHAFT 

‘BRAKE AD=- 
JUSTING NUT 
CLUTCH RELEASE 
FORK (RIGHT) 
AND(LEFT) 

Fig. 26. Transmission cover showing where adjustments 
are made. The transmission-case cover (which bolts over the 
wedge-shaped opening) has been removed, thus exposing the 
reverse and the brake adjusting mts. 


CLUTCH LEVER 
_ SHAFT 


BRAKE NOTCH 
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To Tighten Slow-Speed Band 


Loosen the lock nut at the right side of the trans- 
mission cover, and turn the adjusting screw (see 
Figs. 26 and 27) to the right. 


If the reverse grabs and sticks at times, and the 
lining is in good condition, this is due to the adjust- 
ment on the foot pedal on the reverse, which allows 
the pedal to be pressed too far. This can be 
remedied by turning the reverse adjusting nut 
shown in Fig. 26. 


If the clutch slips in high speed, jack one rear 
wheel up, turn the engine so that the clutch fingers 
(Fig. 27) come in convenient position, remove the 
split pin, give half a turn clockwise to each clutch 
adjusting screw, and replace the pins. Do not 
drop the pins in the transmission case. After long 
wear, new disks willbe needed. It will be necessary 
to remove the transmission cover, as explained later. 


CLUTCH AND SLOW SPEED 
FOOT PEDAL, 


Full forward position, ‘‘low 
speed”’ band is tigntened. 

Half way forward,-is neu- 
tral, when in this position throw 
hand lever forward, release 
clutch pedal and “high speed” 
clutch is engaged. 


SIDE, HAND LEVER ——> 


Center Vertical Posi- 
tion, holds-clutch ‘‘out’’ by 
screw B, being on top of 
oval eccentric C, thereby 
forcing fork againstspring, 
releasing tension against 
clutch dises. 

Forward Position, as 
now illustrated, spring 
tension is released and on 
“high speed.” 

Back Position, spring 
tension is released and 
“brake"’ bands on hubs of 
rear wheels applied. 


BRAKE PEDAL 
WHICH APPLIES 

BRAKE BANDON 
TRANSN/S5/0N 
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When the transmission band linings have 
become hard and glazed, they will not grip the drums 
until the pedals have been pushed very hard and 
all the oil has been squeezed from between the bands 
and the drums. Then the bands take hold with a 
series of jerks, and this causes a chattering and 
severe strains on both the transmission and the 
rear axle assembly. 


Other evidences of worn transmission bands are: 

1. The failure of the foot brake to hold in spite of 
all the adjustment that can be made through the 
cover on the top of the transmission case, without 
causing the bands to drag. 


Or if the low-speed and reverse gears slip when 
the pedals are pushed, and the engine races, 
while the car does not travel as fast as it should. 
On an average, the brake linings should give good service for 
about six months; with good driving, from ten months to a 


year of service may be had, counting on from five to ten thou- 
sand miles driving as a year of service. 


MAGNETO TERMINAL. 


TRANSMISSION COVER 


EIT HE = REVERSE ADJ-SCREW 
Laer ni ae ea SLOW SPEED ADS. SCREW 
5 pees A NL } TQ ADJUST BRAKE. 


ONE CP THE 3 CLUTCH FINGERS 
CLUTCH AQJ SCREW 
CLUTCH RELEASE FORK 
we CLUTCH YOKE ROD. 


Clutch and slow speed. lever 
when pushed back part of way, 
clutch yoke releases spring tension: 

When pushed full back, “slow 
speed”’ band is tightened and “‘slow 
speed” gears engaged. 


Spring which forces 
fingers on clutch, to 
discs, unless held out 
by clutch pedal or side 
lever. 


Fig. 27. Connections of hand leyer and foot pedals to transmission and clutch 


Causes and Symptoms of Worn Transmission- 
Band Linings 


Cause: When starting the car, the driver should 
press the pedal forward until the low speed begins to 
engage. Then the pedal should be pressed more 
slowly until there is no slipping of the band on the 
drum. When using the low-speed gear on long 
steep hills, many drivers unconsciously relax the 
pressure on the pedal, so that the drums slip and 
wear the bands. Hold the pedals in firmly when 
te bands have once been engaged with the 

rums. 


Another cause of rapid wear of the bands is the 
habit of some drivers of racing the engine at high 
speeds before attempting to engage the transmission 
bands. ‘The best driver is the one who can use the 
gears and not speed up the engine any faster than 
will just avoid stalling. If the engine is not raced 
too fast, there will not be so much difference between 
the speed of the transmission bands and the speed 
of the drums. Then there will be less wear on the 
band linings and less strain on all parts of the ear. 


_ By driving on the throttle, 
instead of using the clutch so 
be made to wear longer. 


as much as possible, 
often, the bands will 


Removing Transmission Cover 
. Remove the magneto wire. 
. Remove the starting motor. 


. Remove the 34” bolts holdin issi 
1e 3 gon the transmission 
cover. (Use L-handle wrench No. 2322 for 
keeping the nuts from turning, while the bolts 


are turned from below, b i PW. 
3330.) ow, by using ‘T wrench No. 


. Loosen and remove the two bolts which hold the 
; er ball cap to the transmission cover, 

- Loosen the lock nut on the low-speed se 
loosen the low-speed aajabtiaant i mre 
Push the emergency brake lever forward. 


If the cover is hard to remove, the 
; n loosen the 
nuts on reverse and the brake-adjustment nut as far 


cane will go, and remove the slow-speed adjusting 


(Sey eS) ys 


6. 
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Removing Bands 


Now the cover can be pulled off, and then the 
bands. 


Place the band nearest the flywheel over the first 
of the triple gears. Turn the band around so that 
the opening faces downward. Theband can then be 
removed by lifting up. 


If the three sets of triple gears are so placed that 
one set is about 10° to the right of center at the top, 
the operation is considerably simplified. Each 
band is removed in the same way. Itisimportant 
to shove each band forward on to the triple gears— 
as only at this point, is there sufficient clearance in 
the crank case to allow the ears of the transmission 
bands to be turned down. 


Relining Bands 


Instructions for relining the brake bands are given 
elsewhere. See paze893. Thesizes ofthe linings are 
5/32” or 11/64” thick, 114” or 1 3/16” wide, and 
23 5/16” or 233” long. 


Never use linings containing metallic reinforce- 
ments for the transmission bands. Special Ford 
linings should be used. Particles of wire, worn 
from ordinary band linings, are apt to cut through 
the insulation of the magneto, which is in the same 
compartment as the transmission. A short-circuited 
magneto necessitates pulling the engine out of the 
car for repairing. 


At the Ford branches or agencies, transmission 
bands canbe exchanged for 50 cents each. As the 
cost of the linings and rivets is about 40 cents, it 
usually pays to exchange the bands. 


Use soft brass rivets: When relining the trans- 
mission bands, use soft brass rivets. If iron rivets 
are used, particles of iron, worn from the rivets, will 
be attracted to the magneto, and will tend to cause 
short circuits. 


Iron rivets are so hard that they will cut and score the soft 
iron brake drums, thus making them liable to break. 


To Install Bands 


Simply follow the reverse of the procedure of 
removing the bands. When the three bands are 
placed in an upright position on the drums, placing 
the transmission cover on can be facilitated by pass- 
ing a cord around the ears of the three bands, and 
holding them in the center. The pedal shafts can 
then be made to rest in the notches in the band ears. 


The clutch release fork should also be placed in 
the rear groove of the clutch shaft. 


Replacing Transmission Cover 


First, tie the lugs of the three bands together 
tight, with a piece of wire or cord, or construct a 
band holder, as shown in Fig. 28. 


Second, make sure that all the gaskets are in 
place and that none of them are defective. Broken 
gaskets will allow oil to escape when the engine is 
running. ‘The oil is splashed around in the trans- 
mission case by the flywheel and transmission drums. 


Third, loosen the nuts on the brake and slow-speed 
studs as far as they will go, without danger of fall- 
ing off. 

Fourth, compress the springs on these operating 
studs. This will make it much easier to replace 
the transmission cover. 


Fig. 28. This clamp is used to hold the transmission bands 
together while replacing the transmission cover. It is made 
of spring steel 14” wide and 3/32” thick, bent into the form of a 
U, having legs 334’ long and 2 7/16” across. One of these is 
clamped over the lugs on the transmission bands before replac- 
ing the cover, and is removed after the cover is bolted on. 
(Motor World.) 


Fifth, replace the cover and all the bolts, and 
tighten them securely. It is not usually necessary 
to fit those around the sides with cotter pins. How- 
ever, the bolts holding the universal ball cap must 
endure greater strains, so they should be fitted with 
cotter pins. 


Remove the cord or wire, which was used to hold the bands 
in place while the cover was being installed. 


Adjusting Bands 


Adjust the bands so that the pedals can be pushed 
down to within a couple of inches of the floor boards, 
before the bands grip tightly. After running a 
couple of hundred miles, adjust the bands again, 
using the double-end wrench, No. 1917. 


Transmission Gears 


ff the teeth of the triple gears are worn or chipped 
to such an extent that they do not properly mesh, 
they will cause a growling or grinding noise, espe- 
cially when low or reverse gears are used. 


Transmission Bearings 


The transmission is supported at the rear end by 
a babbitt-lined bearing at the universal ball cap. 
If this bearing is worn, it will cause a knock in the 
transmission when the car is traveling over rough 
roads. 


Worn bushings in the second speed and reverse 
drums throw the transmission shaft out of line; 
hence the gears become worn and noisy. It is 
advisable to install new bushings as soon as worn 
before they cause gear-teeth trouble, which means 
an ugly grinding noise. 


A “chattering”? noise in the transmission means 
that new band linings are needed. The same 
remedy applies when the car runs with a jerky move- 
ment. 

To Remove Transmission 


Take the upper part of the engine off the lower 
part of the crank case, as explained under “‘Remov- 
ing power plant.”’ Next remove the transmission 
cover (Fig. 28), and the crank-case cover. Then 
remove the four cap screws that hold the flywheel to 
the crank-shaft flange, using the special Ford fly- 
wheel cap-screw wrench No. 1929. The entire 
transmission may then be easily removed from the 
cylinder block assembly. 
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Fig. 29. Parts of the Ford transmission: The objects marked (19) to (19G) illustrate the partc of the transmission separated 
but in their respective order to be assembled. 

Clutch: Note that the twelve small clutch disks or thrust plates (20D) and the thirteen large disks (20E) are placed together 
alternately (see 19B). { 

The projection on the small plates fits the slots of the disk-drum (19C), the latter being rigidly fastened to the transmission 
shaft (TS), whereas the slots in the large plates fit in projections (LPP) of the illustration (20A). The disk-drum (19C) is fastened 
to the transmission shaft by set-screw (S). The pressure of the ‘‘clutch push ring” (19A), due to the tension of the ‘‘clutch spring” 
(19) against the ‘‘clutch fingers,’’ causes the large and small disks to grasp. The adjustment of the clutch fingers is made by screws 
(AS). 3 


Transmission shaft (TS) and small plates (20D) run free in the brake drum, when the clutch is disengaged, in other words, 


the small plates revolve with the flywheel. 


Slow-speed drum (19E) fits over the part (R) of the brake drum (19D). 


of the brake drum (19D) by means of two Woodruff keys. 


Triple gears (TG), (K) are the reverse gears, (P) the slow-speed gears, and (P!) the driving gears. 
rigidly together in groups of three and are called triple gears on that account. 


pins (TGP) of the flywheel. 


The driven gear is fastened to the hollow shaft (M) 


These gears are fastened 
There are three groups, and they revolve freely on 


(K) meshes with the gear on reverse drum (19F); (P) meshes with gear (G) on the hollow shaft ot 


the slow-speed drum (19E); (P!) meshes with the driven gear, and is keyed to the hollow shaft (M) on brake drum (19D), which 


projects past gear (G). 
given, 


How to Assemble the Transmission 


First, assemble the group of parts as shown in 
(20C) as follows: Place the brake drum (19D) so 
that the hub isin a vertical position; place the slow- 
speed drum (19E), with gear (G) up, over the shaft 
(M) of the brake drum. The slow-speed drum will 
then fit over (R). 


Next, place the reverse drum (19F) over the 
hollow shaft of (19E), so that the reverse gear (O) 
on the drum surrounds the slow-speed gear (G). 


Then fit two Woodruff keys in the shaft of the 
brake drum at (M), and place the “driven gear’ 
(with teeth down) so that they will then come next 
to the slow-speed gear (G). 


Triple gears (TG) (all three groups) should now be 
meshed with the driven gear, according to the punch 
marks on the teeth—the reverse gear or the smallest 
of the triple gear assembly being down. 


When the triple gears are properly meshed, tie 
them in place with a string or cord passed around 
the outside of the three tripie gears. 


The action can now be studied by referring to this illustration and the discussion of the principle previously 


Second, assemble the parts to the flywhee! as ir 
(20B); place the flywheel on the bench with face 
down, and the shaft vertical. 


_Turn the group (20C) upside down, and place it 
over the transmission shaft, so that the three triple 
gear pins (TGP) on the flywheel will pass through 
the triple gears. 


This will now leave the brake drum on top, as 
shown in (20B), ready to take the clutch disks (19B). 


_ Ifthe transmission is assembled, and if the triple gears, when 
in slow and reverse, growl, this is due to one of two causes: (1) 
The triple gears haye a punch mark which should be in the 
center line with the driven gears. Ii the gears were rebushed, 
it is not lixely that they will be placed back wrong, but if not, 
and the bushings are worn and loose, this may be the cause: 
(2) The bands may be adjusted too tight. 


Assembling the Clutch 


Third, fit the clutch-disk drum key in. the trans-_ 
mission shaft; press the clutch-disk drum (19C) 
over the transmission shaft (TS) (20B), and put 
the set screw (S) in place to hold the drum. 
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Put a large clutch disk (20E) over the clutch 
drum, then a small clutch disk ee alternating 
with large and small disks until the twelve small and 
thirteen large disks are in place. A large clutch 
disk, or ‘‘thrust plate” as it is termed, will then be 
on top, as shown at (20A). Do not put a small 
disk on top. 


Now place the “clutch push ring” (19A over 
the clutch drum, so that it will be on 0 B eae 
with the pins (1) up. 


_ Fourth group 20: Next bolt the “driving plate” 
in such a manner that the adjusting screws of the 
three “clutch fingers” will press against the ‘‘clutch 
push-ring pins” (1). 


Fifth, it is now advisable to test by moving the 
clutch disks, and to see if they will move freely by 
hand. If properly assembled, the flywheel will 
revolve freely while any of the drums are held 
stationary. 


Sixth, assemble the clutch-spring parts. Place 
the “clutch shift” (parts 20) over the driving plate 
hub (J), so that the small end rests on the clutch 
fingers. The clutch-spring support is then slipped 
into the spring so that the flange (F) will rest on 
the upper coil of the spring; then insert the “‘clutch- 
spring thrust ring”! and press it into place. Insert 
the pin in the driving plate hub at (PH), through 
the hole (HI) in the side of the thrust ring. _ This 
part of the work requires some “knack,” but is 
simplified considerably by using a compressor similar 
to that shown on page 1137. The large holes (H) in 
the clutch-spring support facilitate the insertion of 
the pin. 


Another easy method of compressing the clutch 
spring, so that the pin can be inserted, is to loosen 
the tension of the three clutch-finger adjusting 
screws (AS). 


When the clutch is tightened up again, the spring 
should be compressed to within a space of 2” or 
2 1/16’, to make sure the clutch spring does not slip. 


The adjusting screws (AS) should be adjusted so 
that there is even tension all around the clutch disks. 
These screws are now provided with a slot, and it is 
necessary to turn them at least one half-revolution 
so that the slot comes in line with the cotter-pin 
holes; then insert the cotter pins. 


Rebushing and Reaming of Transmission 
Drums and Gears 


The bushings in drums and gears, when worn, 
can be replaced with new bushings and then reamed. 


When reaming with an ordinary hand reamer, the 
gears are liable to wabble. ‘Therefore, some sort of 
fixture should be used by which the drums can be 
accurately centered and located at fixed right angles, 
so that they may be reamed absolutely true, thus 
making a quiet transmission. 


A reaming outfit with a centering device is shown 
in Figs. 30-383, which is a product of the K. R. 
Wilson Co., Buffalo, N.Y. 


The bronze bushings in reverse gear (Fig. 30), the 
slow-speed gear (Fig. 31), the two bushings in the 
transmission brake drum (Fig. 32), and one bushing 
in each of the three triple gears (Fig. 33) should be 
replaced in case of wear. 


1On the later cars the ‘clutch-spring thrust, ring” is not 
used, its function being incorporated in the “clutch-spring 
support,” the inner: end of which is contracted and has four 
small lugs for the reception of the “‘thrust-ring pin. 


_The bushings are purposely made with the inside 
diameter a little smaller so that they can be reamed 
to an exact fit to the bearings on which they are to 
revolve. 


Fig. 30 (Upper) 
Fig. 31 (Lower) 


Fig. 32 (Upper) 
Fig. 33 (Lower) 


Fig. 30 shows a Ford transmission reverse drum held in 
position in a reaming fixture, especially designed. This fixture 
automatically locates the drum at right angles to the reamer, 
and with perfect centers. The reamers used in this machine 
are all especially designed, using a common standard-size arbor, 
the reamer proper being interchangeable on that arbor. 
reamers are ground at a45° anglein place ofalongtaper. This 
type of cutter plows through the bearing metal without being 
deflected off center, as in common practice with a long taper, 
where more cutting surface is exposed to the metal being cut. 


Fig. 31 shows a Ford slow-speed bushing being reamed by 
the same process as that shown above. 


Fig. 32 shows a Ford transmission brake drum. This drum 
has two bushings which must be reamed in perfect alignment. 
For this a special reamer with a pilot is used, the arbor being of 
the same size and interchangeable, as in the case of those used 
in Figs. 30 and 31. 


Fig. 33. A Ford triple gear being reamed, correctly centered 
and at right angles; the clamp shown holds the center gear 
surface against the finished surface of the reaming fixture, 
thereby holding it in perfect alignment. 


It is proper to use an arbor press for taking out or 
replacing bushings, as an even strain on all sides is 
applied. Many mechanics use a sledge hammer to 
force these bushings in place, with the result that 
they may batter over the ends of the bushings and, 
unless a self-centering reaming fixture is used, the 
reamer would have a tendency to be deflected off 
center, or in the direction of the least amount of 
metal to be removed, usually reaming out of align- 
ment. 


Bushings that are worn have no metal to ream out. 
Two or three years ago, there was put on the market 
a very powerful press for the purpose of compressing 
bushings, thereby making them tighter in the drums 
or triple gears, and also making the hole smaller. 
The low cost of bushings has prevented this idea 
from proving very successful, as the average me- 
chanic prefers a new bushing. The cost of a press 
was nearly $200, a rather large investment for 
the ordinary repair shop for a tool doing only a 
limited amount of work, although it is a good invest- 
ment if the business is large enough to warrant it. 


Bushings should be renewed whenever they are 
loose and sloppy. If not renewed and properly 
fitted, as in the case of a planetary transmission, 
there will be excessive wear and noise due to imper- 
fect meshing of the gear teeth in various positions of 
a revolution, with the result that the gears wear 
excessively and unevenly on the pitch diameters 
(or shoulders) of the gear, while, if held in perfect 
alignment by being properly fitted, they must wear 
evenly, as originally designed. Gears which have 
been allowed to become loose and sloppy on the 
bearings will be rounded off toward the end of the 
teeth, and in reality there is no special bearing sur- 
face on the gear with worn teeth. 
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REAR AXLE AND PARTS 


The axle housing is made in two parts (Fig. 39). 
‘The later types of rear axle housings are much 
stronger than those made in earlier years. 


Drive shaft and housing (Fig. 35): The housing 
or tubing encloses the drive shaft and also takes the 
torque or twist off the rear axle, when the car is 
being started or stopped, that is, in connection with 
the radius rods. This sometimes causes the tube 
to break near the rear axle. 

uly 


’ ee NUT_ON FRONT END 
BN MER SAL IO GD —q_-OF RADIUS ROD- 
Lws 


KEEP TIGHT 


RADIUS 
ROD 


BRAKE 

ROD LOOSEN NUTS POINT WHICH \\ 
TO REMOVE OCCASIONALLY \RON 
DRIVE SHAFT \. BREAKS RAK 


“LOOSEN NUTS ALL AROUND 
TO REMOVE AXLE HOUSING 


Fig. 34. 


Rear axle assembly. 


Drive shaft and its bearings (Fig. 36): There is 
a roller bearing to support the shaft and pinion, and 
a ball-thrust bearing above the roller bearing to 
take the thrust of the pinion against the drive gear. 


The entire rear axle and drive shaft, shown in 
Fig. 34, must be removed when repairs are to be 
made to the differential, or the drive gears, or when 
new axle shaft is installed. The Ford rear axle is a 
“plain live” type of axle, see page 15. 

To test for wear or play in the rear-axle drive 
system, jack up one of the rear wheels and notice if 
the rear wheel can be turned 4” or more. If so, 
it is likely that there is wear in the rear-axle gears, 
or in the universal joint, or both. They must be 
replaced. While working around the universal 
joint, tighten all nuts on the radius rod, front and 
rear. 


To Remove Rear Axle 


Jack up the car and remove the rear wheels. 
Take out the four bolts connecting the universal 
bolt cap to the transmission case. Then disconnect 
the brake rods. Remove the nuts holding the 
spring perches to the rear axle housing flanges. 
(It is sometimes easier to remove the shackles which 
connect the spring to the spring perch.) Raise the 
frame at rear, and remove entire axle. (See Fig. 34.) 


Disconnecting Universal Joint 


The two plugs from the top and bottom of the 
ball casting must be removed. ‘Then turn the shaft 
until the pin comes opposite the hole. Drive out 
the pin and force the joint away from the shaft. 
(See Figs. 37 and 45.) 
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Fig. 35 Fig. 36 


Fig. 35. Propeller or drive shaft enclosed in a housing or 
tube; Fig. 36. Propeller or drive shaft and parts; Fig. 
37. Universal joint; Fig. 38. Brake drum on rear wheel. 


To Disassemble Rear Axle 


See Figs. 84 and 39. Disconnect the universal 
joint first, then the radius rods at the front end; 
then loosen the nuts on the studs holding the drive 
shaft to the rear axle (Fig. 34). Next, remove the 
nuts holding the axle housing together over the dif- 
ferential, as in Fig. 39. The axle housing in two 
parts is then removed from the axle shafts. 


‘NI 
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Fig. 39. Axle shafts, axle housings, and differential. 


To Remove Axle Shafts 


Follow the plan in the preceding paragraph, and 
as in Figs. 34 and 39. Take the inner part of the 
differential casing apart, by removing the bolts 
which hold the two halves together as in Fig. 40, 
and draw axle shaft through casing at the center. 


When replacing the axle shaft, be sure the rear 
wheels are firmly wedged on at the outer end, and 
that the key is in proper position. With a new 
car the hub caps should be removed and the lock 
nut tightened. In fact, it is essential that the rear 
wheels be kept tight. 


If the rear axle or wheel is sprung by skidding or 
striking acurb, or if the axle shaft is bent, replace it. 


Removing Drive Pinion _ 


_The pinion end of the drive shaft, to which the 
pinion 1s attached, is tapered to fit the pinion tapered 
hole which is keyed on to the shaft, and then is 
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additionally secured by acotter-pinned “castellated”’ 
nut. Remove the castle nut, and drive the pinion 
off (Figs. 35 and 36). 


No adjustment is provided. Fit new parts if 
worn. 


The Differential 


There is no adjustment on the Ford differential 
between the pinion and drive gear. New parts are 
usually fitted. 


Removing differential gears: The gears are keyed 
on to the axle shafts, and are held in position by a 
ring or split washer, which is in two halves and fits 
in a groove in the rear axle shaft (Fig. 40). 

Force them down on the shaft, away from the 
end to which they are secured; drive out the two 
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Rear Wheels 


The rear wheels are fitted with pressed-steel brake 
drums to which the emergency or hand brake 
operates. See Figs. 42, 34, and 38. 
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ANO ENOS OF AXLE. 


AXLE 


ae IN SHAFT 
FOR SPL/T 
WASHER 


AXLE ROLLER BEARING 
AN _ KEY 
SPLIT WASHER 


FIBRE WASH1ER BETWEEN 
TWO ENOS OF AXLE 


TO TAKE O/FFERENTIAL APART 
REMOVE THESE BOLTS ON FACH SIE 


BOLTS HOLDING BO/FFERENTIAL 
HOUSING TOGETHER. 


Fig. 40. Differential, drive pinion, and axle shafts. 


halves of the ring in the grooves in the shaft with a 
screwdriver or chisel; then the gears can be forced 
off the end of the shafts. 


Fig. 41. Removing the differential gear from the axle shaft. 


One method for doing this is shown in Fig. 41. 
The Ford differential gears can be removed from 
the shafts by placing an old starting-crank ratchet 
in the face of the gear, and driving it with a hammer 
till the gear is below the half-moon key. The key 
is then removed and the gear driven off. 


To remove rear wheels, take off the hub cap, 
remove the cotter pin, unscrew the nut, and with a 
wheel puller remove the wheel from the tapered 
shaft to which it is locked with a key. 


Hand Brakes 


The cast-iron brake shoes will wear if used very 
much. This brake is usually used for holding the 
car when at rest on an incline, and not for slowing 
down the car. 


Brake shoes, lined with asbestos fabric can be 
obtained from accessory dealers, and will last longer 
than plain cast-iron shoes. 


To replace these brake shoes, (1) remove the rear 
wheels; (2) unscrew the nut and bolt on which the 
brake shoes are pivoted to the axle housing. The 
brake shoes can now be pulled off. 


Put the springs in place on the new brake shoes; 
then place the open ends of the brake shoes over the 
cams, and swing the brake shoes into place. 


Replace the wheels, and tighten the axle-shaft 
nuts securely, before putting the cotter pins in place. 


Equalize the rear hub brakes, by removing the 
cotter pins and pulling out the clevis pins (see Fig. 
43), and then turning the clevises on the brake- 
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connecting rods until the two brakes grip equally. 
Be sure that the clevises catch enough threads on the 
brake rods to give strength. 


Universal Joint and Shaft Bushing 


The universal joint and the driving shaft front 
bushing (Fig. 44): When this bushing becomes 


~ UNIVERSAL 
JOINT (FEMALE) 
KNUCKEE 
COUPLING 


UNIVERSAL 
OINT KNUCKLE 
WIALE) 


REAR RADUIS ROD 


UNIVERSAL 
JOINT HOUSING 


RADIUS ROD 


DRIVE SHAFT FRONT CASTLE NUT 


= BUSHING 


Fig. 44. The universal joint and parts. 

worn (which will take a long time, if the grease cup 
is turned regularly), it will be necessary to have the 
new bushing forced in in the shop, and then reamed 
to fit the axle shaft. 


Grease Leaks from Rear Axle 


Grease leaks from the rear axle: These are the 
result of too much grease. One and a half pounds 
of grease is plenty, but a small amount should be 
added every thousand miles. See also page 1085. 

Another reason for the leakage is, that in this construction 
Hyatt roller bearings are used, which tend to permit leakage of 
fluid or semi-fluid lubricants. The ring gear (or main differen- 
tial gear) takes up too great a quantity and distributes it to 
the shafts. The centrifugal action of these shafts carries the 


lubricant to the outer end, and if the felt washers are not in 
first-class condition, the grease works out to the brake drums. 


Worn thrust washers (T) (Fig. 40) allow the axle 
shafts and differential to shift from side to side and 
pump the grease out. This usually causes the 
grease to appear around the left wheel first, as that 
wheel is nearer the drive gear. 


Worn thrust washers will cause the gears to grind. 
The noise will change as the car turns corners to 
right or left, and the weight of the car is shifted 
from side to side. 


$90.2510°B- FELT WASHER UNIVERSAL 


STEEL WASHER 
2}1NCH OUTSIDE 

Ig’ DIAMETER 

19 1% INCH INSIDE 

OIAMETER 

YoincH THICK 


STEEL WASHER 7 


2gincH OUTSIDE 


Fig. 45, 
bearings: The oil from the transmission works down tl i 
: ransmiss he dr 

shaft, through the universal joint, through the differential, 

out at the axle ends, causing an excess of oil on the brakes. i 


Remedying excess of oil leakage out of wheel 


_To overcome this, place a felt washer at (F Not 
Ford stock numbers on these felt washers.) thon Soka 
washers (see illustration for size), as shown in the illustration, 


To put these washers in place, remov q 
} Sj , e the rear axle and rear 
half of the universal joint, then remove the front universal 


all-cap cover. Put the felt and metal washer on, as 
ope eee, by plane them over the transmission shaft. Then 
put No, 2829 washer on after the cover is removed. Note the 
pin which will hold the washers in place. The washer, 2510B 
and steel washer are easily applied when the universal joint is 
apart. Reassemble carefully. 


Worn thrust washers require that the rear axle 
be removed from the car and taken apart before new 
washers can be inserted. Ball-bearing thrust 
washers are now made for Ford rear axles, and it is 
claimed that they wear longer. They should give 
less friction, and should therefore be useful for 
speedsters and racing: 


The felt washers become worn and hard with use. 
They can be replaced—after removing the wheels— 
without taking the axle system off the car. 


Two felt washers should be pushed on the axle 
shaft near the roller bearing next to the differential. 
A third felt washer should be placed near the outside 
end of the axle shaft, just inside of the outer roller 
bearing. These felt washers are cheap, and easily 
replaced, and, if only one pound of grease is used, 
will usually cure the rear-axle grease leakage. 


If light grease or oil is used it will leak out 
rapidly. If the grease is too stiff and heavy, the 
gears will simply cut a groove through the grease 
and the bearings will not be lubricated. Mobilu- 
bricant is often used for Ford rear axles, as also 
Kaoga No. 2. 


A Special Transmission 


A four-speed transmission is made for Fords by specialty 
concerns. One concern supplying these is the Laurel Motors 
Corpn., Anderson, Ind. 


Gear Ratios and Special Gears 


The standard ratio is 3 7/11 to 1 on high gear or direct drive. 
Changes can be made by purchasing the differential ring gear 
and drive pinion (Fig. 46) from Laurel Motors Corpn., Ander- 
son, Ind., or from Detroit Radiator Specialty Co., Detroit, 
Mich., or from Fulton-Houston Co., 1146 S. Michigan Ave., 
Chicago, It is necessary to change both gears. 


Fig. 46. Special gears for Ford rear axle. 


For racing use 2 4/7 to 1; for fast roadsters use 234 to 1; 
for general use for level country, use 3 to 1; for general use 


per tage country, use 3 7/11 to 1; for trucks, use 4 to 1, or 
tos 


For racing on dirt tracks, where a quick pick up i i 
0 1 p is required, 
the 8 to 1 is recommended. The 234 tol and 3 tol aredntee 


changeable: The number of teeth are as follows for various 
ratios: 


234 to 1; gear 36 teeth, pinion 13. 

3 tol; gear 89 teeth, pinion 13. 

37/11 to1; gear 40 teeth, pinion 11. 

4 tol; gear 40 teeth, pinion 10. 

Average speeds: 234 to 1; 60 to 65 m.p.h.; 
: 1 23, ; 60 p.b.; 3 to 1, 50¢t 
60 m.p.h.; 4 to 1, yaries according to weight; average 25 he 
5 m.p.h, 
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FORD POWER PLANT; INTERNAL AND EXTERNAL PARTS 


Internal Parts of the Ford Power Plant 


By referring to Figs. 47, 48, and 49, the complete 
internal construction of the Ford engine will be made 
clear, and will be found fully explained. 


Engine: Note in Figs. 48 and 49 that there are 
four pistons. The crank shaft is of the 180° type. 
When pistons Nos. 1 and 4 are up, Nos. 2 and 3 are 
down. 


The Ford engine fires 1, 2, 4, 3—that is, if, say, 
No. 1 was starting down on the firing stroke, No. 2 
would be coming up on compression and would fire 
next; No.4 would be going down on suction, because 
it would fire after No. 2; No. 3 would be coming up 
on the exhaust (see table, Fig. 49). 


Cam-shaft speed: The cam shaft runs at half 
the speed of the crank shaft, because the cam-shaft 


Intake Stroke ------- ~ 
Exhaust Valve Closed SS, 
Intake Valve Open 


\Compression Stroke __ 
Intake Valve Closed 
Exhaust Valve Closed 


Crank Shaft 


Cam Shaft 
Connecting Rod ; 


_ Fig. 48. A view of the relation of the Ford crank shaf 
timing gear, also the cam shaft, cams, and valves. re he eee ae 
shaft will, of course, revolve at one-half the speed of the crank shaft. 


The firing order is 1, 2, 4, 3. 
arrow point) on the explosion stroke. 
exhaust valves are closed. 


No. 1 cylinder is next to the gears, or the fr i 
' ont of the engine. 
Note that the nose of the cam does not raise atharot the 


gear is twice the size of the crank-shaft gear (see 
timing gear Fig. 48; note the small gear on the end 
of the crank shaft and the larger cam gear on the 
end of the cam shaft). 


The cam-shaft gear has 42 teeth and is 53” in 
diameter. The crank-shaft gear has 21 teeth, and 
is 2 2/3’ in diameter. 


Transmission: Of the planetary type. It gives 
two speeds forward and one reverse. When driving 
on high speed, the drive is direct and the entire 
transmission revolves with the drive shaft. When 
running on low speed, the gears inside of the low- 
speed part of the transmission are in action; the 
same when reversing. 


The transmission is attached to the end of the 
crank shaft, and is enclosed in a housing which 
covers transmission, flywheel, and magneto. 


Exhaust Valve Closed 

Intake Valve Closed 
y Explosion Stroke 
Intake Valve Closed 
Exhaust Valve Open 
--Exhaust Stroke 


Push Rod 


Large Time Gear 


Comm. Brush Assb. 
Zero Marks on Time Gear 
Small Time Gear 


Exhaust Cam 


Intake Cam 


all timing gear which drives the cam shaft th 
l | ; th di rough the lar, 
ing gear is twice the size of the small driving mea the can 


No. 2 piston is going down (see 
valves, therefore the intake and 


No. 4 piston is almost at top of its compression stroke and will be the next cylinder to fire, and the piston will then go down on 


the explosion stroke. Note that both valves are closed. 


No. 3 piston is going down on the intake stroke, d ingi 
; ; } rawin h 
is closed. The piston of No. 3 will go up on the omission sinole: eae 


after No, 4. 
No. 1 has almost completed its exhaust stroke. 


on the compression stroke up, then on the explosion stroke. 


eted The exhaust i 
the exhaust valve closes, which is exactly on top, then the inlet valve: Pao and 


gas, as the inlet valve is open, but the exhaust val 
ch time the inlet valve will be closed and will fire 


The intake valve is closed. Immediately that 
it will go down on the intake stroke next, then 


Therefore No. 1 will fire after No. 3. 
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TIMING GEARS 


No, 


No. 


4 
fe on fe on 


Compression} Suction Exhaust 


Exhaust FIRING |Compression| Suction 


COMMUTATOR HERE 
Seal RES) 
fae 


Exhaust FIRING {Compression} 


Suction 


Compression] Suction Exhaust | FIRING 


TUGRERERE RESORT IRSRRETE 


Fig. 49. View of the Ford engine, explaining the firing order and the location and names of parts as follows: (A) Flange on 
the end of the crank shaft, bolted totheflywheel. (B) Magneto coils or spools, of which there aresixteen. They remain stationary. 
(C) Magnets on the flywheel, of which there are also sixteen. They revolve with the flywheel. (D) Bolts supporting the magnets. 
(E) Flywheel, bolted to the flange on the crank shaft. (F) Planetary gears, called the ‘‘sun and planet’ type. (G) Clutch disks. 
(H) Ring which presses against the clutch disks when the fingers are pressed on by yoke (J), which causes the clutch adjusting 
screw (I) to press against ring (H), thereby pressing the clutch disk plates (G) together, which then causes the drive shaft (L) to 
transmit power through the drive shaft to the rear axle. (I) Adjusting screw for pressure of the finger against the ring and clutch. 
There are three of these and threefingers. (J) Yoke which throws the clutch ‘‘in” and ‘‘out”’ by movement of the side hand lever 
(Fig. 27). (K) Spring which forces the collar against the fingers. (L) Transmission shaft connecting with the universal joint, 
thence to the drive shaft. (M) Collar supporting the thrust of the rear of the spring. (N) Transmission brake band, applied 
by movement of the foot lever, marked (B) (Fig. 27). (O) Slow-speed band applied by the foot lever marked (C). Thesame lever 
operates the clutch, (P) Reverse band applied by the foot lever, marked (R). Note that in Fig. 49 there are only four cams 
shown on the cam shaft, There are eight cams, as in Fig. 48. (Error in drawing.) 


Removing the Ford Power Plant 15. Take off the inlet manifold, with the carburetor attached. 
A” Bamove the hood: 16. arree. the exhaust manifold, with the exhaust pipe com- 
B we ue id di h h ti 17. Remove the two bolts holding the pans to each side of the 
3. Loosen the bolts holding the top ose connection, base, and knock the pans down out of the way. 
4, Loosen the bolts holding the side hose connection to the 


18. Loosen the nuts holding arm (A) (Fig. 10, page 1086) on the 
lower end of the steering post. 


Remove the three bolts holding the steering column to the 
chassis. 


cylinder block. 
5. Loosen the radiator-to-dash stay rod. 
6. Remove the nuts and washers from the two bolts holding 19. 

the radiator to the chassis. 
7. Remove the radiator. 20. Loosen the dashboard, and pull the dash and steering 
8 


. Loosen the cap screw holding the commutator. Place column up out of way. (Note. It is not necessary to 
the commutator case and wires to one side. loosen the dash or steering gear on 1917 and later cars. 
The engine is brought forward until clear of dash; then 


9. Remove ne ae ee and magneto wires, lifted up to the right, to clear the steering post.) 
10. Remove the spark plugs. i me 
: 6 Peet Pal h ts f: the front radius-rod ball t 
11. Remove the cylinder head. (This makes the engine lighter 21 Fe totes 088 vat e front radius-rod ball joint (see 


and easier to lift.) 

42. Remove the four bolts holding the universal ball cover. 

13. Turn off the gasoline and disconnect the feed pipe from the 
carburetor. 23. 

14. Remove the nuts from the studs holding the inlet and 
exhaust manifolds. 


22. Loosen and remove the bolts holding the engine to the 
frame at the front end, 

Loosen and remove the bolts which hold the side crank-case 
arms to the frame, and then the power plant can be lifted 
out. 
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External Parts of the Ford Power Plant 


The illustrations, Figs. 47, 48, and 49, on preced- 
ing pages gave internal views of the Ford power 
plant. The following illustrations (Figs. 50, 51, 
52, and 53) show the external construction and the 
location of parts. 


CARBURETOR EXHAUST MANIFOLD 


ADJ. NEEOLE 
VALVE. SPARIT 
PLUGS. 


xX & INTAKE. 
PIPE CLAMP 


SPARK PLUGS 


OOMAUT PIPE 


INLET OLD 
CONNECTS MANIFOL 


HOY AIR INTAKE) BREATHER 


Fo ADJ. SLOW P 
SPEED | is a=} 
AH SORA [Ra FH) LL commutator 


VALVES WITH 


On ever a f 
‘Re VALVE HOUSING § 
' 7 REMOVED, 
CRANK CASE =A OIL DRAIN PLUG 
QRAIN COCK: 
Vig. 50. Right side of Ford model “T” unit power plants 


Showing inlet and exhaust manifold and valves. 


MAGNETO 
CONNECTION 


ANATER OUTLET 


CaN \ 


CRANK CASE 


_Fig. 51. Left side. Showing cooling water inlet and outlet, 
Note cylinders are ‘‘in-block”’ a typical unit power plant. 


CYLINDER HEAD LIFTS OFF 
GASKET BETWEEN, 
Se 


SLOW SPEED 
BAND, 


Hig. 52, Top view. Cylinder head removed showing 
cylinder bores, pistons, and heads of valves in their seat. Note 
which are exhaust and which are inlet valves. 


BOLTS To FRAME, 
MAGNETO CONTACK Point, _ 


ip 


TRANSMISSION 


e 300 
wOrCES 


COVER QOOR, 
. INLET & EX. 
CAROURETOR, PIPE cLampP(4}e 
Vig. 53, The cylinder head is detachable and can be re- 


moyed by taking off fifteen 7/16” x 2 9/16” cap screws on to 
of the cylinder. Underneath the head there is : gasket, : 
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Fig. 54. To remove the Ford engine from the frame with- 
out raising the body from the frame, take a hacksaw and cut 
out asquare 1” by 1” oneachside of the dash. (Motor World.) 


Ford Pistons and Rings 


The subjects of Ford pistons and rings are treated 
elsewhere in this book. 


See pages 811, 812 for “Questions and Answers on 
Ford pistons,” also ‘‘Measurements of Ford pistons,” 
“Piston replacement,” and ‘Ford piston rings. 
See also page 823 for “‘Reboring Ford cylinders,” and 
page 812 for “Ford oversize pistons and rings.”’ 


‘Running in’’ the Engine 

After the engine and car have been overhauled, 
new rings fitted, etc., it is a good plan to jack up the 
rear wheels, in the manner shown in Fig. 55, and to 
put about 114 gallons of lubricating oil in the crank 
case. Put water hose in the radiator and run the 
engine for several hours in order to work the rings 
and bearings “‘in.’’ Note that when “running in” 
an engine, the water should be kept running con- 
stantly. 


PUT 14 GALLONS OIL 
IN CRANK CASE 


Fig. 55 


When doing this work, the engine is usually out 
of the frame of car. Therefore another plan would 
be to place the engine on a stand made for the pur- 
pose, and to run the engine from a belt from the line 
shaft. This is a suggestion for a repair shop with 
considerable work. See page 789. 


Note on page 785 that there are different methods 
described for fitting main bearings to the crank shaft 
as follows: 


1, By spotting-in and scraping. 


2. By boring, then reaming, then spotting-in and 
scraping, then running-in in oil. 


3. By boring, reaming and burning-in, then run- 
ning-in in oil. 

4. By boring, then reaming, then running-in in oil. 
Note on pages 821, 817 that there are different 


methods described for enlarging cylinders and fitting 
oversize pistons, as follows: 


1. By boring. 
2. By reaming. 
3. By lapping. 
4. By grinding, 
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COMPRESSION AND THE VALVES 


_If the compression is poor, and the pistons and 
rings fit well, the valves may need grinding or adjust- 
ing. The compression can be tested when the 
engine is warm, by pulling up slowly on the starting 
crank. The compression should be springy and 
elastic, but not as lively as that of other cars, on 
account of the drag and friction in the Ford trans- 
mission. See pages 766, 765, ‘Testing compression.” 


Removing Valves for Grinding 


Drain the radiator. Remove the cylinder head 
and the valve covers on the right side of the engine. 
Use the valve-lifting tool (Fig. 35, page 770) to com- 
press the valve springs, and pull the pins out of the 
ends of the valve stems. The valves can then be 
pulled out. 


Valve Grinding 


This subject is fully dealt with elsewhere. 
pages 56, 57, 770: “‘Valve grinding.” 


_ When the valve seat is worn badly or seamed, 
it is then advisable to have it reseated with a valve- 
seating tool. Care should be exercised against 
making too deep a cut, otherwise the retiming of 
the valve will be necessary. See pages 773, 57; 
“Reseating valve seats.” 


See 


Gz = ee 
, (= ( i= == al 
a “ye saiena hi 


Fig. 56. Anideal valve seat is a narrow edge, as it is more 
easily ground and will last longer than a wide one. The illus- 
trations show the action of the valve on a piece of carbon which 
might locate on the seat. A wide seat holds the carbon, which 
will soon burn and warp the valve, while a narrow seat cuts 
the carbon, keeping the seats clean. 


(A) grain of carbon passing through exhaust valve with wide 
seat; (B) the exhaust valve with a wide edge has just closed, 
the grain of carbon lodging between valve and seat; (C) the 
exhaust valve with a wide edge is closed, and the grain of carbon 
warps the valve and stem. (D) grain of carbon passing 
through the exhaust valve with a narrow seat. (E) exhaust 
valve with a narrow edge has just closed, the grain of carbon 
trying to lodge between valve and seat; (F) narrow edge of 
valve seat cuts grain of carbon, one part passing into the 
exhaust manifold, the other remaining in the combustion cham- 
ber to be burned during the next power stroke, or removed 
during the next exhaust stroke, 


Oversize Valves and Worn Valve Guides 


The play between the valve.stem and the valve 
guide may be checked by placing the valve in the 
valve guide of the cylinder block, raising it about 
44" and moving it from side to side. If there is 
very little play and the valve stem shows consider- 
able wear, try a new valve with a standard stem. 
If this does not take up the play sufficiently, ream 
the valve guide for a 1/64” oversize valve stem 
(Fig. 57) with a 21/64” reamer (Fig. 58). 


Fig. 57 


Fig. 58 


Fig. 57. For valve 1/64” oversize. See page 773; ‘‘Ford 


valves” for sizes of standard valves. 


Fig. 58. A valve-guide reamer. When reaming the 
valve guides it is necessary to ream true; therefore a guide is 
necessary. The guide isshown clamped to the cylinder head. 
The reamer is then passed through the guide and turned by a 
hand tap wrench. 


CHECKING VALVE TIMING BY PISTON TRAVEL 


When valves are ground, the engine should be 
checked for valve timing. 


The method of determining when the valves open 
and close is as follows: With the spring assembled, 
close the valve. When it is closed, hold it with 
the fingers, 


Twist back and forth on the head while someone 
cranks the engine slowly. The instant the valve 
will turn, it has started to open. In the same way 
the valve may be closed, the valve turning until it 
has seated. 


Another way to check the opening and closing is 
to insert a .001”, or less, feeler, or a thin piece of 
paper, between thestem and pushrod. The instant 
the feeler will not move the valve has opened. ‘The 
instant it will move after being held tight the valve 


has closed. 


On a new engine, the valves in No. 1 cylinder 
may be checked by the piston travel, and the rest 
of the valves may be checked by the air gap clear- 
ance between the end of the valve stem and the 
tappet rod. ‘This gap should be between .022” to 
.028”, the distance being measured with a feeler or 


thickness gauge. 


On the 1913 and later model “‘T’’ Ford engines, 
the valves open and close as in Figs. 59, 60, 61, and 
62. (See next page.) 


Prior to 1913, the inlet opened 7/64” past top and 
closed 3%’’ past bottom. The exhaust opened 3¢’’ 
before bottom, and closed 1/64’’ past top. These 
figures may vary slightly on different engines, 


especially on old engines with worn parts. 


The intake valve should be timed accurately on 
the opening, and the exhaust should be timed on 
the closing, since, in an engine whose cam shaft may 
be worn, it is not always possible to have both the 
opening and closing check accurately with the 
figures given. 


On old engines, the valve tappet rods (also 
called push rods) become worn in the center (Fig. 
63) (see next page) owing to the continual tapping 
against the valve stem, 


If the engine were timed by the gap alone, it 
might be considerably out of time, as the feelers 
(thickness gauge) would bridge the actual point of 
contact on the tappet rod. 


All valves on a worn engine should therefore be 
timed or checked by the piston travel. 
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Inlet valve opens 


Ye in. (piston travel) 
after top center on 
Ist stroke (as piston 
is %e in. above cyl. 
when at top-——it is 


Inlet valve closes 
%g in. after bottom 
center on 2d stroke. 
Measurement from 
top of cyl. to top of 
piston being 3%” 


Exhaust valve opens 
546 in. before bottom 
center on 3d stroke. 
Measurement from 
top of cyl. to top of 
piston being 3%” 


xhaust valve closes 
ec top center of 4th 
stroke. 

Note when piston 
is at top of stroke it 
is 4g in. above cyl. 
casting. 


now 4 in. above,) 


iy 
y 


Sais 
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Fig. 59 Fig. 60 


PISTON ON TOP 


EXHAUST 
VALVE —*} 


VALVE 
CLEARANCE 


Vy ret 


Fig. 62 


Figs. 59 to 62. Illustrating the positions of the pistons when the valves open and close. A method of checking the valve 


timing by the piston travel. 
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Fig. 63. Showing how the tappet rod becomes worn in 
time. 


It is possible to tell if the tappet rods are worn 
by removing the springs and feeling the top of the 
tappet rod. New rods are straight across the face. 
Worn rods have a depression in the center of the 
face, as in Fig. 63. 


Worn tappet-rod guides cannot be replaced on the 
Ford engine. The remedy is to ream out the worn 
guide and to install an oversize tappet rod. Worn 
guides cause a great deal of noise, as each time the 
cam strikes the lower end of the tappet it slaps the 
tappet against the worn guide. 


VALVE TIMING AND VALVE CLEARANCE 


Valve Timing 


The method of accurate valve timing on a Ford 
model *“T”’ engine is to time the valves by the 


piston travel. The measurements are given in 
Figs. 59 to 62. 


As the valves are.properly timed at the factory 
it is not necessary to retime them unless the cam 
shaft, time gears, or valves were removed in over- 
hauling. 


In this case, the time gears must be meshed 
properly, as follows: Place the top of the piston of 
No. 1 cylinder within approximately 5¢’’ of the top 
of the cylinder block by turning the crank shaft in 
the direction of rotation. 


Turn the cam shaft (with gears out of mesh), until 
the exhaust cam is at a point where the exhaust 
valve is near closing (Fig. 64); the exhaust cam 
should point away from the (0) mark on the cam- 
shaft and crank-shaft gear, which is directly opposite 
or in line with the center of the point or nose of 
thecam. At this point, the tooth of the crank-shaft 
gear, indicated by the (0) mark, will mesh between 
the two teeth of the cam-shaft gear (large gear) at 
the (0) mark, 


After meshing the gears in this manner, the inlet 


valve of No. 1 cylinder should be closed and the 
exhaust valve open. 
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Fig. 64. Meshing of timing gears by zero marks. 
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When the gears are meshed as described, the 
exhaust valve of No. 1 cylinder (Fig. 64), is just at 
the point of closing, but is not fully closed; but by 
the time the piston reaches the top of its stroke the 
exhaust valve will be fully closed, as in Fig. 62. 


When the gears are meshed as above with the 
zero marks together, the piston will be 34” from top 
dead center; or, in other words, since the piston is 
5/16’’ above the block when at top dead center, 
when the zero marks on the timing gears are to- 
gether the top of the piston should be 7/16” below 
the top of the cylinder block. 


As the exhaust valve of No. 1 cylinder is just 
closing, as shown in Fig. 64, and willbe closed just as 
soon as it completes its exhaust stroke, then No. 1 
piston will start down on the suction stroke. 


By referring to the table at the lower right-hand 
corner of Fig. 49, page 1101, it will be noted that 
when No. 1 piston starts down on the suction stroke, 
then No. 4 will be the next cylinder to fire (No. 4 
will fire with the spark lever retarded when No. 1 is 
about 1%” down on the suction stroke). Therefore 
if No. 41s the next to fire, the roller of the commu- 
tator should be set on No. 4 segment, or just ahead 
of the No. 4 segment, with the spark lever fully 
retarded (if the spark lever was fully advanced, the 
roller would be well on to the segment.) 


Setting the commutator: There should be no 
difficulty in setting the commutator roller in the 
proper position on the cam shaft, as it is held in 
place by a retaining pin similar to a nail, and the 
pin can be inserted only when the hole in the roller 
lines up with the one in the shaft. As the hole in 
the cam shaft is not drilled clear through, there is 
only one place where the roller can be set, and the 
pin inserted. 


The retaining pin is held in place by a collar which 
fits over the head, and is in turn held by the lock 
nut on the end of the cam shaft. See page 1113 for 
the method of timing ignition. 


If the cam-shaft gear is removed at any time from 
the shaft, in replacing the gear see that the dished 
side is out and that the first cam (exhaust cam) 
points in the opposite direction from the (0) mark 
on the cam-shaft time gear, as in Fig. 64. 


To check valve timing, when the cam shaft or 
the gears have not been removed, first remove the 
cylinder head and check the inlet valve opening and 
exhaust valve closing of each cylinder by following 
the measurements in Figs. 59 to 62. 


These measurements may not check accurately. 
If they are out to any great extent, see if the cam- 
shaft, bearings, push rods, or valves are worn. If 
not, and the gears are meshed correctly, then the 
variance may be in the manufacturing limit. See 
that the valve clearance is properly adjusted before 
checking the valve timing. 


Spiral or helical tooth timing gears are now used. 


Valve Springs 

A weak valve spring can usually be detected by 
the following method: Remove the valve plate 
(Fig. 65) and insert a screw driver between the coils 
of the spring while the engine 1s running. If the 
extra tension thus produced causes the engine to 
pick up speed, the spring is weak and a new one 
should be replaced. 


1In the older models the hole in the cam shaft is drilled 
clear through. In this case, place the roller on the No. 4 seg- 
ment, as directed above, and insert the retaining pin, paying 


no attention to the hole in the opposite side of the shaft. 


1105 


Valve springs consist of 1114 coils of No. 104 music 


wire, complete spring is 274 inches long and 31/32 


inch outside diameter. 


If the valves fail to seat properly, it may be due 
to weak or broken springs. Weak inlet springs 
would probably not affect the running of the engine, 
but weak exhaust valve springs cause uneven action, 
which is difficult to locate. 


It will cause a lag in the engine due to the exhaust 
valve not closing instantly, and the result will be, a 
certain percentage of the charge under compression 
escapes, greatly reducing the force of the explosion. 


Valve Clearance 


The correct clearance between push rod and 
valve stem is .022” to .028’". The gap should be 
measured, of course, when the cam point, or nose of 
the cam is not lifting the valve, but when the push 
rod is on the heel of the cam, that is, when the push 
rod is at the lowest point. The correct clearance 
is naturally half-way between these two measure- 
ments. 


Fig. 65. Removal of valve cover to adjust clearance. 

If clearance is greater, the valve will open late and 
close early, resulting in uneven running of the engine. 
In this case, the push rod is worn or the valve stem 
is too short, and a new valve should be substituted, 
and a push rod (tappet) also, if necessary.. The 
old valve can be “drawn out” by peening the lower 
end to lengthen it, but this is not considered the best 
practice. Valve adjusters may be used, as shown 
in Fig. 66. 
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Fig. 66. Valve clearance adjusters: When the space be- 
tween the end of the push rod and the end of the valve stem is 
more than 1/32”, a clicking noise is the result. As the Ford 
valve has no means of adjustment, it is remedied by either 
installing new valves and push rods or using adjusters as shown. 
(Apco Co., Providence, R.I.) 
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A reamer, 29/64’, is used to ream the push rod or 
tappet guides 1/64” oversize. 

If the clearance is less, the valve will open early 
and close late, or if there is no clearance at all, it 
will remain partially open allthe time. In this case, 
the stem is too long, and a small amount of stock 
should be ground from the end of the valve stem. 


When fitting new push rods, new valves should 
also be fitted. 


When fitting new valves, they should be ground 
in. See page 770: “Grinding valves.” 


Valve clearance on Ford engine is non-adjustable. 
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CONNECTING-ROD BEARINGS 


The connecting rod in the Ford engine is clamped 


tight to the wrist pin, and is termed the “oscillating 
type.” See also page 795: ‘Adjusting connecting 
rods.” 


Loose connecting-rod bearings cause a rattle, or 
light knock, especially at light loads and high speeds. 
Heavier loads seem to steady the connecting rods. 


Long wear, pounding due to carbon, a spark too 
far advanced, or forcing the engine to labor on high 
gear, as well as a lack or poor quality of oil, are 
the chief causes of loose connecting-rod bearings. 
If this condition continues, the crank shaft will 
eventually crystallize, and may break. 


Lipp) 


Mi 


Fig. 67, Removing the connecting rod and piston. One 
method of getting at the piston is to take off the cylinder head, 
remove the cover from the bottom of the crank case, and, by 
reaching through this, remove the bolts holding the connecting- 
rod lower bearings in place. After the connecting-rod bearing 
caps are removed, the piston can be pushed up through the top 
of the cylinder. 

The method of removing the piston is clearly illustrated. 

To remove the piston pin, loosen the connecting-rod clamp 
screw. 


Adjusting Connecting-Rod Bearings 


The connecting-rod bearings may be adjusted 
without taking out of the engine, as follows: (1) 
drain off the oil; (2) remove the crank-case lower 
cover plate on the bottom of the crank case, exposing 
the connecting rods; (3) punch or file a mark on one 
side of the bearing cap, so that it may be replaced 
in the same position; (4) remove the first connect- 
ing-rod bearing cap and draw-file the ends, just a 
little at a time; (5) replace the cap, being careful to 
see that the punch or file marks are on the correct 
side, and tighten the bolts until it fits the shaft 
snugly; (6) test the bearing for tightness by turn- 
ing the engine over by the starting handle; (7) 
now loosen the bearing and proceed to fit the other 
bearings in the same manner; (8) after each bearing 
a been properly fitted and tested, tighten the cap 

olts. 


There is a possibility of getting the bearings too 
tight, and under such conditions the babbitt is liable 
to cut out quickly, unless the engine is run slowly at 
the start. After adjusting the bearings, jack up 
the rear wheels and let the engine run slowly for 
about two hours (keeping it well supplied with 
water and oil) before going out on the road. 


LOOSEN FOUR LOWER HALF OF 


BOLTS TO CASE WITH 
UNIVERSAL OILREMAINS ON 
JOINT FRAME 


Fig. 68. All parts of the Ford engine can be removed in one 
unit, and the lower part or the oil pan can be left on the frame, 
as it seldom needs to be removed. 


To remove the lower crank-case cover, it is necessary to take 
out fourteen capscrews (5/16 x 7/16’’). Be careful not to 
destroy the gasket, and watch for oil in pockets under the 
connecting rods. Note that the lower crank-case cover is the 
part to which the upper arrow points. 


Remoying No. 4 Connecting-Rod Cap 


Bring the No. 4 connecting rod about half-way 
up on the up-stroke. Remove the cotter pin and 
nut from the right connecting-rod bolt. Now turn 
the crank shaft over, by means of the starting crank 
until the connecting-rod cap is about half-way down 
on the otherside. Pullout the other cotter pin and 
remove the nut from the bolt. The Ford socket 
wrench No. 2322 can be used, if a couple of inches 
are cut off from the handle; or the Walden wrench 
No. 5810 is specially made to reach this nut, and is 
very useful for this purpose. 


Be careful that the nuts and parts do not fall 
into the transmission case, and mark the connecting- 
rod cap with a center punch before taking it off, so 
that it can be replaced in exactly the same position. 


Itis a good plan to stuff a rag into the transmission 
case while removing or replacing connecting-rod nuts 
and cotter pins. If they are accidentally dropped, 
they may then be easily recovered. The rag used 
should be free from lint or grit. 


When the connecting rods become worn, they may be re- 
turned, prepaid, to the nearest Ford agent or branch house for 
exchange at a price of $1.00 each to cover the cost of rebabbit- 
ting. It is not advisable for any owner or repair shop to 
attempt the rebabbitting of connecting rods or main bearings, 
for without a special jig in which to form the bearings, satis- 
factory results will not be obtained. The constant tapping of a 
loose connecting rod on the crank shaft will eventually produce 
crystallization of the steel, with the result of a broken crank 
shaft; and possibly other parts of the engine may be damaged, 


CRANK-SHAFT MAIN BEARINGS; CAM-SHAFT REMOVAL, ETC. 


Crank-Shaft Main Bearings 


Wear of the main bearings of the crank shaft 
will be evident by a rather heavy pound or thud, 
especially when the engine is pulling hard under a 
heavy load. 


1See also pages 787, 789 on fitting Ford engine bearings. 


Wear of these main bearings may be due to 
long use; not enough, or poor quality of oil, allowing 
the engine to knock; carrying the spark too far 
advanced, or carbon in the cylinders; a sprung crank 
shaft; or failure to drain out the old oil regularly. 


The rear main bearing carries the heaviest load 
and is usually the first to show signs of wear. This 
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rear bearing supports the flywheel, the magneto, and 
one end of the transmission, in addition to support- 
ing the crank shaft:against the thrust of the pistons, 


Looseness in the rear main bearing may be 
detected by running the engine on No. 4 cylinder 
and having the throttle wide open. This will show 
up a loose main bearing. 


The rear main bearing cannot be tightened with- 
out taking the engine out of the car, as explained 
under Fig.69. The middle bearing can be tightened 
without taking the engine out of the car, but it 
seldom needs adjusting unless the other bearings 
need it also. 


Unless the bearing is burned out or badly worn, 
the center and front bearing can be taken up by 
removing the bottom cover without removing the 
engine. Remove the cotter pins from the bolts 
between No. 2 and No. 3 cylinders, and while one 
man has a wrench on the nuts, another man beneath 
the car turns the bolts out. If there are shims, 
loosen the bolts just enough to pull the shims out 
with a pair of pliers. If there are no shims, remove 
the cap, and file. Be sure to mark the caps, if they 
are removed. 


Fig. 69 


Fig. 69. To remove the center and front main bearing, 
remove nuts at (A) and (B), and draw the long crank-shaft 
bearing bolts (14 x 6 1/16” x 20 threads) out from the bottom, 
when the lower bearing caps can be removed. It is not neces- 
sary to remove the engine from the frame. 


To remove the rear main bearing, it is necessary to remove 
the engine from the frame. If a special Ford wrench No. 1929 
is used, one flywheel bolt, holding the flywheel to the end of the 
crank shaft (seé Fig. 49, page 1101) can be removed without fur- 
ther dismantling; then remove the two bearing nuts from the 
lower part and the bearing cap will lift off. 

To remove the cylinder head: Disconnect the water hose 
from the top plate, after first draining the radiator; disconnect 
the spark-plug wires. _Remove the cap screws holding the head 
to the cylinders, and lift off. This can be done without remov- 
ing the engine from the frame. (See also Fig. 52, page 1102.) 


Fig. 70. Illustration showing the main bearing cap and 
pearing bushing, which is babbitt lined. Shims between the 
bearing cap and upper bearing not shown. The three main 
bearings on crankshaft are babbitted. On the old 1910 models, 
the upper halves of the main bearings were plain iron and not 
babbitted. 


Adjusting Main Bearings! 


First: Take the engine out of the car. Remove 
the crank case, transmission cover, cylinder head, 
pistons, connecting rods, transmission, and magneto 
coils. Remove the three babbitted caps and clean 
the bearing surfaces with gasoline. Prussian blue 
is then applied, or red lead, to the bearing surfaces 
of the crank shaft, which will enable one to deter- 
mine whether a perfect bearing surface is obtained 
when fitting the caps. 


Paae a hare 
1 See also page 784 on “Adjusting Bearings,’ 
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Second: Put the rear cap in position first, and 
tighten it up as much as possible, being careful not 
to strip the bolt threads. The bearing, when prop- 
erly fitted, will permit the moving crank shaft with 
one hand. If it cannot be turned with one hand, 
contact between the bearing is too close, and the 
cap requires shimming up, one or two thin shims 
usually being sufficient. 


If the crank shaft moves too easily with one hand, 
the shims should be removed or the steel surface of 
the cap filed off, thereby causing it to set closer. 


Third: After the cap has been removed, note 
whether the blue or red “‘spottings”’ indicate a full 
bearing the length of the cap. If “‘spottings” do 
not show a true bearing surface, the babbitt should 
be scraped and the cap refitted until it-fits properly. 
(See Index under “Adjusting main bearings.’’) 


Fourth: The rear cap can now be laid aside and 
the adjustment of the center bearing can be made 
inthesamemanner. The operation can be repeated 
with the front bearing. 


Fifth: After you have obtained the proper adjust- 
ment of each bearing, the babbitt surface should be 
cleaned carefully and a little lubricating oil placed 
on the bearings and on the crank shaft; then draw 
the caps up as close as possible—making sure that 
the necessary shims arein place. Thereisno danger 
of getting the cap bolts too tight, as the shim under 
the cap and the oil between the bearing surfaces 
will prevent the metal being drawn in too close a 
contact. Put oil on the bearing surfaces, otherwise 
the babbitt is apt to cut out when the engine is 
started before the oil in the crank case can get into 
the bearing. When the crank case and transmission- 
cover on the engine are replaced, a new set of felt 
or cork gaskets should be fitted to prevent oil leaks. 


Note. If the upper main bearings are worn considerably, 
and adjustment is made by drawing them up tight against 
the worn surface, by filing and fitting the bearing caps, this 
may cause the crank-shaft gear to mesh tighter with the cam- 
shaft gear, thus resulting in a singing noise in the gears. 


Crank-Shaft End Play 


As aresult of wear by the end thrust on the outer 
end of the rear main bearing, this will in time cause 
sufficient play to permit the magnets to strike the 
magneto coils. 


The remedy is a new main bearing; or, refer to 
this subject elsewhere; see page 786: ‘End play 
in main bearings.” 


To Remove Crank Shaft 


First remove the connecting rods and the main 
bearings; disconnect the bolts holding the flywheel 
to the flange of the crank shaft, using the Ford 
special wrench No. 1929. 


Removing the Cam Shaft 


It is sometimes necessary to remove the cam shaft 
in order to install new push rods, or to replace worn 
cam-shaft bearings, as the bearings are sometimes 
the source of knocks that are difficult to locate. 


It is a comparatively easy matter to remove the 
cam shaft when the engine is out of the car, but, 
contrary to the opinion of many owners of Ford cars, 
it is also fairly easy to remove the cam shaft without 
removingythe engine, 
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Procedure for cam-shaft removal: Remove the 
‘pin which holds the fan-belt pulley on the crank 
shaft (see Fig. 71). Drive the fan-belt pulley for- 
ward. Remove the cap screws which hold the 
cylinder front cover to the cylinder block. _Remove 
the commutator brush assembly, after driving out 
the pin which holds it to the cam shaft. Now the 
cylinder front cover canberemoved. Next, remove 
the two cap screws in the side of the cylinder block 
which hold the cam-shaft bearings in place. 


It may now be possible to pull out the cam shaft 
with its bearings, but if not, the plate on the lower 
part of the crank case should be removed, after the 
cap screws which hold this plate to the crank case 
have been taken out. 


Then a drift, or brass bar can be used to drive the 
cam shaft out from below, holding the end of the 
brass bar against one of the cams and striking the 
other-end of the bar with a hammer. Care should 
be taken not to punch a hole through the cast-iron 
cylinder block while doing this part of the work. 


After the cam shaft has been removed, the push 
rods will drop down and can be removed through 
the opening in the bottom of the crank case. Be 
sure to remove all the push rods. 


Installing New Push Rods (Tappet Rods) 


Place the new push rods in the guides. Small 
holes, near the top of each push rod, will now be 
noticed. After putting the push rods in place, slip 
nails, or a piece of wire, through these holes, to keep 
them in position while the cam shaft is being 
replaced. Then the cam shaft and its bearings can 
be driven in, and the cap screws (which hold the 
bearings) tightened. 
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The marks on the small crank-shaft gear and on 
the large timing gear should be placed together, and 
the valves tested to make certain thatthe 
valves open and close at the proper time. Then 
the front cylinder cover plate should be replaced, 
and the timer brush assembly, and also the timer 
cover; then the fan-belt pulley and the starting- 
crank pin, and finally the fan belt. (Fordowner.) 


Removing Starting-Crank Ratchet 


Drive out the pin which passes through the start- 
ing crank and ratchet (see Fig. 71). Pull the 
starting crank forward and out of the ratchet. It 
may be necessary to support the crank by a block 
and to drive off the ratchet by means of a drift placed 
against the shoulder of the ratchet. 


Fig. 71. Method of drawing out pin in fan-belt pulley 
with which the starting-crank ratchet engages. 


Removing Fan Pulley 


Remove the ratchet, as explained above. Drive 
out the pin in the fan-belt pulley, as shown in Fig. 
71. Move the pulley forward off the crank shaft. 


CAUSES OF ENGINE KNOCKS; CARBON; OVER-LUBRICATION 


Causes of Engine Knocks 


1. Carbon is the most frequent cause of engine 
knocks. 


2. The spark too far advanced will waste power and 
cause a knock. 


3. Loose connecting-rod bearings will cause knocks. 
4. Worn crank-shaft main bearings cause knocks. 


5. Piston slap, due to a loose piston, will cause 
knocks. 


6. Worn or broken piston rings will cause a light 
knock. 


7. The piston striking the cylinder-head gasket. 
8. Loose cam-shaft bearings. 


9. Valve tappets out of adjustment, or badly worn, 
will cause noise. 


How to Distinguish Knocks 


1. The carbon knock is a clear, hollow sound, most 
noticeable in climbing sharp grades, particularly 
when the engine is heated. It is also indicated 
by a sharp rap immediately on advancing the 
throttle. 

2. Too advanced a spark will be indicated by a dull 
knock in the engine. ; 


3. The connecting-rod knock sounds like the dis- 
tant tapping of steel with a small hammer, and 
is readily distinguished when the car is allowed to 
run idly down grade, or upon speeding the car 
to twenty-five miles an hour; then, when sud- 
only closing the throttle, the tapping will be very 
distinct. 


4. The crank-shaft main bearing knock can be dis- 
ees when the car is going uphill, as a dull 
thud. 

5. The loose piston knock is heard only upon sud- 
denly opening the throttle, when the sound pro- 
duced might be likened to a rattle. (See also 
pages 777, 460: ‘Engine knocks.’’) 


Overheating of Engine 


This subject is fully treated under the “Digest of 
Troubles,” page 460, and under the discussion of the 
“Cooling” subject, page 152. 


Water Pump for Ford Engine 


Overheating of the engine as a result of long runs 
or where there are many hills to climb, or a tendency 
on the part of the radiator to steam, can be remedied 
im many instances by attaching a water pump which 
— more rapidly circulate the water in the cooling 
system. 


The Cluley water pump for the Ford operates from 
a double-flanged pulley on crank shaft, and inde- 
pendent of thefan. There are several good features 
to this particular pump. It can easily be attached. 
(Address Cluley Auto Supply Co., Fullerton Bldg., 
St. Louis, Mo.) | 


Before and After Carbon Cleaning 


First: Drain the water off by opening the pet 
cock at the bottom of the rACRHOE fark Aigo 
nect the wires at the top of the engine and also the 
radiator connection attached to the radiator, Re- 
move the fifteen cap serews which hold the cylinder 
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headin place. Take off the cylinder head and, with 
a putty knife or screwdriver, scrape from the 
cylinder and piston heads the carbonized matter (as 
in Fig. 72), being careful to prevent the specks of 
carbon from getting into the cylinders or other 
openings. 


if carbon gets into cylinder-head cap-screw holes, 
it might prevent the cap screws from drawing up 
the cylinder head tightly, or it might cause the cap 
screw to be broken off. To avoid this, put the cap 
screws back in the holes before removing the carbon. 


In replacing the cylinder-head gasket, turn the 
engine over so that No. 1 and No. 4 pistons are at 
top center; place the gasket in position over the 
pistons and then put the cylinder headin place. Be 
sure to draw the cylinder head cap screws down 
evenly (i.e., give each one a few turns at a time); 
do not tighten them at one end before drawing them 
up at the other. See Fig. 66, page 733. 


Removing Carbon 


Carbon removal is most easily done with a putty 
knife, after the cylinder head has been removed. 


The flexible putty knife follows the surface better 
than the stiff and narrow blade of a screwdriver. 


Fig. 72. Removing carbon. 

Do not get the carbon in the openings into the 
water jacket. This would tend to impede the flow 
of the water and might cause overheating of ‘the 
engine. The openings into the water jackets and 
the holes for the cylinder-head bolts can be plugged 
with wooden plugs, or pieces of cloth, until the 
scraping has been completed. (See also page 763.) 


Over-Lubrication of Cylinders 


When the spark plug is constantly oily or fouled 
and constantly missing, and an excess of smoke is 
emitted out of the exhaust, this indicates that too 
much oil is working past the piston rings, or at least 
that too much oil is passing into the combustion 
chamber from the crank case. 


Causes of Over-Lubrication 


1. The oil level in the crank case may be carried too 
high. It should not be above the upper petcock 
in the crank case. (See Fig. 3, page 1083.) 

2. The front spring may be sagged. If the front 
end of the engine is lower than the rear, the oil 
will not drain back into the sump until there is 
too much oil under the front piston. A heavier 
pad between the front spring and the frame will 
level the engine. 

3. The cylinder bore may be worn oval by the side 
thrust of the connecting rods on the pistons, or 
the cylinder walls may be grooved and scored. 
All four cylinders should be rebored at the same 
time, and fitted with oversize pistons. 

4. The points of the spark plugs may be too close 
together, thus allowing oil to short-circuit them 
too easily. Bend the points slightly farther 
apart (not over 1/32’’), and bend the side elec- 
trode upward, so that the oil will drain off to one 
side and not collect between the points. 


5. For leaky piston rings see pages 828 and 815. 
A broken piston ring will be indicated by aclick or 


_ light knock, by loss of compression, and by smoke 


from the oil filler pipe or crank-case breather. 


Well-fitted pistons and rings will almost invari- 
ably cure trouble caused by over-lubrication of the 
cylinder. If it does not, and none of the foregoing 
is the cause, then the engine is afflicted with what is 
termed “piston pumping oil,” which is explained on 
page 168, and the remedy is to doctor the rings and 
piston, 


GASKETS FOR FORD POWER PLANT 


Cylinder-Head Gaskets 


There is a copper-asbestos gasket between the 
cylinder head and the cylinder block. There is 
practically no water pressure on this gasket, but 
there is a cylinder pressure, of from 60 lbs. on the 
compression stroke, to 250 Ibs. on the firing stroke, 
which must be withstood by the gasket. 


As the cylinder-head bolts contract when cool, 
and expand when hot, there are varying degrees of 
pressure on the gasket; so the cylinder head must 
be securely seated to keep the cylinder head gasket 
from blowing out. (See also page 733: ‘‘Gaskets.’’) 


The gasket is composed of asbestos fabric, 
between sheets of brass and copper. (See also 
Index under “‘Gaskets.””) If examined closely, one 
end of the gasket will be found to have a different 
curve from the other. When the gasket is placed 
on the cylinder block, with its edges coinciding 
with the edges of the block, the right side of the 
gasket will be turned upward, and no further 
trouble will be experienced. 


Shellac should not be used on either side of the 
cylinder-head gasket, or on any of the other gaskets 
on the engine. If shellac is used, it will not be pos- 
sible to remove the gasket without spoiling it. 
But if grease is used, the grease will hold the gasket 
in place when the parts are being assembled, and it 
will cause no trouble when the engine is again taken 


apart. In this manner the cylinder-head gasket 
can be used several times. 


NO/. COPPER CYLINDER 
HEAD GASKET 


CRANA CASE | ‘ 
GASKET FELT. ‘ o 
TRANSM/SS/ON CASE 
GASKET FROM HERE 
TO ENO. 


Fig. 73. Left side of Ford engine, showing location and 
kinds of gaskets used. 


The metal surfaces between which any of the 
gaskets are clamped should be clean and free from 
grit. A small lump of dirt will tend to cause a 
leak and spoil the gasket. 

Asbestos can be substituted for the head of the 
cylinder if copper cannot be secured. Use sheet 
asbestos, 1/16” thick x 7’’ x 20’. 
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Ford Gasket Sets 


Sets of gaskets and felt washers for Ford cars are 
shown in Fig. 75 and their location can be seen in 


908 
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CYLINDER 
VE 


TRANS. CASE 
COVER GASKET 
FLL. 


TRANSMISSION 

CASE GASKET 

FELT NO.6 TRANS. 
ORAIN PLUG GASKET. 


LWO3 COPPER GASKET 
CARB. TO INLET 


Fig. 74. Right side of Ford engine, showing different loca- 
tion and kinds of gaskets used. 


Fig. 75. Gaskets used on the Ford car, enumerated as follows: 


2580: universal ball cap gasket. 
3070: crank case and cylinder gasket (L.H.) 


8071: crank case and cylinder gasket (R.H.) 
3102: crank case lower cover gasket. 

3111: cylinder valve cover gasket. 

3363: transmission cover front gasket. 

3377: transmission cover gasket. 

3379: transmission sloping door gasket. 
3461: control bracket felt. 

4-F: transmission cover strip 734” x 14” x 3/64”. 
5-F: crank-case arm strip 314” x 14” x 3/64”. 
3544: steering bracket. 

2510B: for rear axle, 2 7/16” x 14” x 5/16”. 
2809: for front hub, 214’ diameter. 


3012: for cylinder cover, 2” x 1 3/16” x 3%” (goes between 
gear case and cylinder block). 


$279: for magneto contact, 1144” x 34” x 3/64”. 


GUIDE SCREW 


GASKET 
CYLINDER BLOCK 


Fig. 76 Ure 7474 

Fig. 76. Guide screws are handy for correct replacement of 
cylinder-head gasket. They are made from cap screws with 
the head cut off and slotted. Place one at the front and rear 
diagonally opposite. Then place the gasket over the guide 
screws and replace the cylinder head. The screws can then 
be removed. 


Fig. 77. Cylinder-head cap screws are sometimes broken 
off when being tightened. Ordinarily, this involves the 
removal of the cylinder head and the attempt to drill out the 
broken part of the bolt. It is not easy to hold the drill perfectly 
true, so that the threads will not be damaged, but by the use of 
the drill guide (G) furnished with the set, the drill can be held 
perfectly central, without the necessity of removing the 
cylinder head. Then the threads can be cleaned out with 
the 7/16” tap, and the new bolt installed. The cylinder bolts 
must be kept rather tight, or water may escape around the 
cylinder-head gasket. (See also page 716 for ‘““Ezy Out’’). 

If the cylinder-head cap-screw threads become stripped, it 
is not advisable to drill a hole in the head for an ‘‘oversize”’ 
screw; drill a cylinder-block tap and set in not less than a % 
x 18 thread blind plug, then drill and tap for a standard cap 
screw (7/16 x 14). 7/16 means the size of screw, and 14 means 
the number of threads to the inch. 


FORD IGNITION 


The electric system of a Ford model ‘‘T” car can 
be classified into two divisions: 


1. The ignition system. 
2. The starting and lighting system. 


The ignition system consists of: 


1. A low-tension magneto of the inductor type, 
which is the source of electric current for the 
ignition. 

Note. When the Ford is equipped with a starting and light- 


ing system, the current is taken from either the battery, 
generator, or magneto. 


2. A high-tension coil which transforms the low- 
tension current to a high-tension current, 

3. Spark plugs, of which there are four. 

4. An ignition commutator. 


Ignition Circuit 


The ignition circuit, when the magneto is used as 
a source of electric supply, is shown on page 249 and 
in diagram IV, page 1126. 


The Ford magneto is fully described elsewhere in 
this book; therefore see page 248: “Ford mag- 


neto.”” The magneto is located as shown in Fig. 
78 below. 


Fig. 78.__An exaggerated illustration showing the ma 

: ¢ J gneto 
location. Note the coils (C) which are stationary, and the mag- 
nets (A) which rotate. When the flywheel revolves, the sixteen 
magnets revolve in front of the sixteen coils, 


The Ignition Coil Box 


The coil box contains four high-tension (vibrator 
type) coil units. The units can be removed from 
the box in case one is damaged. Connéctions to 
the coils are in the rear in Fig. 79. 


The principle and construction of this coil is 
clearly shown and explained on page 222. 
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Fig. 79. The coil box containing four high-tension coil units. 
A separate unit is shown to the right. 


The Ignition Commutator 


The commutator is of the roller type. Itis placed 
on the end of the cam shaft, that is, the roller 
mechanism is attached to the end of the cam shaft 
and revolves with it. Therefore the roller revolves 
at half the speed or revolutions of the crank shaft. 


PULL ROD CONNECTION 7s 


(OQ) ALUMINUM CASING 
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COMMUTATO —— S 
ROLLER: D> 
poe. LOCK NUT 
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NIPPLE 
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LOCK NUT 


COMMUTATOR 
SPRING 

COMMUTATOR 
ROLLER ARM 


Fig. 80. The ignition commutator. 


The roller makes contact with the insulated con- 
tact points, of which there are four, and which do not 
revolve. When the roller comes in contact with 
one of the four insulated contact points, the coil 
unit connected with it becomes operative. As 
the roller leaves the contact, the coil becomes 
inoperative. 


To advance or retard the time of spark, the hous- 
ing is connected at the ‘‘pull-rod connection” (Fig. 
80) with the spark lever on the steering wheel. 


Ignition Troubles 


Ignition troubles on the Ford may be divided into 
four classes. 


1. Spark-plug troubles. 

2. Commutator troubles. 
3. Coil units out of order. 
4. Magneto out of order. 


Spark-Plug Troubles 


This subject is fully treated on pages 233-239. 


When tightening spark plugs, never draw a spark plug down 
tight into ete cylinder head. When the cylinder head is hot, 
the diameter of the spark-plug hole is slightly enlarged, while 
the spark plug which is comparatively cooler is nearer its 
normal diameter. When the engine becomes cool, the cylinder 
head shrinks on to this plug, making it almost impossible to 
remove it. Correspondingly, if the repairman, finds a tight 
spark plug he may be able to remove it by running the engine 
until it becomes thoroughly warm. 

If considerable trouble is experienced with plugs sticking, it 
is advisable to wipe the threads with some flake graphite which 
has been mixed with a little oil, before screwing them into the 


cylinder head. 


Ignition Commutator Troubles 


If misfiring occurs when running at high speed, 
and is not due to the spark-plug gap, inspect the 
commutator. 


Removing commutator: Remove the cotter pin 
from the spark rod and detach the latter from the 
commutator at the ‘“‘pull-rod connection” (Fig. 80). 


Loosen the cap screw which goes through the 
breather pipe on top of the timer gear cover. This 
will release the spring which holds the commutator 
case in place, and this part can be removed. 


Unscrew the cam shaft lock nut; withdraw the 
steel brush cap and drive out the retaining pin. The 
brush can then be removed from the cam shaft. 


Inspection and Repair of Ignition Commuta- 
tor and Wiring 


The surface of the circle around which the roller 
travels should be clean and smooth, so that the 
roller makes a perfect contact at all points. If 
the roller fails to make a good contact on any one of 
the four contact points, its corresponding cylinder 
will not fire. In ease the fiber, contact points, and 
roller of the commutator are badly worn, the most 
satisfactory remedy is to replace them with new 
parts. Or possibly the trouble is caused by short- 
circuited commutator wires. 


The spring should be strong enough to make a 
firm contact between the roller and contact points, 
even though slightly worn or dirty. 


Other causes of misfiring may also be an improp- 
erly seated valve, or a short circuit in the commuta- 
tor wiring. 


Weakness in the valves may be easily determined 
by lifting the starting erank slowly the length of 
the stroke of each cylinder in turn, a strong or weak 
compression in any particular valve being easily 
detected. It sometimes happens that the cylinder- 
head gasket (packing) becomes leaky, permitting 
the gas under compression to escape, a condition 
that can be detected by running a little lubricating 
oil around the edge of the gasket and noticing 
whether bubbles appear or not. Another source of 
leakage is around spark plugs. Test in the same 
way (see page 239). 


How a short circuit in the commutator wiring 
may be detected: Should the insulation of the 
primary wires (running from coil to commutator) 
become worn to such an extent that the copper wire 
is exposed, the current will leak out (i.e., a short 
circuit) whenever contact with the engine pan or 
other metal parts is made. A steady buzzing of 
one of the coil units will indicate a ‘“‘short” in the 
wiring. When driving the car, the engine will sud- 
denly lag and pound on account of the premature 
explosion. Be careful not to crank the engine 
downward against, the compression when the car is 
in this condition, as the “‘short”’ is likely to cause a 
kick-back. 


How an “open” (broken wire or loose contact) 
in the commutator wiring may be detected: Take a 
dry cell or storage battery and connect one lead from 
it to ground of the car. Connect the other lead to 
the battery terminal of the coil box (see Fig. 81) 
and turn the ignition switch to (B) side. 


Note. In cars equipped with a starting and lighting system, 
this procedure is unnecessary; just turn the ignition to the bat- 
tery. 
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Now short one commutator thumb nut (see Fig. 
80) to the engine by means of a piece of wire. If 
the coil buzzes, it indicates that this wire is in 
proper condition. Short the remaining thumb nuts 
one at atime. If the coil fails to buzz, itindicates 
that there is an “open” in the circuit leading to this 
thumb nut. Examine the contacts at both ends 
of this wire, and also examine the spring contacts 
inside the coil box. If these items prove satisfac- 
tory, the wire is broken at some point. Be careful 
if the engine is warm, as the shorting of one of the 
thumb nuts may cause the engine to start. 


To repair wiring, when a short is discovered, tape 
may be used to insulate the bare spot, but it is 
usually better to install a complete new set of timer 
wires, as they are quite inexpensive. The price of 
timer wires for cars not equipped with a starting 
and lighting system is 60 cents; for cars with a 
starter the price of timer wires is 90 cents. 


If a broken wire is discovered, it is best to install 
a new set of timer wires. However, if you are out 
on the road and cannot obtain a new set, a separate 
wire may be run from the terminal of the coil that 
fails, to its respective thumb nut on the commutator 
(see method of wiring given below). 


To install timer wires: When a broken, badly 
shorted, or oil-soaked timer wire is discovered, it is 
best to install anew set. (1) Remove the old timer 
wires by disconnecting them from the coil terminals 
and the commutator thumb nuts; (2) thoroughly 
clean the contacts at the commutator thumb nuts; 
(3) take a new set of wires and connect them to 
the coil terminals according to the color scheme 
shown in Fig. 81; (4) connect the other ends of the 
wires to the commutator thumb nuts, as shown in 
Fig. 81, according to the same color scheme, that is, 
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Fig. 81, 


the black wire on No. 1, the red on No. 2, the green 
on No. 4, and the blue on No. 3; (5) note that all 
four wires pass under the priming rod, that Nos. 
1 and 3 pass behind the commutator spring, and 
that No. 3 passes behind the commutator pull rod, 
thus protecting them from the fan belt and excess 
chafing; (6) to connect the light wires see Fig. 100 
for cars not equipped with starters, and see Fig. 102 
for cars with starters. 


The parts of a commutator most likely to get out 
of order are: the roller, the spring, or the fiber 
lining and contacts in the commutator shell. 


Replacing the brush (commutator roller assem- 
bly): See “Timing of ignition” on page 1113. 


Cold weather effect on a commutator: It is a 
well-known fact that in cold weather even the best 
grades of lubricating oil are apt to congeal to some 
extent. If this occurs in the commutator, it is very 
apt to prevent the roller from making perfect con- 
tact with the contact points imbedded in the fiber. 
This makes difficult starting, as the roller-arm 
spring is not stiff enough to brush away the film of 
oil. To overcome this, as well as any liability of 
the contact points to rust, we recommend a mixture 
of 25 per cent kerosene with the commutator lubri- 
cating oil, which will thin it sufficiently to prevent 
congealing, or freezing, as it is commonly called. 
You have probably noticed in starting your car in 
cold weather that perhaps only one or two cylinders 
will fire for the first minute or so, which indicates 
that the timer is in the condition described above; 
as a consequence a perfect contact is not being made 
on each of the four terminals. 


Ignition Coil Units 


The four coil units on the Ford are contained in a 
metal box with a slanting cover (see Fig. 79) which 
enables them to be taken. out of the box, without 
removing it from the dash. Some of the 1914 and 
1915 metal coil boxes had straight covers, but when 
this type is used on a cowl dash (1916 or 1917 body), 
the units cannot be taken out without taking the box 
off the dash. 


The earlier wood box coils were much inferior to 
the present type, and the Ford Motor Co. makes an 
exchange proposition on these wood box coils which 
should be carefully considered before replacing 
defective coil units in wood-coil boxes or installing - 
new points. 


Adjusting vibrators: With the spring held down, 
the gap between the vibrator points should be 
slightly less than 1/32’. Then set the lock nut so 
that the adjustment will not shake loose. Each 
coil unit should be adjusted to take about 11% 
amperes, aS measured by an ammeter. See also 
the K.W. Ford coil adjustment (Fig. 2, page 222 
and also page 188). : 


Hard starting, due to vibrator adjustment: If 
there is too much tension on the vibrator springs‘ 
the weak current generated by the magneto at 
cranking speeds will not be sufficient to cause the 
vibrators to buzz, and it will be difficult to start the 
engine. Too little tension will not let the vibrators 
respond quickly, and the engine will run unevenly. 


A defective coil unit: This can be dete 
. defe: C : cted b 
noticing if the vibrator buzzes without producing ‘ 
spark at the plug. Then the suspected unit can be 
exchanged with another unit to make sure that the 
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trouble is actually in the coil unit. A punctured 
condenser is indicated by a heavy spark at the vibra- 
tors and a weak spark at the spark plug. 


If the engine has a tendency to miss when driving 
over rough roads, this may be due to the coil units 
not fitting tightly in the coil box. The bouncing of 
the car makes the coil units touch the metal cover 
of the box and causes misfiring. 


Sometimes, misfiring is due to the wooden lining 
of the metal coil box being damp and allowing the 
electric current to leak across from one terminal to 
another. 


Testing coil units and dressing contact points is 
fully treated on pages 222, 223, 224, 225. 


Timing the Ignition 


_ We will assume two conditions under which to 
time the ignition: 


1. Engine in disassembled condition. 
2. Engine in assembled condition. 


Timing Ignition; Engine Disassembled 


This should be done immediately after meshing 
the timing gears and checking the valve timing, as 
explained under Fig. 64, page 1104. 


The next operations are: 
1. Replace the timing gear cover. 


2. Place the commutator roller assembly in posi- 
tion on the end of the cam shaft. This roller can be 
placed in only one position on the cam shaft on the 
later models (see Fig. 82 below), that is, the slot 
in the roller assembly should line up with the hole in 
the cam shaft which is drilled only part way into 
the shaft. In the earlier models the hole was drilled 
clear through the cam shaft, thus permitting two 
positions of the roller. In this case, be sure that 
the roller points downward when the zero marks on 
the timing gears are together. In the later models, 
this is the only position in which it is possible to 
replace the roller. 


3. Insert the retaining pin. 


4. Replace the steel brush cap over the roller 
assembly hub. 


5. Serew the lock nut on the cam shaft. 


PISTON 
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Fig. 82. Timing or setting the Ford ignition. The com- 


mutator case is shown in a retarded position. 


By reading the matter on page 1104 (Fig. 64), it will, 
be noted that when the zero marks on the tim 
gears are together, No. 1 piston has not qujte 
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reached the top of the exhaust stroke, and the 
exhaust valve is just at the point of closing; con- 
sequently No. 4 piston has not quite reached the 
top of the compression stroke, and in this position 
(which is 34’’ before top dead center) No. 4 is not 
quite ready to fire as yet. Therefore, when the 
zero marks on the timing gears are together, the 
commutator roller should nearly, but not quite, 
make contact with No. 4 segment on the com- 
mutator case after the latter is replaced. 


6. Adjusting the position of the commutator 
case: Place the commutator case with wires 
attached over the roller assembly. 


7. Clamp in position by means of the commutator 
spring shown in Fig. 81. 


8. Turn the engine over slowly by means of the 
crank until No. 1 piston passes upper dead center 
and then descends 1%” on the suction stroke. The 
top of the piston will then be 3/16” above the cylin- 
der block, as shown in Fig. 82. No. 4 piston will 
then be in a similar position on the power stroke. 
With spark retarded, No. 4 should now fire. 


9. Turn the commutator case until the roller just 
makes contact with No. 4 segment, as shown in 
Fig. 82. If the ignition switch is turned on the 
battery, the coil will buzz when contact is made. 


10. The length of the commutator pull-rod can 
be adjusted by turning the ball-and-socket joint 
on its thread, or by bending the rod itself. This 
length should be adjusted so that the pull rod will 
fit into its hole in the commutator case (when the 
spark lever is fully retarded, up) without disturbing 
this position of the case. Insert the cotter pin in 
the commutator pull-rod. 


When the spark lever is advanced, the roller will 
make contact when the piston is 34’’ from top dead 
center on the up or compression stroke. 


Timing Ignition; Engine Assembled 


When the engine is in an assembled condition, the 
ignition may be timed as follows: 


1. In the earlier models, turn the crank shaft until 
the exhaust valve on No. 1 cylinder just starts to 
close. Place the commutator roller in position so 
that it points downward. In the later models, this 
is not necessary, as the roller can only be placed on 
the cam shaft in one position. 


2. Install the commutator case with wires. 


3. Place the spark lever three notches down 
(almost retarded). 


4, Adjust the length of the pull-rod so that the 
pull-rod connection is 44’’ to the left of the fan 
bracket bolt, as shown in Fig. 82. 


Ford Magneto 


How magnets are located on the flywheel: The 
like poles of the magnets are placed together, that 
is, N to N, and § to 8, as shown in Fig. 83 (see also 
page 248). 


Before assembling the magnets (if disassembled), 
test them and chalk mark the N poles. After 
assembling, test their-correctness by passing a com- 
pass around the flywheel, close to the outside of the 
magnets. The needle should reverse as each pair of 
poles is passed. If they are placed wrong, the 
needle will turn cross-wise and tremble. 
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Fig. 83. The magnet poles of the magneto are placed with 
like poles together, and are mounted on the flywheel. 


To test: The § pole of the magnet will attract the N pole of 
the compass needle, and the N pole of the magnet will attract 
the S pole of the compass needle. 


Cause of Weak Magnets 


1. Dirty contact as in Fig. 84. 


2. End play in bearings, caused by a worn crank- 
shaft bearing which permits the magnets to 
rotate at too far a distance, which makes the 
current weak. 


3. A grounded magneto coil will weaken the current. 


-~ > 
it 
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Dirt on the magneto terminal contact will cause 


Fig. 84. 
It can be removed and cleaned. 


dim lights and misfiring. 


Indications of Weak Magnets 
See the tester described on page 1117. 


(1) Dim lights. (2) Frequent backfires, or 
explosions in the muffler when running—possibly 
blowing the muffler up. 


The magneto is often blamed for trouble that lies 
elsewhere in the electrical system. A weak current 
will often be caused by dirt or waste collecting 
beneath the terminal contact spring on the crank- 
ease cover. To clean, remove the three screws 
holding the binding post, remove the post and 
spring, and clean as shown in Fig. 84. 


Check up the wiring for short circuits or grounds. 


To reach the magnets, it is necessary to remove 
the engine from the car. The common method of 
doing this is to remove the radiator, dash, and steer- 
ing gear, and to lift the engine out complete. By 
this method the base of the engine is left in the 
chassis, and the dash and steering gear are left 
undisturbed. Two experienced men can readily 
remove an engine and place it on the bench in 
thirty minutes by this method. 


Note. Before removing the engine, make sure that the 
trouble lies in the magneto. This may be done by trying to 
run the car on the battery ignition, when cars are equipped with 
storage batteries. When cars are not equipped with batteries 
use dry cells, connecting one lead to ground and the other to 
the battery terminal of the coil box (Fig. 81); then turn the 
ignition switch to the (B) side, If the engine will now run, it 
indicates the trouble to be in the magneto, but if the engine will 
not run, the trouble may be elsewhere. 


To Remove the Engine without Removing the 
Crank Case! 


: Drain the radiator. 

_ Remove the four bolts at the universal joint. 

. Remove the rear spring shackles and pull the rear axle back. 
(The rear of the car must first be blocked up.) 

. Disconnect the radiator stay rod. 

Remove the two bolts holding the radiator to the frame, 

and remove the radiator. 

. Unsnap the commutator and place it to one side. 

. Remove the spark-plug wires. 

_ Shut off the gasoline and remove the feed line from the car- 
buretor. 


. Disconnect the exhaust manifold from the exhaust pipe, 
and remove both intake and exhaust manifolds from the 
engine. 

10. Remove the fan-shaft bracket and timing gear case. 

11. Remove the two bolts holding the pans to each side of the 

base, and knock the pans down out of the way. 

12. Remove the base bolts. 

13. Remove the transmission case after loosening the reverse, 
low, and brake-transmission bands, and removing the 
starting motor, if so equipped. 

14. Lift the engine from the frame and place it on the bench. 

The lifting may be done with a hoist. It is quicker and 

easier, however, if three men take hold of it and lift it out 

by hand. One should straddle the engine at the rear and 
the other two should be at each side at the front. 


One 
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To Find Amount of End Play in Crank Shaft 


Before removing the transmission from the 
engine, test for crank-shaft end play as follows: 


1. Force the transmission as close as possible to the 
engine. 

Place a thickness gauge between the core of coils 
and the face of the magneto clamps. 


Pull the transmission as far as possible away from 
the engine block. 

Measure again with the thickness gauge. 

The difference between the two measurements is 
the amount of end play of the crank shaft. 


When there is more than .008” end play, a new 
bearing cap should be fitted. 


SA a 


End play up to .015”, while detrimental to a 
smooth-running engine, should not cause a weak 
magneto. 


Tearing Down the Engine and Testing the 
Magneto? 


1. Clamp the engine on the bench. 


2. Test the magnets on the flywheel, as shown in 
Fig. 85. The block of steel should just hang by 
acorner. The weight of this test block happens 


to be the same as that of the Ford cam-shaft gear. 
Failure to hold indicates weak magnets. 


Fig. 85. Method of testing strength of Ford magnets. 


1 For another method of removing the engine see page 1101. 
2 See the tester described on page 1117. 
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3. Remove the bolts holding the flywheel and trans- 
mission to the crank shaft. 


4. Remove the flywheel, magnet, and transmission 
unit, placing the latter face down on the bench. 


Fig. 86. Testing Ford magneto coils for grounds. 


5. If trouble is suspected in the magneto coils, these 
may be tested, as shown in Fig. 86. The two 
test points are connected to a 110-volt alternating 
current line (Fig. 86). The main ground of the 
coils is disconnected, and each coil is tested for 
shorts, grounds, or open circuit (see also Fig. 87). 

6. Chisel the heads from the ends of the brass 
magnet-retaining screws at the rear of the fly- 
wheel; when reassembling, use new screws. 

7. Turn the flywheel transmission assembly over 
and set it upright in a square box placed on the 
bench. 

8. Remove the wires holding the central magnet- 
retaining bolts. 

9. Using a bit brace screwdriver, unscrew the out- 
side magnet screws. 

10. Using a bit brace socket wrench, unscrew the 
* central retaining bolts. Clean all parts. 

Fig. 86 shows a testing outfit using four 32 c. p. 
carbon lamps. 


Testing Magneto Coils for Grounds 


Connect five or six dry cells to a 6-volt lamp (Fig. 
87). Attach one end of the terminal from the lamp 
to the magneto terminal (T). 


Then unsolder the grounded end of the winding 
at coil (C-2) and raise it so that it will not be in con- 
tact with the magneto frame. 


With the other wire from the battery, touch the 
iron frame (Y); if the lamp lights, then somewhere 
there is a ground of one of the spools in contact with 
the frame. 


The next step will be to find out in what particular 
portion of the winding the ground exists. 


Attach the test wire (W) to the metal part. This 
can easily be done by inserting the end under nut 
(Y), or by temporarily making a soldered joint at 
the point where the permanent ground was formerly 
attached. .If there is a ground, the lamp will then 
light. 

Loosen the coils, one at a time, and shake them 
vigorously, or move them up and down. This will 
cause the light to flicker, or go out and on when you 
reach the coil or section where the ground is located. 


1115 


_ The ground can sometimes be removed by clean- 
ing out the dirt and metallic particles and revarnish- 
ing with a special oil-proof varnish which can be ob- 
tained of Ford agents. Common shellac will not do. 


Fig. 87. Testing magneto coils for grounds. 


In replacing the defective magneto coil with 
another from an old magneto, soak it well in oil- 


‘proof varnish and press it firmly on the stud. Let 


it dry thoroughly before installing in the engine. 
It is to be understood that the replacement of a 
single coil is an emergency measure only, as it is 
better practice to replace the entire set. 


Note. The illustration (Fig. 87) shows the coil 
plate reversed. The bolt holes and recess for the 
cam shaft should be on top. 


Building up the Magnets 


If the magnets are found to be weak by the test 
shown in Fig. 85 (see also the tester described on 
page 1117), new magnets should be installed. 


1. Place the new magnets on the flywheel in the 
same order that they were in the box in which 
they were shipped from the factory, that is, so 
that the legs that do not attract each other are 
together. This means that like poles, or N and 
N and S and S poles are placed together (see 
Fig. 83, page 1114). 

2. Catch all the central retaining bolts in place, 
but do not tighten. 

3. Slip the outside spools under the magnet ends. 


4, Drop the magnet clamps on to the magnet ends, 
and catch the brass screws into their threads. 

5. Using a brace screwdriver, bring all the screws 
down snug. 

6. Pinch the ends of the magnets in with a pair of 
pliers until the sides of the magnets rest against 
the spacer on the clamps. 

7. Tighten the outside brass screws. 

8. Tighten the central retaining bolts. 


Fig. 88. Method of locking bolts by running a wire through 


the heads. 
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9. Using stovepipe or brass wire, lock the central 
bolts in position. The wire should be inserted 
as shown in Fig. 88 (when the holes are about in 
the position shown), as this creates a tendency to 
tighten instead of to loosen the bolts. 


10. Knock the four corners of each magnet clamp 
down over the magnets, so that they cannot 
interfere with the coils later. 

11. Test the magneto clamps for high spots. To 
do this, lay a straight-edge (such as a steel rule) 
across any three clamps. If the straight-edge 
“rocks,”’ the center clamp is high. Move the 
straight-edge around the magneto so that each 
magneto clamp will at one time be in middle, 
thus testing each clamp. 

12. Turn the assembly over, and head the brass 
screws at the rear of the flywheel. Before 
assembly, the engine should be inspected for 
loose or worn bearings, and if any are found, 
they-should be cleaned and adjusted. 

13. Inspect the magneto coils for high spots in a 
manner similar to that described for magnets 
under (11). 


Dead Points on Old-Type Magneto 


On the older model Fords which did not have the 
34’ magnets, there were certain dead points where, 
if the spark lever was placed in certain notches in 
the quadrant, the engine would not respond with 
increased speed. On the late magnetos, as the 
magnets pass from one end to the other as it revolves, 
there is no dead point. 


Later Magnets 34 Inch 


To install 34” magnets of the latest type so that 
electric lights can be used, as the crank-case and 
the transmission cover are similar, the necessary 
parts include No. 3250-D magneto-coil assembly, 
one set of 34’’ magnets, sixteen magnet clamps No. 
3277, and sixteen magnet clamp screws. (Former 
magnets were 5%’’,) 


Assembling the Magneto 


1. Test the crank-shaft flange for burrs or high 
spots. 

2. Replace the flywheel-transmission assembly on 
to the crank-shaft flange, and secure it with the 
two opposite flange bolts. Draw these bolts up 
snug. 


CRANKING BAR WHEN 
FLYWHEEL IS REMOVED 


Fig. 89. Cranking the engine with the transmission in place. 


3. Using the crank ag shown in Fig. 89, turn the 
flywheel and note whether the magnets inter- 
fere with the coils. The magnets are set 1/32” 
from the coils. 

4. The clearance or air gap between the coils and 
magnets should be .030’, which is almost 32, 
However the allowable limits are from .025” to 
.040”. If the gap is too wide, put the necessary 


shims behind the coil support. If the gap is 
too narrow, take out some shims. The steel 
shims are .015’”’, and the paper ones are .005”. 
The clearance may be measured with a thick- 


ness gauge. 


. Replace the two other flange bolts. 
. Tighten all the flange bolts. A short piece of 


round stock, wedged through one of the holes in 
the coil flange and caught behind the magnets, 
holds the crank so that the bolts may be drawn 
tight. 


. Again using the crank, as shown in Fig. 89, 


crank the engine quite fast. While cranking, 
short-circuit the magneto-contact point with 
the cylinder block, using a screwdriver. A fat 
blue spark shows the magneto to be in proper 
condition. 


. Place the locking wires in the crank-shaft flange 


bolts. 
Replacing the Engine 


Before replacing the engine in the base, the base 


should be thoroughly cleaned. The rivets holding 
the supports to the base should be tested to see that 
they are tight. All bolts should be inspected. 


Li; 


2. 


iN 


Place the standard Ford felt packing on each 
side of the engine base, setting it in heavy oil. 
Lift the engine up, and set itin place. Be care- 
ful not to slide it around any more than neces- 
sary. Three men can do this easily. 


. Line up the holes in the base with a small drift. 
. Replace the front gear cover. 
. Drive all the base bolts through their holes, 


from the bottom up, and catch the nuts on to the 
threads. Two men, one with aspeed wrench on 
the nuts and the other holding the bolts, can 
quickly fasten the engine to the base. 


. Slide the transmission bands in place. 
. Bring the lugs all together at the top, and wire 


them together tightly with a single strand of 
Stovepipe wire, or use a clamp similar to that 
shown in Fig. 28, page 1093. 


STRIP OF FELT 


Fig. 90. Method of packin Pelee - joi 
prevent leakage of oil. ° pares hae 


8. Place the short lengths of felt gasket at (A) (B) 


and (C), as shown in Fig. 90. Place 3 g’’ asbes- 
se ane and grease in the corners at (D) 
n : 


. Then place the standard Ford felt transmission 


gasket in place. The double-thickness felt and 
the asbestos wicking stop up the points that 
tend to leak. 
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10. Slide the transmission housing in place. Using 
a screwdriver, pry the bands into place. 

11. Knock the housing down flush, and tighten the 
two rear retaining bolts. 

12. Using a thin socket, or check-nut wrench, 
tighten the transmission bands. 

13. Replace the balance of the housing bolts, and 
bring them up snug. ‘ 

14. Slide the rear axle and drive shaft back into 
place, and secure them there. 

15. Assemble the engine fittings, such as fan, com- 
mutator, wiring, and manifolds. 

16. Replace the radiator assembly, hood, and floor 
boards. (Motor World.) 


To Test the Air Gap with a Ford Magneto 
Tester 


Another method for testing the strength of the 
magneto, which also determines the air-gap space, 
can be found very easily with the tester shown in 
Figs. 91 and 93, as explained below. 


To test the air gap space and strength of the 
magneto on a Car: 


1. Test the output of the magneto with the tester 
(Fig. 91), with the engine running at moderate 
speed. 

2. Remove the transmission cover and place a 
thickness gauge, 1/32’’, between the magnet and 
the coil core. If the gap is 1/32’, but the mag- 
neto has tested out as weak, the magnets need 
recharging. 

3. After remagnetizing the magnets (which can be 
done without taking the engine down; see below), 
test the magneto again with the engine running 
at moderate speed. The tester should show 
strong; if it does not, the probabilities are that 
the magneto coil is short-circuited. 

If some of the magneto coils become short-cir- 
cuited, or if the magnets are weak, the tester will 
read low. In other words, it tells you instantly, 
without removing the magneto from the engine, if 
the magneto isin proper condition. If notin proper 
condition, it is time to take the magneto out and to 
remedy the trouble. If it tests satisfactorily, it is 
time to look elsewhere for the trouble, and you will 
thereby save the time and trouble of removing 
the magneto in error. 

The meter scale is very simple. It has two read- 
ings (see Fig. 91). One is marked “‘1914,”’ meaning 
that on all magnetos before 1915, the needle should 
come to this mark. The other is marked ‘1915,” 
meaning that on all cars after 1915, the needle 
should reach this mark. (The Ford magnets were 
enlarged in 1915.) 


Example of a Ford Magneto Tester’ 


The Ford magneto generates ‘‘alternating”’ cur- 
rent. An ordinary ‘‘direct’’-current ammeter, as 
used for testing batteries and generators, will not 
operate. Therefore a special meter, as shown in 
Fig. 91, is designed for testing the Ford magneto. 


If the engine will not run at all,.and the ignition 
is the fault, an easy way to determine if the trouble 
is due to the magneto, is to connect a storage bat- 
tery, or five or six dry cells, to the battery side (B) 
of the coil (Fig. 92), and to turn the switch to (B), 
or to the right side. 


1 This tester can be secured of A. L. Dyke, Granite Bldg., 
St. Louis, Mo. Price $11.00. 


If the engine then starts, and runs satisfactorily, 
but will not start on the magneto, with the switch 
to the left, or (M) side, you may know that the 
magneto 1s not supplying current. This may be 
due to dirty or loose magneto terminals (T) or to 2 
weak magneto, due to weak magnets, or to grounded 
magneto coils. 


Fig. 91. Ford magneto tester. Note how the scale is 


marked. See text. 


The Ford magneto can be tested with a special 
magneto tester, as shown in Figs. 91 and 93. This 


‘instrument is nothing more than an ammeter, but 


one provided with a “reactance coil’ (R) (Fig. 93), 
which enables the meter to indicate a constant cur- 
rent at all engine speeds. In other words, the 
meter is so designed that it will indicate if the mag- 
neto is giving its proper output at any speed of the 
engine, while testing. 


Fig. 92 
Fig. 92. Method of connecting the battery to the ignition 
coils. 
Fig. 93. Method of connecting Ford tester. 


This instrument can be used to test the strength 
of the magneto while the engine is being run on a 
battery, if the engine fails to start on the magneto. 


If engine starts on the magneto, but continu- 
ally misses, and if the trouble is not due to other 
causes, then the tester can be used to see if the 
magneto is delivering its proper current, while the 
engine is being operated on the magneto. 


The connection for testing would be the same in 
both cases (Fig. 93), except that, when the engine 
is running on the battery, the wire from the ignition 
coil to the magneto is removed, and the switch is 
placed on (B) side (Fig. 92). 


The clearance or air gap of Ford magnets is the 
distance the magnets are from the core of the mag- 
neto coils. This should be as stated on next page. 
If they are farther away, the amperage and voltage 
will be less; if closer, the amperage and voltage will 
be greater, but there is danger that the magnet 
will strike the coil core. 


The tester is a great help when assembling the 
magneto on the bench. The “‘air-gap” can be 
adjusted to the point of greatest output, if you have 
the meter to test with as you assemble. The fly- 
wheel can be turned by hand fast enough, so that 
the instrument will give a steady reading. 
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Adjusting air-gap clearance: The clearance, or 
air gap, between the coils and magnets should be 
030”, which is almost 1/32’. The allowable 
limits are from .025” to .040”. If the gap is too 
wide, put the necessary shims behind the coil sup- 
port. Ifthe gap is too narrow, take out some shims. 
The steel shims are .015’’, and the paper ones are 
005”. 


If the needle fails to reach this mark, remagnetize 
the magnets. 


If then the magneto fails to test up to this mark, 
and the missing still occurs, and is not due to loose 
terminals, and runs satisfactorily with a battery, 
then you may know you have a “grounded’’ mag- 
neto coil. The magneto must be removed, the 
defective coil located, another put in place, and 
the “‘air-gap” clearance must be given as described 
above. : 
— ~Remagnetizing Ford Magnets 


There are various methods of remganetizing Ford 
magnets. The usual and proper method of remedy- 
ing weak magnets is to replace them with new ones. 
The Ford Co. does not advise everyone to attempt 
this work. This however necessitates taking down 
the engine and then reassembling. This makes a 
costly job, and is a big job. Therefore different 
methods of recharging magnets without removing 
them from the car will be given. 

Remagnetizing by electromagnet and battery:! It is not 
necessary to remove the flywheel from the engine when remag- 
netizing Ford magneto magnets with the device shown in Fig. 
94. Simply remove the transmission-case cover so that the 
ends of the magnets are available. Use a compass to determine 
the N pole of each magnet, and chalk them; also chalk the S 
pole of the remagnetizer. Place the S pole of the remagnetizer 
so that it will be on the N pole of the magnets. 

Turn the flywheel over after remagnetizing one magnet, and 
remagnetize each magnet separately. 

After remagnetizing, check the polarity of all magnets with 
the compass again. 

The connections are shown in Fig. 94. 
can be either a 6 or 12-volt battery. 
8 dry cells, if connected as in Fig. 95. 


_ The storage battery 
It is possible to use 6 or 


Permanent 


Magnet 


6 Volt 
| Storage Battery 


Fig. 94, Electromagnet using a storage battery for remag- 
netizing Ford magnets. 


FIG. 4 Dry Cells + 


Vig. 95. Dry cells can be used instead of a st 
if connected as shown. Sree Paty, 


Magnets of all types of magnetos can be charged with this 
remagnetizer. When remagnetizing magnets which are sepa- 
rated from the magneto, it is important to place a ‘‘keeper”’ 
across the magnets until placed on the magneto. It is also 


1Can be secured of A. L. Dyke, Granite Bldg., St. Loui 
Mo. Price $9.50 with Ford attachment and fulleinstrnebe net 


advisable to rap the magnet_a few times with a piece of wood 
while being remagnetized. See also page 312: ‘“Remagnetizing 
Magneto Magnets.” ; 

Remagnetizing with storage batteries: Five or_six, 6-volt 
storage batteries should be about right. Refer to Fig. 96. 

To prepare the magneto for recharging, first disconnect the 
wire (A) which goes from the magneto terminal on the transmis- 
sion cover to the coil on the dash. 

Next remove the transmission cover (B), so that you can look 
at the magneto. Locate the brass studs on the rim of the fly 
wheel which hold the magnets in place, and have someone turn 
over the engine very slowly until one of these brass studs is in 
line with an imaginary line drawn about 1” or so from the mag- 
neto terminal, to the left of the latter and paralleling the frame. 


‘ 4 
ISCONNECT 
Vier PRON mea 
MAGNETO eile 


FIVE 6*VOLT BATTERIES 


Fig. 96. Remagnetizing Ford magnets with storage batteries. 
Another method is to place an ordinary small compass on 
the transmission cover about 1” from and to the left of the 
magneto terminal, at the same time turning the engine slowly 
until the needle of the instrument is parallel with the engine. 
The N pole end of the needle should point toward the engine 
when in this position. 

Connections: Connect a wire from the positive (+) terminal 
of the battery to the magneto terminal on the engine, as shown 
at (C) (Fig. 96). 

Next connect a wire from the negative terminal on the bat- 
tery, and make and break the circuit by striking the free end 


‘of the wire on some metal part of the engine. 


Permanent connection should not be made, but only thirty 
or so momentary contacts, which, it is said, will recharge the 
magnets much more satisfactorily than if permanent contact 
is made. (Motor Age.) 

Dry cells can be used if necessary. Use 48 connected in 


series-multiple, as shown in Fig. 97. Connect the positive (+), 
or carbon poles, with the terminal. 


48 DRY CELLS IN SERIES MULTIPLE 


Fig. 97. Remagnetizing Ford magnets with dry cells. 

Resistance wire can be used. Use 13 ft. of nichrome No. 16 
wire, or 8 ft. of No. 18. If German silver, use 35 ft. of No. 16 
or 22 ft. of No. 18—in series, as shown in Fig. 98. 


“MAGNETO TERMINAL NOVOET D.C 


/ <4 / J OHM RESISTANCE COR 


Fig. 98. Method of remagnetizing Ford magnet ith 
110-volt direct current and pest ote gnets wi 


110-volt direct current can be used. To use this it will be 
necessary to use a resistance lamp bank, as shown in Fig. 99. 
Use twenty-eight 32 c.p, carbon filament lamps. Connect 
the Positive pole with the magneto terminal. Connected as 
shown, this gives 2744 amperes. To find the positive pole, or 
polarity of any circuit, see page 564, ‘‘Polarity, how to find.” 


Fig. 99. Method of r izi ; 
volt direct current and (Dene Peso abet rieg Es 
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LIGHTING CIRCUITS ON FORD CARS NOT EQUIPPED WITH STARTERS 


Two lamps can be connected in series to operate 
from the magneto, as shown in Fig. 100 below. 


COIL BOX 
NO.4 GREEN 


NO.3 BLUE. No.3 
NO.2 RED NO.4- 
NO.! BLACK HORN TO SWITCH wiht 


\. SaeORN TO TERMINAL WIRB 
. .I SPARK PL 
MotB eine 


HORN 
MAGNETO To LA 
MP WI 
COIL WIRE GROUNDED TO 
MAGNETO RADIATOR SUPPORT 


+ 
WIRE ASSEMBLY- 
(5 WAY CABLE 


Fig. 100. _ The wiring above shows the ignition and also two 
lamps in series which take current from the magneto on Fords 
that are not equipped with a starting and lighting system. 
The horn switch or button is on the steering post. 


The lamps are 9 volts, therefore, two being in 
series, they would require 18 volts, which voltage is 
taken from the magneto. Note that the lighting 
circuit is from the magneto contact or terminal to a 
connection on the rear of the coil, thence to the 
lamp switch, thence to the two lamps in series, 
thence to ground. A complete lighting circuit 
where the starting and lighting system is used is 
shown in Diagram V, page 1127. All details are 
‘shown in the illustration. 


The bulbs supplied on present Ford cars for the 
electric head lamps are 9 volts, 2 amperes, and best 
results will be obtained by securing lamps of this 
voltage and amperage when replacement is neces- 
sary. (See Fig. 100.) 


If alamp burns out, it will be necessary to replace 
_ it by removing the lamp door. 


Should the door be removed, care should be 
exercised not to touch the silver-plated reflector or 
the bulb with anything but a soft, clean rag, prefer- 
ably flannel. 

To focus the lamps, turn the adjusting screw in 
the back of the lamp in either direction until the 
desired focus is obtained. ‘ 


21 or 27 c.p. is standard for headlights. 
lamps, 4 c.p.; for dash or tail lamps, 2 ¢.p. 


The model “T” Fords are fitted with an 18-volt 
magneto, and therefore a 9-volt lamp in series would 
really last longer than 8-volt lamps in series, but 
the light would not be quite so bright. The older 
model magnetos gave 12 to 16 volts; therefore 6 to 
8-volt lamps were used—connected in series. 

Nitrogen bulbs, type C, are best (see pages 432, 
433), but are more expensive. 

When lamps are connected in paralle', 12 to 16- 
volts, one ampere, 15 c.p., type B bulbs can be used. 

Proper voltage: You should get good lights at 
eight piles per hour, and the bulbs should come up 
to full candle-power at about twelve miles per hour. 

If the bulbs do not come to full candle-power, 
and cast a yellowish light, you should use a bulb of 
smaller voltage. 


If the bulbs burn too brightly, throwing an exceed- 
ingly white light at slow speeds, the bulbs are of too 


For side 


low a voltage, and a higher voltage should be used. 
In this case, the life of the bulb would be very short. 


Dry cells for starting: The (B) side of the switch 
can be used for batteries (dry or storage) for starting 
and after starting, the switch is placed on the (M) 
or magneto side (see Fig. 92). The Ford Co. 
claims, however, that the magneto gives current at 
a very low speed and that batteries are not neces- 
sary. (If dry cells are used, use five or six.) 


Storage battery for ignition and lights can be 
connected in place of dry cells as shown in Fig. 92. 


In connecting a storage battery, the battery termi- 
nal should never be connected to the magneto 
terminal post on the dash, as this will demagnetize 
the magnets. 


Wiring: The timer and light wires are enclosed 
in a loom as furnished by the Ford Co. Extra 
wires used should be No. 16 flexible lamp cord, run 
through metal tubing or flexible loom. 


To Install a Storage Battery when a Ford Is 
not Equipped with a Starting and 
Lighting System 

For ignition, horn, and lighting, one terminal of 
the storage battery can be connected to the battery 
terminal in rear of the coil box (see Fig. 81). The 
other terminal is grounded to the frame of the car or 
ae (make clean contact and draw tight with a 

olt). 


coiL BOX 


Aa 


. SPOT. 
' ~ LIGHT 
Ah 


SWITCH 


Fig. 101. Method of wiring a storage-battery system to 
Fords not equipped with starting and lighting system. 


The wire to the (B) connection on the coil should 
have three branches (see Fig. 101). One branch 
should connect, through a single-pole switch, to a 
3-volt lamp on the dash. Then the wire from this 
dash lamp should proceed to a 3-volt tail-lamp at 
the rear of the car. The remaining wire from the 
tail-lamp should be connected to the metal of the 
chassis frame. This places the dash and tail-lamp 
in series, so that if the tail-lamp should burn out or 
become disconnected, the dash lamp would also be 
extinguished, thus warning the driver. 

Another wire should be connected, through a 
single-pole switch to the spot-light, the remaining 
wire from the spot-light being grounded. 

The third branch wire from the battery should be 
connected to the binding post on the left-hand 
corner of the coil box, looking from the radiator 
toward the dash. When the switch on the coil box 
is turned toward the binding post, to which the 
battery wire is connected, the battery will be con- 
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‘Horn Switch 


!Black Wire—Horn Switch to Terminal Block 


Yellow Wire to Ammeter 

Grey Wire to Light Bulb Terminal! 

Green Wire to Tail Light Terminal 

Red Wire to Magneto Terminal 

Brown Wire to Dim. Terminal 

Black Wire to Coil Terminal 

2————. Instrument Board 

No. 2 Red Wires to This Terminal: 

No. 3 Yellow Wires to This Terminal 
No. 4 Green Wires to This Terminal 

No. 5 Brown Wires to This Terminal 

No. 6 Grey Wires to This Terminal . 

6 Way Cable (Switch to Terminal Block) 
-5 Way Cable (Terminal Block to Lights, 
Mag. & Foot Switch) 

‘Terminal Block 

No. 4 Spark Plug Wire 


(Pos) (+) Positive Terminal of Battery 


Tail Light 


Green Wire to 
Tail Light 


Ground wire 


from Bat, to Battery to Switch Wire 


No. 3 Spark Plug Wire 
Frame ; Starting Switch No. 2. Spark Plug Wire 
tarting Switch to Motor Wire; No. | Spark Plug Wire. 
iy : ; Starting Motor Grounded to Transmission Cover 
ire to Terminal Block 
ee : Brown Wire Head Light Bright 
6 Way Cable: (lg & Light 
; YAS VETON ights) Grey Wire Head Light Din 
Generator Cutout 
Generator Grounded to. Cylinder Head Lights 
Grounded 
thru Lamps 
Brown Wire: 
‘ Grey Wire 
Fig. 102. 


Wiring diagram of the Ford model “T,” including the Ford electric starting and lighting system. This diagram 
is of value to the repairman when installing new wires. 


See pages 1125-1127 for two-color wiring diagrams showing the 
different circuits. 


Starting Motor 


Generator 


Fig. 103. Top view of Ford single-unit power plant, showing the location of the starting motor and generator. 
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nected for easy starting, and no other switch need 
be used. 


The bulb for the spot light should be rated at 6 
volts. The bulbs for the dash and tail-lights should 
be each rated at 3 volts. If desired, the bulb for 
the dash may be rated at 2 volts, and the bulb for 
the tail light at 4 volts. But they must be of the 
same amperage. Only two switches will be needed. 


The usual voltage of storage batteries is 6 volts; 
therefore lamps of this voltage should be used. 
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The number of hours a battery will operate de- 
pends upon the number and size of lamps used and 
ie et capacity of the battery (see page 


- When the battery is exhausted, it must be taken 
to a charging station and recharged. ‘There is a 
device known as the Warner battery charger, which, 
it is claimed, will rectify the magneto current from 
alternating to direct, and the battery can be charged 
from the magneto with it (see page 1139). 


THE F. A. STARTING AND LIGHTING SYSTEM AS INSTALLED ON FORD SEDANS AND 
COUPES 


Parts and Location 


The starting and generator system is a two-unit 
type, and consists of the following parts: generator, 
cut-out, combination switch, fuse, terminal block, 
ammeter, starting motor, storage battery, wire, 
headlamps with headlight bulbs and dimmer bulbs. 
The combination switch, ammeter, and priming rod 
are mounted on the cowl (Fig. 102). 


The Starting Motor 


The starting motor is mounted on the left-hand 
side of the engine and bolted to the transmission 
cover (Fig. 103). When in operation, the pinion 
Terminal Drive 


Shaft —_. 
4 Pinion. 


Armature 
Shaft 


BENDIX Set 


ASSEMBLY Screw 
STARTING MOTOR 
Fig. 104. Starting motor with Bendix drive parts removed 


from the armature shaft. 


on the Bendix drive shaft (Fig. 104) engages with 
the teeth on the flywheel, which is a ring gear with 
teeth cut in it and bolted to the flywheel and held in 
place by the brass screws which hold the magnets 
(see Fig. 105). 


ee ee 
GED see ° Paster 


Fig. 105. Steel ring gear bolted to the flywheel for the start- 
img motor. 


To Start the Engine 


The spark and throttle levers should be placed in 
the same position on the quadrant as when cranking 
by hand, and with the ignition switch turned on. 
Current either from a battery or magneto may be 
used for ignition. When starting, especially if the 
engine is cold, the ignition switch should be turned 
to “battery.” Assoon as the engine is warmed up, 


turn the switch back to ‘‘magneto.”” The magneto - 


was designed to furnish ignition for the model ‘“T” 
engine, and better results will be obtained by operat- 
ing in this way. Special attention must ke paid to 
the position of the spark lever, as a too advanced 
spark will cause serious backfiring, which in turn 
will bend or break the shaft in the starter. 


The starting motor is operated by a foot button, 
conveniently located in the floor of the car at the 
driver’s feet. With the spark and throttle levers 
in the proper position, and with the ignition switch 
turned on, press on the push button with the foot. 
This closes the circuit between the battery and 
starting motor, causing the pinion of the Bendix 
drive shaft to engage with the teeth on the flywheel, 
thus turning over the crank shaft. 


When the engine is cold it may be necessary to 
prime it by pulling out the carburetor priming rod, 
which is located on the instrument board. In order 
to avoid flooding the engine with an over-rich mix- 
ture of gas, the priming rod should be held out for 
only a few seconds at a time. 


If Engine Fails to Start 


If the starting motor is turning the crank shaft 
over and the engine fails to start, the trouble is not 
in the starting system. In this event, release the 
button at once so as not to discharge the battery 
unnecessarily, and inspect the carburetor and igni- 
tion system to determine the trouble. 


If Starting Motor Fails 


If the starting motor fails to act, after pushing the 
button, first inspect the terminal on the starting 
motor, the two terminals on the battery, and the two 
terminals on the starting switch, making sure that 
all of the connections are tight; then examine the 
wiring for a break in the insulation that would cause 
a short circuit. If the wiring and connections are 
correct, and the starting motor fails to act, test the 
battery with a hydrometer. If the hydrometer 
reading is less than 1.225, the troubleisno doubt due 
to a weak or discharged battery. See also pages 
562, 556: ““Testing a storage battery.” 


Operation of Generator 


The generator is mounted on the right-hand side 
of the engine and bolted to the cylinder front-end 
cover. Itis operated by the pinion on the armature 
shaft, engaging with the large time gear (spiral gear) 
(see Fig. 106). 


Generator for Ford. 


Fig. 106. 


The charging rate of the generator is set so as tor 
cut in at engine speeds corresponding to 10 m.p.h. 
in high speed, and reaches a maximum charging rate 
at20m.p.h. At higher speeds the charge will taper 
off, which is a settled characteristic of battery charg- 
ing. See also page 516. 


1122 * DYKE’S 


INSTRUCTION No. 85 


Cutout Action 


This operation of cutting in and cutting out at 
suitable speeds is accomplished by the cut-out. 


Cut-Out 


©) 


STARTING 
SWITCH 


G ay 
Ecrouna, J Grud LL e- o - ey 
Fig. 106A. When the engine is started and running slow, 


the current flow from the generator begins to build up magnetic 
strength in the iron core (B), through fine wire shunt winding 
(A). Note that connection to the battery is open at (D). 


When the car speed reaches ro m.p.h. on high gear, the 
generator current is then strong enough for the shunt winding 
(A) to magnetize core (B), and blade (C) is drawn to (B), 
which closes contact points (D). The generator voltage is 
then 6.8 volts, or slightly more than that of the battery (bat- 
tery is 6 volts). Therefore the generator charges the battery 
with current passing through the coarse wire series winding 
(L), through the ammeter to the battery. The generator cur- 
rent is now passing through (L) and (A) in the same direction. 


When the engine slows down to less than 10 m.p.h., the 
generator voltage is then less than the battery voltage. There- 
fore the battery current begins to flow, or to discharge in the 
opposite direction (see outside arrows), through series winding 
(L), and this is why it is called a ‘‘reverse-current’’ cutout. 
This action opposes the generator current passing through 
shunt winding (A), which is weak, with the result that core 
(B) loses its magnetism, or is demagnetized, and releases blade 
(C), through the tension of spring (K), thus opening the circuit 
between the generator and battery. This action is repeated 
over and over as the engine speeds up and slows down, and (C) 
vibrates accordingly. See also pages 519, 520. 


Oiling Starting Motor and Generator 


The starting motor is lubricated by the Ford 
splash system, the same as the engine and transmis- 
sion. The generator is lubricated by a splash of oil 
from the time gears. In addition, an oil cup is 
located at the end of the generator housing, and a 
few drops of oil should be applied occasionally. Do 
not use too much oil. 


Ignition System 


See pages 1125, 1126, which give details and 
circuits. 


Note. The introduction of a battery current into 
the magneto will discharge the magnets, and when- 
ever repairing the ignition system or tampering with 
the wiring in any way, do not fail to disconnect the 
positive wire from the battery. The end of this 
wire should be wound with tape to prevent its com- 
mg an contact with the ignition system or metal 
parts. 


The Ampere Meter 


The ammeter is located on the instrument board 
or cowl, and the reading is 20-0-20, 0 or zero being 
in the center, and 20 to the left indicating the “‘dis- 
charge” side, and 20 to the right or “charge” side 
(Fig. 107). The needle is on the “charge” side 

when the generator is charging the battery, and on 
the “discharge”’ side when the lights are burning and 
the engine is not running above 10 miles per hour. 


At an engine speed of 15 miles per hour or more, 
the meter should show a reading of 10 to 12 amperes 
even with lights burning, : 


If the engine is running above 15 miles per hour 
and the meter needle does not go to the “‘charge”’ 
side, first inspect the terminal posts on the meter, 
making sure that the connections are tight. Then 
disconnect the wire from the terminal on the genera- 
tor, and, with the engine running at a moderate 
speed, take a pair of pliers or a screwdriver and 
short-circuit the terminal stud on the generator to 
the generator housing. If the generator 1s in proper 
order, a good live spark will be noted. (Do not run 
the engine any longer than is necessary with the 
terminal wire disconnected.) Next inspect the 
wiring from the generator through the meter, to the 
battery, for a break in the insulation that would 
result in a short circuit. 


Next short-circuit around the cutout by connect- 
ing the battery lead directly to the generator 
terminal. If the ammeter now shows charge, the 
trouble is in the cutout, and a new one should be 
installed. Repairing Ford cutouts has not proved 
a satisfactory practice. 


If, after these tests, the trouble is not remedied, 
then remove the dust cap from the end of the genera- 
tor. Procure a fine grade of sandpaper which has 
been slightly oiled. Do not use emery cloth, as 
emery is a conductor of electricity. With the 
engine running, hold the sandpaper against the com- 
mutator with the fingers until all dirt has been re- 
moved and a bright surface attained. See also 
page 491: “Cleaning commutator.” 


Lighting System 


The lighting system consists of two headlights and 
a tail-light operated by a combination lighting and 
ignition switch (Fig. 108) located on the instrument 
board. The headlamp bulbs are of 6-8 volt, double 
filament type. The major filament is 18 ¢.p., 
and the minor filament is 234 c.p.. The small bulb 
used in the tail-light is of 6-8 volt, single-contact, 
2 c.p. type. 


All of the lamps are connected in parallel, so that 
the burning out or removal of any one of them will 
not affect the other. Current for the lamps is 
supplied by the battery. 


Do not connect the lights to the magneto, as it will 
result in burning out the bulbs and might discharge 
the magnets. (See Diagram V, page 1127.) 


Lighting -Ignition 
Switch Switch 
Leve Key 


Fig. 107 


Fig. 108 


The ignition and lighting switch is shown in Fig. 
108. The ignition switch is a key, and the lighting 
switch, a lever, 


How to Remove Starting Motor 


‘When removing the starter to replace the trans- 
mission bands, or for any other reason, first remove 
the engine pan on the left-hand side of the engine, 
and with a screwdriver remove the four small screws 
holding the shaft cover to the transmission cover, 
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Upon removing the cover and gasket, turn the 
Bendix drive shaft around so that the set screw on 
ne end of the shaft, as in Fig. 104, is in the position 
shown. . 


Immediately under the set screw is placed a lock 
washer, designed with lips or extensions opposite 
each other on the outside diameter. One of these 
is turned against the collar and the other is turned 
up against the side of the screw head. Bend back 
the hp which has been forced against the screw, 
and remove the set screw. As the lock washer will 
no doubt be broken or weakened in removing the 
starter, a new one must be used when replacing it. 
ns ie may be obtained from the nearest 

ranch. 


Next, pull the Bendix assembly out of the housing, 
being careful that the small key is not misplaced or 
lost. Remove the four screws which hold the starter 
housing to the transmission cover, and pull out the 
starter, taking it down through the chassis. This 
is why it was necessary to remove the engine pan. 


In replacing the starter, be sure that the terminal 
connection is placed at the top. If the car is to be 
operated with the starter removed, be sure to put the 
transmission cover plates in position. These plates 
may also be obtained from the nearest branch. 


How to Remove Generator 


If it is found necessary to remove the generator, 
first take out the three cap screws holding it to the 
front end cover, and by placing the point of a screw- 
driver between the generator and front end cover, 
the generator may be forced off the engine assembly. 
Always start at the top of the generator and force it 
backward and downward at the same time. 


Plates may be obtained from the nearest branch 
to place’over the time gear, if the engine is to be 
operated with the generator removed. 


To Operate Engine; Generator Disconnected 
from Battery 


If for any reason the engine is run with the 
generator disconnected from the battery, as on a 
block test, or when the battery has been removed 
for repair or recharging, be sure that the generator 
is grounded to the engine by running a wire from 
the terminal on the generator to one of the valve- 
cover stud nuts.’ A piece of wire 1/16” or more in 
diameter may be used for this purpose. Be sure 
that the connections at both ends of the wire are 
tight. Failure to do this when running the engine 
with the generator disconnected from the battery 
will result in serious injury to the generator. Never 
ground the generator through the cutout. 


Battery 
This is a 6-volt, 13-plate ‘‘Exide,” type 3-XC-13-1. 


To Test Ford Generator 


Clamp the generator lightly in a vise (Fig. 109). 
Turn the armature by hand to see if it revolves 
freely. If it does, attach one wire from a 6-volt 
battery to a bolt of the vise (one generator terminal 
is grounded), touch the other battery wire to the 


generator terminal to see if the generator will run 


as a motor. 


If it does, and draws less than 6 amperes, the 
generator is probably in good condition. 
If it draws more than 6 amperes, take a piece of 


No. 00 sandpaper and hold it against the commuta- 
tor until a bright surface is obtained, See page 491. 


Installing New Generator Brushes 


Examine the brushes and see that they are not too 
short and that they are clean and bear properly on 
the commutator. If loose, heat will be generated. 


To fit new brushes, cut a strip of No. 00 sand- 
paper. Pull the spring back (Fig. 110) and pull 
the brush up by the pigtail, after which the spring 
is allowed to rest on the brush. Insert the sand- 
paper, sand side up (Fig. 111), and hold it so that it 
will conform to the commutator, and move it to- 
gether with the commutator back and forth under 
the brush, the brush having been dropped on the 
sandpaper. Remove the brush and see if it is prop- 
erly seated to the curvature of the commutator, and 
replace the brush. 


Fig. 111 shows the method of sanding the third 
brush (3) and Fig. 112 shows the method of sanding 
the two lower brushes. (1) (2). 


terminal , ammeter 


os? 
commutator 
' 
g 


o. 00 sand paper. 
sana side out 


Fig. 109 (upper) Fig. 110 (upper) 
Fig. 111 dower) Fig. 112 (lower) 


Setting Generator Brushes 


The Ford generator uses the third-brush system 
of current regulation. When brushes seat properly, 
the lower brushes (1) (2) should be set on the 
neutral point. Start the lower and loosen the three 
upper screws (S) which hold the brush-ring to the 
head. Raise the third brush as in Fig. 110. 


Connect the battery wire to the generator ter- 
minal. If the armature revolves, the brushes are 
not set on the neutral point. Turn the ring against 
the direction of rotation until the armature ceases 
to turn or until it revolves in the opposite direction. 
If it turns in the opposite direction, bring the ring 
back until the armature will not revolve in either 
direction, even when started by turning the shaft 
by hand. The brushes are now set on neutral 
point. 


Tighten the screws which hold the ring to the 
head; lower the third brush (3) and try it for run- 
ning. 

If it turns over properly, drawing less than 6— 
preferably less than 4—amperes, the generator 
should be assembled to the engine, and proper con- 
nections made through the cutout to the battery. 


Setting the Third Brush 


The next operation is to set the third brush. The 
third brush may be moved back and forth on the 
brush ring. It is clamped to the ring by means of a 
bolt which is also used as a post (P) ee 110) for 
the brush spring. To move the third brush, to- 
gether with its holder, loosen the nut on this post 
until the holder may be moved back and forth. 
The third brush should be set in such a position as 
to give a charging rate of 10 to 12 amperes when 
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the car is running at about 20 miles per hour on high 
gear. See also page 516. 


Changes on Engine 


The following changes have been made on 
engines of enclosed cars, to accommodate the 
starter motor and generator. 


Transmission cover changed to take starter. 
Ford No. is 3376B. 


Cylinder block changed. Ford No. 3000C. 


Cylinder block front cover, changed. Ford No. 
3009C. 
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Cylinder block front cover liner. Ford No. 3013. 
Timing gear cover. Ford No. 3017. 
Flywheel with ring gear. Ford No. 3269F. 


The ring gear bolts to the flywheel and has teeth 
cut in it to take the starting-motor gear. See Fig. 
105. 


Price of Ford Coupé and Sedan 
See page 1080. 


Note. A complete instruction is devoted to the Ford electric 
starting and lighting system (see Instruction45). Seealsopages 
1125-1127, showing five two-color circuit-wiring diagrams. 


FORD MODEL “‘T”? ELECTRIC CIRCUIT WIRING DIAGRAMS INCLUDING FORD STARTING 
AND LIGHTING SYSTEM 


The wiring diagram (Fig. 102, page 1120) is suit- 
able for the repairman when installing new wires. 

The circuit diagrams following show the different 
circuits, which are printed in red. These diagrams 
should give the repairman an idea of the wires in 
which any particular trouble might lie. 

Wiring: The single-wire system, i.e., the metal 
part of the car, acts as the second wire, and is usually 
called the “ground.” The frame is always con- 
nected to the (—) negative terminal of the battery. 


There are eight circuits, each of which may be 
' traced separately as follows: 


1.’ Charging circuit (generator to battery as shown 
by the arrow points). 

. Starting-motor circuit. 

. Tail-lamp circuit. 

. Headlight circuit (bright). 

. Headlight circuit (dim). 

. Ignition from battery. 

. Ignition from magneto. 

. Horn circuit. 
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Electric Currents in Ford System 


The generator delivers 6 to 8 volts direct current, 
with a maximum of 12 amperes. 


The battery delivers 6 volts (direct current). 


The starting motor requires about 225 amperes at 
4 volts. 


The magneto generates alternating current from 
5 to 26 volts, with a maximum of 9 amperes. 


The coil secondary current in the ignition circuit 
carries a current of extremely low amperage at 
15,000 to 25,000 volts. 


Tracing Trouble in Electrical Equipment 


Trouble in the electrical system may be either 
electrical or mechanical. 


Mechanical troubles very seldom occur, and when 
they do, they are located either by the resulting 
noise or during inspection for electrical trouble. 


There are only four kinds of electrical trouble: 
1. Weak source of current. 
2. Open circuit. 
38. Short circuit. 
4. Crossed circuit. 


The weak source may be the battery, the mag- 
neto, or the generator, and the trouble may be due 
to mechanical or any of the electrical troubles in 
that part. ‘ 


a 


An open circuit occurs where there is a gap in 
the wires of a circuit. This gap may be caused by 
a switch not functioning properly, a poor electrical 
contact between the wires and terminals, misplaced 
fiber insulators, dirty contact points, or a broken 
wire. 


The importance of clean, tight contacts, particu- 
larly in the low-voltage circuits, cannot be too firmly 
impressed on the repairman’s mind, as it is one of 


’ the most prevalent sources of trouble in an electrical 


system, often causing unnecessary drain on the bat- 
tery when the system is apparently functioning 
properly.. 


A short circuit obtains when the current returns to 
its source without traveling through all the wires it 
issupposed to. This is caused by a bared wire com- 
ing in contact with some other uninsulated part of 
the circuit. These conditions may occur in the 
wiring or inside the separate devices. 


_ Crossed circuits occur where the current from one 
circuit runs into another circuit through bared wires 
touching or wires misplaced in assembly. 


The first thing to do in tracing trouble is to deter- 
mine the circuit or circuits affected, and then, by 
breaking that circuit into several sections, the 
trouble may be located as being in one of them, 
which should be carefully inspected for the typical 
faults enumerated above. 


If the trouble occurs in two separate circuits, it is 
reasonable to suppose that its source lies between . 
the common connection and the supply of current. 
For instance, if upon trying the lights and the igni- 
tion on the battery, neither one will act, the trouble 
must lie between their common connection at the 
switch and the battery. If the horn will not sound 
and the car will not run smoothly with the ignition 
switch on the magneto side, the trouble probably lies 
between their common connection on the terminal 
block and the magneto. 


Live Wires 


In diagram I the wiring diagram of cars equipped 
with the starting and lighting system is shown; 
the wires shown in red are alive at all times (except- 
ing when the battery is disconnected), and should 
be inspected occasionally to see that their insulation 
1s In good condition and that the wires are in such a 


position that they will not chafe on any metal parts. 


These wires are used on the other circuits as shown 
on pages 1125, 1126, 1127. However, if the batteries 
require recharging frequently, it is probably due to 
cpen circuits or a slight ground in these wires. As 
stated above, open circuits result from loose or dirty 
connections, as well as from parted wires. 
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Ifthe top of the battery is allowed to become wet, fore be wiped occasionally with a rag moistened 
dirty, or covered with acid spilled when testing, the | with household ammonia. 
current will leak across and gradually discharge See Instruction No. 45 which gives complete de- 
the battery. The top of the battery should there- tails for testing all parts of the Ford electric system. 
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Live-wire circuit when the engine is not running (see red wires). Note that the negative (—) terminal of the 


Diagram I. 
battery is grounded to the frame of the car at GB. 


The red wires show the live wires, which is from the positive (+) of the battery to the terminal block (see also Fig. 102, 


page 1120). The circuit is then through the ammeter to the switch. Also note that one end of the cut-out series coil connects 
with the ammeter, but the other end is open at the open cut-out points. It will be observed that there is no complete circuit. 
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Diagram III. Generator charging circuit (see red wires). When the engine is running at sufficient speed (above 10 m.p.h. 
car speed, see instruction on Ford, page 511), the cut-out points close. The reason they close is that the current from the 
(+) brush of the generator passes’ through the shunt winding (grounded coil) on the cut-out, to ground, thence back to the (—) 
grounded brush of the generator (GG). 

The charging current then passes from the (+) brush of the generator, through the cut-out points, through the series coil wind- 
ing of the cut-out, through the ammeter, to the terminal block, to the (+) terminal of the battery, through the battery, to the (—) 
grounded terminal (GB) of the battery, to the (—) grounded brush of the generator (GG). 

__ The ignition circuit, of course, must be on during this time, but isnot shownin colors. If the ignition switch is on the battery 
side of the switch (BAT. see Fig. 108, page 1122) and the generator is charging the battery, then the ignition current would be taken 
from the generator ahead of the ammeter, where it is connected. 

_ If, however, the generator is not charging the battery and the engine is running slow and the cut-out points are open, and the 
switch is on the battery side, then the current for ignition would be taken from the battery, first passing through the ammeter. 

If the switch was on the magneto side (MAG; see Fig. 108, page 1122), then current for ignition would be taken from the mag- 
neto, as shown in Diagram IV. 
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Diagram V. Headlight (bright) and tail-light circuit (see red wires): In this example, the generator charging circuit is open, 
and the engine could be running at a very slow speed or not at all, and the lighting switch lever ig turned to ‘‘on” (see external 
view of switch, Fig. 108, page 1122); then the headlights (bright) and tail-light circuit take current from the battery, starting at 
(+) of the battery, to the terminal block, to the ammeter, to the switch, to the headlamps and tail lamp, to ground (G), to ground 
(GB) of the battery. 


If dim headlights are desired instead of bright headlights, the lighting switch lever is turned to the ‘‘dim’’ side, which cuts 
out the 18-candlepower bright lamp filament and cuts in the 234 candlepower dim lamp filament (for double-filament lamps see 


page 433. 


If the generator is charging the battery, the lights would be taken from the generator just ahead of the ammeter. 


FORD CARBURETORS 


The carburetor is located on the right side of the 
engine as shown in Fig. 50, page 1102. The external 
connections are shown in Fig. 7, page 105. 


Two types of carburetors are furnished on Ford 
cars: the Holley, made by Holley Bros. Co., Detroit, 
Mich., and the Kingston, made by Byrne, Kingston 
& Co., Kokomo, Ind. There is very little difference 
in the adjusting of these two carburetors, but there 
is considerable difference in their repair, so they are 
here considered separately. 


Dash Carburetor Adjustment 


Both Holley and Kingston carburetors are of the 
automatic type, having but one adjustment. The 
carburetor adjustment knob (now a wire rod) is on 
the dash (Fig. 113). Turning this to the right—or 
in a clockwise direction—tends to give a weaker 
mixture and to save gasoline. But turning this 


Fig. 113. Carburetor dash adjustment. A—is the position 
for correct mixture; B—for rich mixture; C—lean mixture. 
Adjustments in this direction save gasoline. 


- 


knob to the left opens the spray nozzle and gives a 
richer mixture, which makes starting easier. In 
Fig. 113 the different positions are shown at (A) 
(B) and (C). 


Carburetor Needle-Valve Adjustment 


After the new car has been thoroughly worked in, 
a file mark or notch should be made on the face of 
this knob, so that the driver can determine the 
setting. (A) indicates the position at which the 
engine runs most satisfactorily. In cold weather, 
it will probably be necessary to turn the knob at 
least a quarter-turn to the left, as at (B)—especially 
when starting. 


As gasoline vaporizes more readily in warm 
weather, the driver will find it economical to reduce 
the quantity of gasoline in the mixture by turning 
the carburetor adjustment to the right (as far as 
possible without reducing speed), as indicated at 
(C). This is particularly true when taking long 
drives where conditions permit a fair rate of speed 
being maintained, and accounts for the excellent 
gasoline mileage obtained by good drivers. 


Carburetor Adjustment 
This subject is treated separately for the Kingston 
and the Holley carburetors. 


Starting the Engine in Cold Weather 


The usual method of starting the engine when 
cold is to turn the carburetor dash adjustment one 
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quarter-turn to the left in order to allow a richer 
mixture of gasoline to be drawn into the cylinders; 
then hold out the priming rod, which projects 
through the radiator, and turn the crank from six to 
eight quarter-turns in quick succession. 


Another method of starting a troublesome cold 
engine is as follows: Before throwing on the mag- 
neto switch, (1) close the throttle; (2) hold out 
the priming rod and give the crank several quick 
turns, then let go the priming rod (being careful 
that it goes back all the way); (3) place the spark 
lever in about third notch and advance the throttle 
lever several notches; (4) throw on the switch (be- 
ing sure to get it on the side marked “Magneto’’) ; 
(5) give the crank one or two turns, and the engine 
should start. 


After the engine starts, it is advisable to advance 
the spark eight or ten notches on the quadrant and 
to let it run until thoroughly heated up. If you 
start out with a cold engine, you will not have much 
power and are liable to “stall.” 


The advantage of turning on the switch last, or 
after priming, is that when you throw on the switch 
and give the crank one quarter-turn, you have 
plenty of gas in the cylinders to keep the engine 
running, thereby eliminating the trouble of the 
engine starting and stopping. After the engine is 
warmed up, turn the carburetor adjustment back 
one quarter-turn. 


THE KINGSTON 


The Kingston model ‘‘Y”’ carburetor is shown in 
Fig. 114. It was used on the 1913 and 1914 Ford. 
It differs from the model ‘‘L-1”’ used in 1915 and 
1916 and from the “L-2”’ used from 1916 to 1920 
in that in the model “Y”’ the air supply was regu- 
lated in a different manner. 


GASOLINE 
ADJUSTING 
‘NEEDLE 


AIR. VALVE 


Fig. 114. 


_ Kingston model “Y” carburetor. 
page 105 (this model is not now manufactured). 


See also Fig. 7, 


Description of Kingston Carburetor ‘**L-2”’ and 
66 37° 


Fuel enters the carburetor from the tank at con- 
nection (A) (Fig. 116) and is maintained at a con- 
stant level (as shown), through the agency of the 
float acting on the needle valve (K). 


The pool of gasoline formed in the base of the 
tube will always be present when the motor is not 
running, and is for the purpose of positive starting. 
When the motor starts, this pool is quickly lowered 
to the point of adjustment of the needle valve, and 
continues to feed from this point until the motor 
is stopped. 


When cars are equipped with a starter, and diffi- 
culty is experienced in getting the engine started, 
do not run down the battery by continually using 
the starter, but follow the method outlined above. 


To Facilitate Starting 


Some drivers make a practice of speeding up the 
engine by opening the throttle just before stopping, 
by turning off the coilswitch. This leaves the cylin- 
ders fully charged with gas. 


Pulling out the priming ring, and thus causing a 
very rich mixture to be drawn into the cylinders, 
is another method of stopping the engine that will 
make it easier to start in cold weather but is bad 
practice, as the raw gasoline will be drawn into the 
cylinders and will work its way to the crank case 
and thin the lubricating oil. Itisnecessary to prime 
in this manner when starting, as then the gasoline 
will be likely to be ignited. 

The Kingston carburetor is shown in sectional 
view on page 105. This shows how the gasoline 
enters the carburetor, is vaporized in a current of air, 
and then passes through the inlet manifold to the 
engine in the form of an explosive mixture, which 
gives the power. This general layout also applies 
to the Holley carburetor. 


The hot-air pipe from the air intake of the car- 
buretor to the exhaust manifold (as shown in Fig. 
7, page 105) is useful in summer as well as in winter 
with poor gasoline. 


CARBURETOR 


Let us follow the course of the air through the car- 
buretor until it enters the cylinder, as a perfect mix- 
ture. To appreciate thoroughly what occurs in this 
carburetor, we must follow the course of the air and 
the atomized gasoline throughout its entire range. 


“NEEDLE VALVE ——>6 
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Fig. 115. Side sectional vi f del “L-2” Ki 
carburetor. The ‘‘L-1’’ is Gala. Oe ee 


When the engine is running slowly, air valve (B) 
rests lightly on its seat, allowing no air to pass this 
point; consequently all air must pass through the 
low-speed tube (C). Since the lower end of this 
tube is close to the spray nozzle and all the low- 
speed air has to pass this point, the atomized gaso- 
line drawn from nozzle (D) becomes thoroughly 
mixed with air in its upward course, and is carried 
in this state to the engine. 
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Let us now open the throttle slowly and see 
what occurs. The engine now requires a greater 
volume of mixture. Air valve (B) slowly leaves its 
seat, permitting a small volume of the mixture to 
passby. At this point a change in operation occurs. 
The low-speed tube still continues to deliver a per- 
fect mixture, but is being assisted by the air valve 
opening. The air being drawn by the air valve 
must pass across the spray nozzle between it and the 
low-speed tube. 


As the engine speed is increased up to its maxi- 
mum, the air valve continues to rise higher and 
higher, admitting more and more air, which, having 
to pass across the spray nozzle with an ever-increas- 
ing velocity, becomes thoroughly impregnated with 
the atomized gasoline producing a perfect mixture 
throughout the entire range. 


NEEDLE VALVE’ 


Fig. 116. End and partial sectional view. 


(K) Inlet needle valve. 
(L) Gasoline inlet hole. 
(M) Float mechanism. 
(N) Float chamber nut. 
(O) Overflow tube. 
(P) Needle valve 


nut. 
(Q) Air valve shaft. 
(W) Air valve weight. 


This list refers to Figs. 115 and 116. 


(A) Gasoline inlet elbow. 
(AV) Air valve cap. 
Air valve. 
(C) Slow speed tube, 
(D) Spray nozzle. 
(E) Choke throttle. 
(G) Drain cock. 
(H) Choke throttle lever. 


clamp 


To start an engine at any time depends upon get- 
ting a combustible mixture in the cylinders: that is, 
proper proportions of air and atomized gasoline 
thoroughly mixed. Difficult starting in _ cold 
weather is the result of two inherent properties of 
gasoline. It does not vaporize as readily in cold 
weather as in warm, nor does it flow through the 
needle-valve adjustment as easily; consequently 
we cannot get as much by the adjustment in cold 
weather as we can in warm. This is why opening 
the needle valve slightly makes starting easier and 
keeps the engine running, which otherwise would 
have a tendency to stop when the load was thrown on. 


In the Kingston model ‘‘L-2”’ this extra amount 
of gasoline for starting and warming-up period can 
be obtained by opening the needle-valve adjustment 
at the dash, or by the use of choke throttle (E), 
vlaced in the air passage. 


When starting with a cold motor, choke throttle 
can be closed by pulling wire connected to (H). 
This cuts off nearly all the air supply and produces a 
very strong suction at the spray nozzle, which 
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causes gasoline to jet up and be carried with the 
incoming rush of air to the cylinders. 


A drain cock (G) is placed at the lowest point in 
the bowl, and should be opened from time to time 
to free the bow] of all water and foreign matter. 


Note. A new design is the Kingston model 
“L-4,” its most noteworthy feature bemg an auto- 
matic accelerating jet. 


To Adjust Models ‘‘L-2”? and “‘L-1”’ 
Kingston Carburetor 


Retard the spark fully. Open the throttle about 
five or six notches on the quadrant on the steering 
post. 


Loosen the needle valve clamp nut (P) on the car- 
buretor until needle valve turns easily. 


Turn the needle valve (with dash adjustment) 
untilitseatslightly. Donotforceit. Adjust away 
from its seat one complete turn. This will be 
slightly more than necessary, but will assist in easy 
starting. 


Start the engine and open or close the throttle 
until the engine runs at fair speed (not too fast), and 
allow it to run long enough to warm up to service 
conditions. 


Now make the final adjustment. This carburetor 
has but one adjustment—the needle valve. Close 
the throttle until engine runs at the desired idling 
speed. This can be controlled by adjusting the stop 
screw in the throttle lever. 


Adjust the needle valve slowly toward its seat till 
the engine begins to lose speed, thus indicating a 
weak or lean mixture. Now adjust the needle valve 
away from its seat very slowly until the engine 
attains its best and most positive speed. This 
should complete the adjustment. Close the throttle 
until the engine runs slowly, then open rapidly. 


The engine should respond strongly. Should 
acceleration seem slightly weak or sluggish, a slight 
adjustment of the needle valve may be advisable in 
order to correct this condition. 


With the adjustment completed, tighten the 
binder nut until the needle valve turns under tension. 


Float Level Adjustment of Kingston 


In the model “Y” Kingston, used on 1913-14 Ford cars, the 
float should be set to show a clearance of 9/32” from the top of 
the float to the top or face of the cup casting (the same is true 
of model “‘L,”’ 1915 and early 1916). 


Model “‘L-2”: The action and the float setting of this car- 
buretor are entirely different from those of the other two models. 
The float is hinged directly to the body, instead of in the cup, as 
in models ‘‘Y’’ and “‘L.’’ To test the level of the float, turn 
the body upside down, and, when properly set, it should show a 
clearance of 7/16’’ from the machined surface on the top casting 
to the top of the float, at a point directly opposite the point 
where the float is fastened to the body of the carburetor. 


Miscellaneous Adjustments of Kingston 
Carburetor 


The float chamber is removed and the float is 
repaired, as explained for the Holley carburetor. 


The inlet needle-valve seat at (K) isremoved and 
replaced, as in the Holley carburetor, Do not, 
however, replace it with the Holley valve or seat, as 
these parts are not interchangeable. 


Before replacing the float chamber, see that the 
air-vent hole and gasoline feed holes (L) are clear. 
The chamber should be replaced with the drain 
cock (G) toward the inlet manifold. See that the 
float-chamber gasket is in place, and that the nut 
(N) is drawn up tight. 
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The spray-nozzle seat at (D) is integral with the 
mixing chamber, and should it become badly worn 
or scored, the entire mixing chamber must be 
renewed; however, it isseldom that this is neeessary. 


To remove the needle valve: 


1. Unscrew the needle-valve clamp nut (P). 

. Screw out the needle valve. 

3. When replacing, see that the point of the needle 
valve enters the taper of the spray-nozzle seat, 
as there is considerable play in the threads. 


To remove the air valve: 


. Unscrew and remove the air valve cap (AV), thus 
exposing the weight (W) with its sleeve. On top 
of the weight is 2 small fiber disk which deadens 
the sound of the weight striking the cap. There 
is also a fiber ring between the shoulder of the 


iw) 


— 


weight and the sleeve which also is for the pur- 
pose of deadening sound. 

2. Remove the weight and sleeve, thus exposing air 
valve (B). 

3. Unscrew the air-valve shaft (Q) and remove. 

4. Remove the air valve through the opening of the 
air-valve cap. There isa fiber gasket secured to 
the air valve, which acts as a sound deadener. 

5. Inspect the valve for cracks between the ball and 
the shaft bearing. 

6. When the air valve has been replaced and the 
shaft inserted, tilt the carburetor to see that the 
ball falls freely back and forth. If it requires a 
jerk to cause this, either a new shaft or valve 
must be used. 


7. See that all gaskets are in place when assembling. 


THE HOLLEY CARBURETOR 


The model ‘‘G’’ Holley carburetor was used on 
Fords up to January, 1920. The later Holley car- 
buretor model ‘‘NH”’ was installed in January, 1920, 
the main difference between the two models being 
that in the later model, the passage of air is in a 
straight line, thus decreasing air friction. 


Holley Model ‘‘G’’ Carburetor 


This carburetor is shown in Figs. 117 and 118. 
The distinguishing feature of Holley carburetors is 
the small number of moving parts. 


From the float chamber, the gasoline passes 
through the ports (E) to the nozzle orifice in which is 
Nia the pointed end of the needle valve (F) (Fig. 
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Fig..117. Side sectional view of Holley (Ford) carburetor 
model ‘‘G.”’ 


_ A drain valve is provided for the purpose of draw- 
ing off whatever sediment or water may accumulate 
in the float chamber. 


The float level is so set that the gasoline rises past 
the needle valve (F) and sufficiently fills the cup 
(G) to submerge the lower end of the small copper 
tube (H). Drilled passages in the casting effect 
communication between the upper end of this tube 
and an outlet at the edge of the throttle disk (see 2). 


The tube and passage give the starting and idling 
mixtures. 


The strangling tube (1) gives the entering air 
stream an annular converging form, in which the 
lowest pressure and highest velocity occur immedi- 
ately above the cup (G); thusitis seen that the fuel 
issuing past the needle valve (F) is immediately 
picked up by the main air stream, at the point of 
the latter’s highest velocity. This is termed the 
venturi principle. This gives thorough atomization 
of the fuel and results in a very economical and 
powerful performance. The lever (L) operates 
the throttle. 


For facilitating starting in extremely cold weather 
a disk attached to lever (S) at the air intake opening, 
with a spring return, is connected to a priming rod. 
By closing this, an excess of gasoline is drawn into 
the cylinders. 


ss ahtetale% 


§§<—_———  CASOLINE ADJUSTMENT 
NEEDLE VALVE 


THROTTLE LEVER 
THROTTLE ADs SCREW (A) 


REMOVABLE SNLEF NEFOLE 
SEAT, CAN BE OROUNVO. 


FLOAT. 


Fig. 118. End view of Holley model ‘‘G’’ carburetor. 


Holley Model ‘‘NH’’ Carburetor 


A sectional phantom view of the Holley “NH” 
carburetor is shown in Fig. 119. 


Gasoline from the gasoline tank enters at the 
gasoline inlet passage (D), passes through the float- 
controlled valve (FS), and then into the float 
chamber (V). As a result of the suction of air 
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caused by the engine piston, it rises in spray nozzle 
(N), where it is mixed with air from the primary air 
passage T). 


When the engine is idling, this mixture is drawn 
through the low-speed fuel passage (J), and thus 
passes by the closed throttle plate (H) and thence 
into the engine. An air bleeding hole (AB) is pro- 
vided in the low-speed fuel passage in order to cut 
down the suction, and consequently the amount of 
gasoline, when the throttle is completely closed. 


Fig. 119. 


A) Spray-needle head. (J) Low-speed fuel passage 

B ata eacedic body. ) Float valve. E 

(C) Spray-needle clamp nut. ) Spray-needle point. 

(D) Gasoline inlet passage. M) Float. 5 

(E) Mixing chamber body. (N) Spray nozzle. : 

(F) Throttle-lever assembly. tp pee nee gasket. 
Throttle lever. uel . 

tah Throttle plate. (Q) Mixing-chamber body 

(1) Throttle rod. gasket. 
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As the throttle is advanced, a suction occurs at 
(AB), which increases the flow of gasoline through 
the low-speed fuel passage (J). 


As the throttle is further advanced, the suction 
ceases through the low-speed fuel passage and 
passes to the choke in the center of the carburetor, 
thus causing the primary mixture to rise through 
the needle-valve passage (as shown in Fig. 119) and 
to become more thoroughly mixed with air before it 
enters the engine. 


“<> GAS 
< AIR 


&@—<—> MIXTURE 


A sectional phantom view of the model “‘NH” Holley (Ford) carburetor. 


ixing-chamber bod. (Z) Float-chamber vent. 
ue sees Stas tanehaty ae (AB) Air bleeding hole. 
(S) Drain valve. (AP) Air-passage vent 


(T) Primary air passage. 
U) Float-chamber gasket. 
V) Float-chamber bowl. 
W) Float chamber. 

(X) Choke-valve plate. 
(Y) Choke-valve lever. 


plug. 
Choke-valve rod 

S) Float-valve seat. 
GN) Gasoline-inlet elbow 


pack nut. 
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To Adjust the Holley Carburetor 


This adjustment applies to both the models “‘G” 
and “NH.” The usual method of regulating the 
carburetor is to start the engine, advancing the 
throttle lever to about the sixth notch.. The flow 
of gasoline should now be cut off by screwing the 
needle valve (A) (Fig. 119) down to the right until 
the engine begins to misfire; then gradually increase 
the gasoline feed by opening the needle valve until 
the engine picks up and reaches its highest speed, 
and until no trace of black smoke comes from the 
exhaust. After determining the point where the 
engine runs at its maximum speed, the needle-valve 
clamp nut (C) should be tightened to_prevent the 
adjustment from being disturbed. For average 
running, a lean mixture will give better results than 
a rich one. 


The following indicate a lean mixture: To cor- 
rect, turn the adjusting rod counter-clockwise. 
1. The engine starts hard. 


2. The engine backfires through the carburetor when 
the throttle is opened suddenly. 


3. The engine will not idle. 

The following indicate a rich mixture: To correct 
turn the adjusting rod clockwise. 
1. Spark plugs foul quickly. 
2. Exhaust gas causes the eyes to burn. 
3. Black smoke from the muffler. 
4, 


The engine operation is uneven, causing the rear 
axle to have an uneven hum which is distinctly 
heard at 13 m.p.h. 


Holley Carburetor Needle-Valve Troubles and 
Remedies 


Carburetors may leak from the following causes: 


— 


. Sediment in the fuel lodging on the needle valve 
seat, preventing the needle from closing. 


2. The inlet needle or seat damaged or worn. 
3. The fuel level too high, flooding the nozzle. 


These troubles may be overcome as follows: 


1. Thoroughly clean the fuel tank, pipe, and ear- 
buretor, removing all sediment. After cleaning 
the fuel system, filter the fuel through a clean 
piece of chamois. 


2. Damaged float-inlet needle: The inlet needle and 
seat should be replaced if a ridge is worn on the 
tapered point, or if the seat is scored; but in no 
case should a needle be replaced without a new 
seat, or vice versa. 

To remove the detachable seat, unscrew the 
float-chamber nut at the bottom of the car- 
buretor, take off the float chamber containing the 
float and lever and inlet needle, then insert the 
socket wrench, as shown in Fig. 120. 


_ When installing new seat, do not turn it up too 
tight, as this may leave a burr inside which will 
interfere with the movement of the needle. 
After installing the seat and new needle, see that 
the latter works freely before attaching the float. 


Adjusting of Fuel or Float Level on Model “G”? 
Holley Carburetor 


Attach the carburetor to the manifold and then 
take off the mixing-chamber cap by taking out the 
screws, ‘This will enable you to see the nozzle and 
fuel level. Connect the fuel line to the carburetor; 
turn on the fuel; note where the level comes. The 
level should be as shown in Fig! 121. 


Level too high, flooding the nozzle: Remove the 
float chamber and pry up the lever, as shown in 
Fig. 121 until the level is correct. The gasoline 
level should be from 1/16” to %” lower than the 
top of the nozzle (Fig. 121). - 


TO RAISE 
LEVEL BEND 


LEVER DOWN 


\j connec LEVEL, 
Fig. 120 Fig. 121 
Fig. 120. Removing float needle-valve seat. 


Fig. 121. Adjusting float level. 

Fuel level too low: Should the level be lower than 
shown in Fig. 121, bend the tab on the float lever 
(that the needle rides on), down toward the float, 
as shown in Fig. 121 (upper sketch). It is best to 
detach the float and lever for this operation, by 
drawing out the float lever pin. The distance from 
the machined flange on the mixing chamber to the 
top of the float lever should be about 14’’ when the 
float valve is closed. 


Caution: It requires a bend of only 1/32” on the 
float lever in order to change the gasoline level 14”. 
When setting the float, try to keep the part opposite 
the float lever at an angle, so that the pressure of 
the gasoline will assure a tight fit. 


Adjusting of Fuel or Float Level on Model 
“NH”? Holley Carburetor 


Remove the float chamber bowl (V) (Fig. 119) 
by taking out the mixing-chamber body screw (R). 
When measuring at a point opposite to the float 
hinge, the distance from the flange, on which the 
gasket (U) fits, to the float should be 14” to 5/16” 
when the float valve is closed. (For metal floats, 
the distance should be 3/16’ to 14’’.) 


To Coat the Cork Float 
(Applies to all Ford carburetors) 


The float is impregnated with a composition to 
prevent it from becoming gasoline soaked. Some-_ 
times this filler breaks down, destroying the buoy- 
ancy of the float, allowing too rich a mixture to 
enter the cylinders, or in extreme cases, causing the 
carburetor to flood. This condition may be noted 
by lack of luster on the surface of the cork, when 
the gasoline has dried from it. The float should be 
removed, by withdrawing the hinge pin, and it 
should be dried in a warm place, and then dipped 
into a thin shellac. A heavy coat of shellac will 
make the float so heavy that it will be impossible for 
it to control the gasoline supply. While the shellac 
is drying, the float should be suspended by a hook or 
string passed through the hinge. Nothing should 
be allowed to touch it until it is thoroughly dry. 


Inspect the float to see that the cork is not cracked 
and that no pieces have been chipped out of it. See 
that the hinge is tight. If it is not, replace the float 
with a new one. While it is possible to tighten 
the hinge by peening the rivets, the chances of. 
breaking the cork make this repair impractical. 
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Removing Spray Nozzle on Model “‘G”? 
Holley Carburetor 


First remove the small screws at the top of the 
carburetor and take off the plate into which the 
needle valve screws. Now remove the strangling 
tube, thus exposing the spray nozzle which may be 
removed with a socket wrench. 
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Removing Spray Nozzle on Model ‘“NH’’ 
Holley Carburetor 


Remove the float-chamber bowl, thus exposing the 
spray-nozzle seat, which may then be removed by a 
large screwdriver. 


MORE MILES PER GALLON 


There are three ways of obtaining more miles per gallon of 
Saduea (1) by ip eine the efficiency of the engine; (2) 
y reducing engine and running gear friction; (3) and last, but 
not least, by skilful driving. male es te 


The efficiency of the engine can be increased by careful car- 
buretor adjustment, which must be changed frequently, if the 
best possible results are to be obtained. Worn carburetor 
parts waste gasoline and should be replaced. Hither an 
attachment for leading hot air to the carburetor, or a special 
manifold, which heats the vapor mixture after it leaves the 
carburetor, should be used to insure complete vaporization of 
the fuel and give higher efficiency. - 


Carbon cuts down the efficiency of the engine and should be 
removed occasionally. Poor oil tends to form carbon, so good 
oil should be used, as it also causes less friction and wear. 


Loss of compression, due to leaky piston rings or leaky 
valves, will cause a steady loss of power, which must be com- 
pensated for by opening the throttle wider, thus wasting gaso- 
line. Scored or worn cylinders will have the same effect. And 
the valve tappets should be remedied, to provide the proper 
clearance, as given on page 1105. 


Idling, or running the engine while the car is at rest, or racing 
the engine unnecessarily, tends to waste fuel. 


Good ignition is another essential in making the most out of 
the fuel. Driving with a retarded spark tends to waste the 
power of the engine and causes overheating also. 


Gasoline leaks from the tank, pipe line, or carburetor some- 


times waste considerable gasoline and as the fuel evaporates as 
fast as it drips, this loss of fuel is not always quickly noticed. 


The most economical driving speed is about 20 miles an hour. 


Auxiliary Air Valves for Carburetors 


The high cost of gasoline and the low cost of air has made 
many owners of cars wish that they could burn air instead of 
gasoline. While this is, of course, impossible, it is still quite 
true that a much greater mileage per gallon of gasoline can often 
be obtained by burning the gasoline vapor more completely in 
the presence of additional air, 


Complete combustion occurs when there is sufficient air 
mixed with the fuel to furnish enough oxygen to combine with 
all the fuel particles. When complete combustion is obtained, 
no smoke or carbon will be formed. Thus the use of auxiliary 
air valves may reduce the amount of carbon deposited in the 


cylinders. 


The mixture of gasoline and air as it comes from the car- . 


buretor is often full of little drops of almost pure gasoline. 
These drops are simply burned in the cylinder, instead of form- 
ing an explosive mixture, as they would if the mixture were 
more perfectly vaporized. The admission of air into the side 
of the stream of gasoline vapor often serves to form whirlpools 
which churn the gasoline particles into a more perfect mixture 
with the air. 

If the carburetor mixture is perfect then the air valve is 
unnecessary. Unfortunately, most carburetors are far from 
perfect, and the air valve under the control of the driver com- 
pensates for carburetor deficiencies. The air valve, in most 
instances, increases the efficiency of any carburetor, if properly 
applied. 

To determine if the auxiliary air valve is required, close the 
throttle and retard the spark until the engine runs as slowly 
as possible. Then adjust the carburetor until the engine runs 
smoothly and evenly on the least possible amount of gasoline. 


Now take the car out on the road and, with the spark ad- 
vanced and the car traveling at about twenty or twenty-five 
m.p.h., attempt to reduce the amount of gasoline by turning 
the carburetor dash-adjusting knob. 

Tf the amount of gasoline can be reduced without greatly 
affecting the power and speed of the engine, the fitting of an 
auxiliary air valve will be advantageous. 


Types of Air Valves for Carburetors 


‘The type of air valve fitted should be one that supplies addi- 
tional air at high speeds. But if, on the contrary, the engine 
requires a richer mixture at high speeds, when the carburetor is 
adjusted for good running at low speeds, then that type of air 
valve should be fitted that supplies air at low speeds, but is 
drawn closed by the suction at high speeds. 


Correct adaptation of the air valve to the eccentricities of 
the eageeet engine and carburetor is necessary to get good 
results, 


To obtain the best results from the auxiliary air valve, it 
should be easily controlled, preferably from the steering column. 
If it is operated from the dash, it will be little better than the 
carburetor adjusting knob,which is already provided. In fact, 
the idea of the air valve is to bring the carburetor more com- 
pletely under the control of the driver. 


Perhaps the simplest form of auxiliary air valve is that made 
by threading a Ford oil cup into a hole in the side of the intake 
manifold (see Fig. 122). 


A strip of brass about 14’ wide should be soldered to one side 
of the movable part of the oil cup, thus forming a lever by means 
of which the opening and closing of the air valve may be con- 
trolled. A hole may be drilled near the end of this lever, and a 
wire connected to the lever, this wire running through copper 
tubing, or a Bowden wire arrangement, to the steering column. 
The end of the wire may end in a loop or be connected to a small 
lever to suit the convenience of the driver. 


Bowden wire is small, flexible, metallic tubing, with a strong 
but flexible wire running through it. It can be obtained from 
motorcycle agents, as it is used on the control system of many 
motorcycles. 


LEVER 
coy 
cup | | 
ee, J 
Ss Au  *PRIMING 
AIR VALVE VALVE 
Fig. 122 Fig. 123 Fig. 124 


Another simple form of air valve, which is more nearly air- 
tight when closed, consists of a priming valve, screwed into an 
elbow attached to the intake manifold, as shown in Fig. 124. 
A hole can be drilled through the handle of this priming valve 
for the attachment of the wire to the steering-column control. 


This air valve has the advantage that it can be used for 
priming in cold weather, or for introducing water or kerosene 
for loosening carbon deposits. 


In winter, it is preferable to inject warm, rather than cold 
air into the manifold, and for this purpose it is often well to fit 
a soft copper pipe (which can be wrapped around the exhaust 
pipe) to the air valve. 


An air valve made of standard quarter-inch pipe fittings and 
valve is shown in Fig. 123. The end of the intake pipe 1s 
covered with a sheet-iron sleeve, so that hot air will be drawn 
from the top of the exhaust manifold. 


Another form of air valve, which eliminates the use of moving 
parts, is as follows: One end of a copper tube is fastened, by 
means of a brass coupling, to a hole in the side of the intake 
manifold, The tube is then given four turns around the 
exhaust manifold near the point where the exhaust pipe is con- 
nected. ‘The copper tubing is then led along the dash and up 
the steering column, ending in an air valve directly under the 
steering wheel. Of course, this device can be used for priming 
the engine or injecting carbon-softening solutions. 


When first installed, this device made a whistling sound when 
the air valve was opened, but this was overcome by rounding 
off the edges of the air valve, and since then has given entire 
satisfaction. 


The auxiliary air valve is most useful in hilly country, for then 
conditions vary most widely. It is possible to use the air valve 
to make’ the engine act as a brake when coasting down hill. 
The admission of the air tends to cool the engine, so that the 
next hill will be climbed more easily. Opening the air valve 
also breaks the suction in the cylinders and keeps the oil from 
being drawn up and fouling the spark plugs when the engine 
is used as a brake on long hills. 
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A Primer 


For extremely cold weather a method of priming is shown. 
Take off the inlet pipe and drill a hole for a Y¥’ pipe tap, and 
fit a priming cock, as shown in Fig. 125. 


Primer. 


Fig. 125. 


To operate: (1) turn off the switch; (2) pour about a table- 
spoonful of gasoline into the intake through this cock; keep an 
oil can filled for the purpose; (3) close up the cock; (4) crank 
three or four times with the switch off; (5) now turn on the 
switch, open the throttle, and the engine will start (see also 
page 1082). 


Gasoline Tank Gauge 


The method of constructing a gasoline tank gauge is explained 
on page 1082. 


Control of Carburetor Mixture 


A saving in gasoline: All Ford users are acquainted with the 
peculiarity of the Ford carburetor, in which variation of the 
strength of the mixture is obtained by altering the size of the jet, 
the alteration being effected by screwing a vertical needle up or 
down. This needle is tapered at its lower end, and the tapered 

ortion enters the jet orifice; consequently, as the needle is 
owered, the jet is closed; as the needle is lifted, the jet is 
opened and the size of the hole increased. This alteration is 
controlled by the driver through the medium of a rod which 
projects through the dash (Fig. 113). The top end of the rod 
is fitted with a suitable device, for convenience when handling; 
the lower end is forked, and the two prongs of the fork fit into 
suitable holes in a disk (on late models, a bar has been substi- 
tuted) on the top of the needle already mentioned. (See holes 
in (A) Fig. 119.) 


If you are a motor-wise driver, you set that disk differently 
for varying conditions, turning it counter-clockwise for starting, 
clockwise when you have started, and still further clockwise 
when you have been running for, say, 15 minutes. As the cool 
of the evening comes on, you will probably find it advantageous 
to turn the disk back again a little. In other words, you keep 
the disk set as nearly as possible for maximum efficiency of the 
mixture under all conditions, 


The jet should be opened slightly so that sufficient gasoline 
is available for fast running, while at the same time the mixture 
would be too rich when running slow. 


On the other hand, as the spark is advanced, the jet should 
be slightly closed and the mixture weakened. 


The increase of fuel for an increased throttle opening is not 
much; it is just sufficient to allow of the correct proportions of 
gasoline and air being provided when the engine is demanding 
its full supply of gas. It is a known fact that a weak mixture 
can be readily fired by a spark when fully advanced. The 
result is an ecomony of fuel. 


The conditions are always varying, and you cannot always 
be bending forward to twiddle that disk, and if you could, your 
adjustment would not be fine enough, and it means fine adjust- 
ment to keep the mixture just right. IPfitis not just right, you 
will be simply wasting gasoline instead of using it economically 
as an ingredient in an efficient explosive mixture. 


This device provides an accessible control which will enable 
you to set the disk anew whenever. conditions indicate the need, 
and to setit to a really fine point of adjustment, so that the mix- 
ture will not be in the nature of a compromise. 


_A method employed by an experimenter who is fond of 
tinkering is similar to devices used on some of the other makes 
of carburetors, and is nothing more than a hand control placed 
on the steering post as in Fig. 126 next column. 


A steering column control is utilized, together with wire and 
casing. A small lever is riveted and soldered to the carbure- 
tor dash-control adjustment. 


The fitting of the parts should be careful and accurate, so. 


that there will not be the slightest play or lost motion. 


If this device is used in conjunction with the throttle, as 
explained above, it is claimed that a saving of gasoline will be 
obtained, together with a cooler and smoother running engine. 
There are suitable graduations for different driving conditions, 
which the driver will soon learn, and the mixture can be made 
richer or weaker as required by the road driving conditions. 
Do not trouble. however. to experiment with this device unless 


ou are a ‘‘fine point” driver, as it will be of little assistance 
ales you study out the principle and know when and how to 
regulate the adjustment. 


STEERING COLUMN 
CONTROL 


SLEEVE FOR WIRE 
CARBUERATOR 


NEEOLE VALVE 
ADJUSTMENT 


Fig. 126. Handy carburetor adjuster. 


How to Save Gasoline 


The illustrations below point out where care should be exer- 
cised in order to prevent loss of power, by decreasing friction 
and waste. To gain power means a saving of gasoline. The 
illustrations show where, if parts are kept in proper order, there 
will be asaving of power. Excess of power and loss of gasoline 
would come from poor driving, too much flooding of the car- 
buretor, keeping the windshield constantly up, dragging brake 
bands, etc. See the three illustrations (Figs. 127, 127A, 127B). 
(Ford-Owner and Dealer.) 


WATER 25%0R S¢ 
SiS See 


-—> C EXHAUST 25% OR S@ 


ee 307oorb’$ IN USEFUL WORK 


4 FRICTION | 5% ORIE e 


UNIVERSAL 5% ORI 


WHERE THE MONEY GOES _ GASOLINE AT 20¢A GALLON 


Fig. 127. How the energy in a gallon of gasoline is dis. 
tributed. Note that if gasoline sells for 20c. a gallon, 30 per 
cent of it is consumed in useful work and 70 per cent in a loss, 
as follows: water 25 per cent, exhaust 25 per cent, bevel gears 
10 per cent, universal joint 5 per cent, friction 5 per cent. 


NO AIR LEAKS 
[ |vanve TAPPETS 
ADSUSTE 


Ve MISFIRING 
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ie 


NO 
CARBON VALVES TIG 


Fig. 127A. In order to obtain the greatest percentage of 
power from the engine, it is necessary to have properly fitted 
pistons and rings, tight cylinder-head-gaskets, no air leaks at 
inlet manifold, good carburetor mixture, no misfiring, properly 
seated valves, no air leaks at spark plugs or elsewhere, properly 
ord jwsted, bearings, good oil, properly adjusted spark plug and 
coil, ete. 


@ —WINOSHIELD AND TOP eae yaa 


Fig. 127B. Factors which consume power are: improperl 

I C 2 : perly 
adjusted brakes that drag, improper lubrication, tires not 
fully inflated, wobbly wheels, improper use of spark and throttle 
control, windshield and top up, etc, 
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MISCELLANEOUS FORD TOOLS, TIME-SAVING DEVICES, AND ACCESSORIES 


Device for Raising Rear End of Car 


The illustration below (Fig. 128) shows the hook i iti 
a . 12 in t 
for raising the rear end of a car. By means of this cman the 


rear end can be held up securely while removing or repairing 


Fig. 128. Raising rear end of a Ford car. 


the rear axle assembly or spring. In attaching the hook, place 
the clamps which are on the end of each bar on the frame; then 
bring the ends of the bars together, one bar resting in the safety 
clevis on the other bar. The links are then placed in the hook 
on the chain block, and the car is easily raised. 


Fig. 129. Showing in detail with specifications the method 
of constructing the rear-end hook. This equipment can be 
made by local blacksmiths, and Ford agents will find it an 
efficient help in their repair work. 


Device for Raising Front End of Car 


The illustration (Fig. 130) shows a device in position for 
raising the front end of a Ford car while removing or repairing 
the front axle or spring. Each hook is placed on the fender 
iron below the nut on the end of the lamp bracket. The ring 
is placed in the hook on the chain-block, and the car is easily 


raised. 


Fig. 130. Raising front end of a Ford car. 


Fig. 131. Details of front-end hoisting device. Ford 
agents will be able to have this equipment made by local black- 
smiths from the details and specifications shown. The front- 
end hook should be part of the equipment of every Ford repair 
shop. (Ford Times.) 


Device for Raising Engine 


An engine lifting hook, used in conjunction with a chain 
block, to remove the engine from the frame is shown in Fig. 
132 below. It is in two parts, one U-shaped, and bent in the 


Fig. 182. Engine-lifting hook. 


manner shown, having eyes to catch two manifold stud nuts; 
the other fastened to it, and bent to grab below the water 
jacket between the second and third cylinders. Ordinarily 
the manifolds, cylinder head, transmission-case cover, and 
crank-case base are removed, the illustration showing the appli- 
cation of the hook. When removed the engine will balance. 


Towing in a Ford Car 


When towing in a Ford car, when the differential happens to 
lock or the rear axle becomes defective, loosen the hub caps, 
remove the wheels, and withdraw the keys in the axle shafts. 
The wheels are then replaced, and the car can be towed in with 
the wheels turning free. Note: Grease well before starting. 


Auxiliary wheels may be used for towing in a Ford that is 
disabled by having the rear axle broken near the hub. The 
device to be used is shown in Fig. 133. 


“LAPP 


Fig. 133. Auxiliary wheel for towing a disabled Ford. A 
bar of steel about 3 ft. long and 1 }4in. square is put in the lathe, 
and a standard Ford hub is turned on one end and fitted with 
the cones and locking nut. The other end of the bar is then 
forged out flat and bent to clear the rear brake band, after 
which the lower clamping straps are riveted on. The addition 
of the upper clamping straps and a standard Ford wheel makes 
the outfit complete. To use, the disabled car is jacked up and 
the auxiliary wheel clamped in place, permitting the car to be 
towed in, In the case of a front wheel the procedure is much 
the same, except that the cross-steering rod must be tied and 
the car towed very slowly. _The device is not limited to use on 
the Ford, and has been used to bring in a 1-ton truck. 


ot el — 
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Valve Lifter 


A tool for removing the valves may be made from a piece of 
steel 54’ round and about 12” or 14” long, as shown in Fig. 
134, 


Fig. 134. Ford valve lifter. One end is flattened out for 
about 4’, and is then drilled 14’’, and the flattened end is then 
notched in the manner shown to permit insertion beneath the 
valve-locking washer. A piece of 14” rod is then bent at both 
ends, one end passing through the 14” hole in the lever, and 
the other being used to hook over one of the manifold studs. 
By the aid of this lifter the valve may be removed without 
removing either manifold. 


Larger Valves 


Valves, if made larger, will permit slightly more gas to enter 
and will increase compression and power, but heating will also 
be increased. In consequence, a circulating pump or a larger 
radiator may be necessary. A valve lift of 5/16’ with a valve 
EN 3/32’’ measured across the slanting face would be about 
right. 


Valves are now with a 1 5/16” outlet and 114” diameter 
across the widest part, but for racing, valves of 114’ diameter 
outlet and 1 11/16” across the widest part would be better. 
The valve ports can be enlarged to this size by reaming and 
grinding. Tungsten valves of 15%’’ are sometimes used. 


Circulating Pumps 


umps of unique and simple design are manu- 


Circulating 
iddings & Lewis, Fond du Lac, Wis. 


factured, by 


Increasing Compression 


This means that by reducing the space in the combustion 
chamber from the head of the piston to the inside top of the 
compression chamber of the cylinder—when the piston is in its 
uppermost position—the gas would be compressed tighter, and 
therefore a more explosive force would result when combustion 
takes place. 


Opinions vary on this. For high-speed work it might pos- 
sibly help—but the heating will increase, and a circulating 
pump or a larger radiator (special racing type—see Index) will 
probably be required. Refer to the discussion under ‘‘Com- 
pression.” 


The question was recently asked of a manufacturer of Ford 
parts: 


Q.: Would you advise cutting the cylinder base down YY” to 
increase compression on the engine for racing? 


Ans.: It is much easier to plane off the cylinder head. Another 
method would be to use special pistons to increase com- 
pression by 14 inch. We had an experimental machine 
fitted in this manner and found it satisfactory. This is no 
doubt the most practical way. Increased water capacity 
is necessary, and some form of circulating device, such as 
a pump, is advisable. 


Right here the writer wishes to add that in a recent race 
tournament of Fords, not one of the engines had increased 
compression. 


Miscellaneous Engine References 


Piston clearance: See pages 809 and 811. 

Remedying pumping of oil by the piston: See page 168, 

Ford oversize pistons, etc.: This is treated under “Pistons.’’ 
See page 812. 

The piston pin is 47/64” in diameter by 314” long. 


Piston-pin bushings (pairs) are of phosphor bronze, 15/16” 
in diameter by 1 7/32” long. nom t O28 


Standard oversize pistons are supplied by the Ford Motor 
Co, Pistons of .0025” can be used in worn cylinders without 
reboring, but necessitate careful lapping. See page 811. 
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If a cylinder is out of round, reboring is necessary. Cylinder 
bEsee tools can be secured of the Universal Tool Co., Inc., 
435 Woodward Ave., Detroit, Mich., or of K. R, Wilson, Buf- 
falo, N.Y. See also page 821 under ‘‘Enlarging cylinders. 


Aluminum pistons: See page 807. 


Ford Carburetor Wrench 


A specially made wrench for tightening the carburetor to the 
inlet manifold is shown in Fig. 135. 


Fig. 135. A special wrench for tightening the carburetor 
to the inlet manifold can be made of flat metal. Dimensions 
are shown in the illustration. 

Priming Cups 

To fit priming cups to a Ford cylinder head, replace four of 

the cap screws with studs drilled as shown in Fig. 136. 


§ — PRIMING CUP 


ASBESTOS 


Fig. 136. Home priming bolt for the Ford car. 


The cylinder-head bolts are removed, and the heads drilled 
as shown; thatis, four 34’ holes are drilled through the cylinder 
head. The special bolts are then inserted and permit the engine 
to be readily primed. 


Priming Spark Plugs. 


Some spark-plu, 


Sor manufacturers make a spark plug with 
priming cup atta 


ed (Fig. 187). The old plug is removed 


Fig. 137. Priming spark plug for a Ford car. 


and the priming plug is installed without making any changes 
on the engine. Priming is accomplished by ouring gasoline 
in the aup and then turning the pet cock on the cup, thus per- 
mitting the gasoline to flow into the cylinder, 


Pointers on Replacing Transmission and 
Cleaning a Clogged Engine Oil Pipe 


The illustrations (Figs. 138 and 139) explain the method of 
replacing the transmission and of cleaning a clogged oil pipe. 
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Fig. 138 Fig. 139 


_ Fig. 138. The four bolts on the front of the Ford transmis- 
sion can be replaced by one man working alone, by inserting 
the bolts from under the car, laying a block of wood on top of a 
jack, and lifting the jack till the heads of the bolts are pressed 
into the wood. This keeps the bolts in place and prevents 
them from turning while the nuts are put on. 


Fig. 139. When the oil pipe of a Ford engine is clogged, 
remove the radiator and take off the front gear plate. The 
cam gear is then removed with a puller. This will expose the 
end of the pipe. An air hose is connected to it and air is turned 
on, blowing the clog out. This saves tearing the engine down. 
If the pipe is clogged, the gears will be noisy. (Motor World.) 


Oil-Level Gauge 


A glass gauge oil-level indicator, when screwed into the engine 
crank case, will indicate the amount of oil at a glance (see Fig. 
140). It is advisable to place a stock cock between the gauge 
and the crank case, and to keep it closed; open only when 
testing—to prevent loss of oil if the gauge breaks. 


Fig. 140. Oil-level gauge for Ford engine. 


Drill Press to ‘“‘Run in’’ Ford Bearings, etc. 


Ford main bearings, connecting-rod bearings, or oversize 
pistons can be run or worn in by bolting the cylinder block to 
the drill-press table, with the cylinder head removed and with 
four 14’ pieces under the corners between the head and the 
table to give clearance to the pistons (See Fig. 141). 


Ford engine’ 
cylinders 


Fig. 141. Drill press being used as a “running-in’’ machine. 


A flywheel of the bolted-on type is drilled to fit the flange of 
the Ford crank shaft, and is bolted on. 


The table is turned so that the flywheel lines up with the 
hive pulley bf the drill press, andis then belted up. An elevat- 
ing screw is used to tighten the belt. See Index under ‘‘Run- 


-ning-in bearings.” 
Aligning Reamer 


i in bearings simul- 
A reamer designed to ream all three main L r 
taneously saves much time in scraping and refitting bearings. 


(See Fig. 142.) 
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The unequal distribution of weight and driving strain on 
the crank shaft of a Ford engine naturally causes unequal wear 
in the main bearing. It can be seen that tightening up only 
on the bearing caps’ will spring the shaft out of line and throw 
additional strain on the bearings, causing them to wear loose 
again very rapidly. This reamer will bring all bearings to 
proper size and perfect alignment An allowance of .0025’ 
is made for wear of the crank shaft. 


Fig. 142. Main bearing aligning reamer. 

This reamer can also be used for reaming the connecting-rod 
lower bearings, as they are of the same diameter as the main 
bearings. (Stevens Co., N.Y.) See page 789, 714: ‘‘Align- 
reaming main bearings.” 

Running-in and burning-in Ford bearings is fully treated 
elsewhere in this book. See pages 787, 789. 


Clutch Spring Tool 


A device for compressing the Ford clutch spring is shown in 
Fig. 143. 


Fig. 143. A device for compressing the Ford clutch spring. 
The end plates are Ford front-wheel flanges, one being cut away, 
so that it may be inserted over the shaft, behind the spring. 
Two bolts connect the plates, and by tightening the nuts, the 


plates are drawn together, compressing the spring. With 
this device, only one pair of hands is needed to remove the pin. 


Special Ford Wrenches 


Some speed wrenches to save time on rear-axle work are 
shown in Figs. 144, 145, and 146. 


SockE 
3/8" 


Fig. 144. The 6 ft. brace, with a 34” socket wrench is used 
for removing the universal flange nuts from the rear without 
having to get under the car. The 4% ft. one, with a 7/16” 
socket, is used to remove the torque tube retaining nuts after 
the axle has been placed in the axle stand (Fig. 145). 


Fig. 145. Method of removing the torque-tube retaining 
nuts with a special speed wrench. 


Fig. 146. Styled a “jew speeder wrench”; used in removing 
the 5/16" flange nuts and bolts holding the two halves of the 
axle housing together. (Motor World.) 
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A Home-Made Rear-Axle Stand 


An axle stand designed for the Ford rear axle is shown in 
Fig. 147, 


Fig. 147. Rear axle stand constructed of channel iron 
throughout. Each upright is laid out at a point of an L on 
the floor as shown. One half of the rear axle housing passes 
through, and is held by two of these uprights, the other up- 
right holding the torque tube. A steel cross-piece is riveted to 
this latter upright, serving as a rest for the radius rods. 


Special Reamers for Ford Car 


ees 

Cee — fi 
PLAIN Reamer 
Fig. 148. Ford reamers. 


An expanding reamer is shown in Fig. 148. A good set of 
reamers is very essential to the repairman. The particular 
reamer shown in Fig. 148 marketed by the Stevens Co., 375 
Broadway, New York, is of an expanding type. They are 
ground .005”’ undersize, and can be brought up to .005” over- 
size. This is an added advantage. 


Reamers are used for reaming out such parts as piston-pin 
bushings, steering-spindle bushings, transmission triple gear 
bushings, cam-shaft front and rear bushings, ete. In fact they 
are indispensable to the repairman, 


A reamer for spindle-body and spindle-arm bushing is the 
2-in-1 reamer for front-axle bushings. The 5” section reams 
the spindle-body bushings in perfect alignment at one operation, 


The 1” section is for use in the spindle arm bushing. 

A reamer for piston-pin bushing is used for reaming through 
both the piston-pin bushings to secure perfect alignment of 
the piston pins. 


Straight Flute 
=e 


Spiral Flute 


See 


Fig. 149. Reamers are usually made with either straight or 
spiral flutes (see Index under ‘‘Reamers”’). The Stevens Co., 
375 Broadway, New York, furnishes reamers, 


A spindle-bushing remover is shown in Fig. 150. The 
knurled end is ingerted through either bushing and pulled 


Fig. 150. Ford spindle-bushing remover. 


through until the expander slips over the inside end of the bush- 
ing, Then by tapping on the knurled end of the tool with a 
hammer, the bushing is readily removed. By reversing the 
tool, the opposite bushing is readily removed. Made of carbon 
steel, spring hardened. (G, H. Dyer, Cambridge, Mass.) 
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Data on Overhauling a Ford Car 


Fair charges for overhauling a Ford car are given elsewhere 
in this book. See page 758. 


What constitutes an overhaul is described elsewhere in this 
book. See page 758. 


Lights from Magneto 


' Fete p ° is 
The ‘‘St. Louis Evenlite” is a device (Fig. 151) that contro. 
the current from the magneto, and is for the purpose of Be 
ducing lights that have the same degree of briliancy at a 
engine speeds when the lighting current is taken from the mag- 


neto. It produces the full candlepower of the lights at 10 miles 
Light Bwitcb - 
led 
12 Se ui 8 H. L't’ 
Fig. 151. Wiring diagram of the “St. Louis Evenlite.” 


per hour, and will afford a full, clear light at 6 or 7 miles per 
hour with a very slight decrease from highest speed. It is 
made in two models, one to go on the dash under the hood; 
the other, to go on the steering post, includes a horn, a push 
button, and a switch with which the lights can be turned on, 
dimmed, or cut off. The device can be installed in thirty 
minutes. (Can be secured of A. L. Dyke, Granite Bldg., 
St. Louis, Mo.) 


The Atwater Kent Ignition for Ford Cars 


This system is not the standard or regular equipment for a 
Ford car, but is a good ignition system to be installed on this 
car, especially when overhauling. With this system, only one 
coil is used, which is of the non-vibrating type. See Index 
under “Atwater Kent type CC ignition coil and distributor.” 
(Atwater Kent Co., Philadelphia, Pa.) 


mae) 
SPARK PLUGS 


SECON DARY 


Fig. 152. The Atwater Kent ignition system for Ford 
engines. Coilis not shown. The outfit consists of the follow- 
ing parts: 


1 No. 3079 Type CC 4 cylinder 
Unisparker with ad- 
justable advance lever 
and mounting bracket 
attached. 

1 No. 3071 coil adapter unit for 


1 No. 1046 lock washer. 

1 No. 1044 bevel gear. 

1 No. 1910 complete set of 
secondary wir- 


ing. 
i er ul 1 No. 1048 advance rod. 
primary circuit. . 3075 spacing washers. 
1 No. 3074 cap screw, 474” long. 1 No. 1524 switch connec- 
2 No. 1049 cap screws, 1 14” long. tion. 
1 No, 3076 primary lead. 187 wood screw, U. 
Buz. 


The Kemco Electric System for the Ford 


Generator: Consists of a direct-current generator (13 lbs.), 
driven from the crank shaft by a Whittle V belt. It is mounted 
in the fan and charges a 6-volt battery which supplies current 
for lights, ignition, and the starting motor. 
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The Kemco wiring diagram. 


The starting motor is geared back 16 times. It is a series- 
wound motor, and starts the engine through a roller chain con- 
necting with a sprocket on an over-riding clutch connected to 
the crank shaft. (Kemco Electric Co., Cleveland, Ohio.) 


A Battery Charger 


A battery charger illustrated in Ford-Owner and Dealer is 
shown in Fig. 154. With this device the alternating current 
is rectified to direct current. The magneto is intended to sup- 
ply the current for charging. The rectifier and battery are 
placed in a battery box on the running board. The manufac- 
turers are Warnerlite Products Co., Davenport, Iowa. Another 
rectifier of a different design is manufactured by Double 
HE Co., 2307 Bosworth Ave., Chicago, Ill. 
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Fig. 154. Warner battery charger for Fords, for the pur- 
pose of charging storage batteries for the lighting system with 
current generated by the magneto. 


Cotter Pins for Ford Cars 


"here is a total of 95 cotter pins used throughout the Ford 
car, and 6 different sizes, as enumerated in Fig. 155. 


, 


Ca 


5—3/32 x 14” No. 66 
333/32 x 54” No. 88 
27—3/32 x 34’ No. 753 

4—3/32x 1 No. 421 
11—1/16 x 14” No. 544 
15— 1/8x 1" No. 82 


Fig. 155. Ford cotter pins. 


Tires 


Two Ford cars may be so changed that each has the same 
size tires all around, without extra expense except for a set of 
31” x31” tires. One will have 31” x3 14’ tires, and the other 
will have 30” x 314” tires. 

Remove the wheels without hubs from the front of one car 
and the rear of the other. Place 30” x 3” rims all around on 
one car, and 30” x 314” rims on the other. Put 31” x34 
tires on the car with 3” rims, and 30” x 314” tires on the other 
car. This gives equal size tires all around, and extra size. 


Spokes and rims can be had complete from the Ford Motor 
Co., ready to assemble to fit in the hubs. 

Extra oversize tires: The 30” x 3” front rim on a Ford will 
take a 31” x 314” or a 32” x 4” tire. 


The 30” x 314’ rear rim will take a 31” x 4” or a 32” x 4’ 
tire. ° Pe 4” He 414’ tires, of course, will fit tight and are not 
recommended, but they can be put on by lapping the beads 


slightly. 
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Demountable Rims and Wheels 


The advantages of demountable rims are explained on page 
597. Rims for 30” x 3 19” tires all round will make riding easier, 
will give longer life to the tires, and one has only one size of tire 
and tube to bother with, The Firestone Tire and Rubber Co., 
Akron, Ohio, makes this equipment for Ford and Chevrolet 
cars. The outfit consists of 5 rims for 30” x 314” tires, 4 being 
applied to the wood wheels, and 1 spare; 24 hub bolts, and a 
socket wrench. 


Visor Windshield Protector 


To keep rain and snow off the windshield, a straight piece of 
fiber or thin sheet metal (6’” to 10 wide) should have the cor- 
ners bent at right angles, as shown by the dotted lines in the 
sketch (Fig. 156). _ These side flaps keep the snow from blowing 
in at the sides, and help to support the front edge of the visor. 
The rear of the visor should be fastened to the lower side of 
the front bow of the top, by means of a number of small, round- 
head wood screws and washers. (Fordowner and Dealer.) 
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Fig. 156. Windshield protector. 


Starting-Crank Rattle 


This is prevented by the means shown in Fig. 157. 


Fig. 157. A twisted spring will keep the starting crank 
from rattling. A screen door spring is often used. 


Tool Box 


A device showing how the door on a Ford car can be utilized 
as a tool box is shown in Fig. 158. 


ric 


The front door is 


A tool box on the door. 
arranged with a light door of strips of wood properly braced, 


Fig. 158. 


the hinges screwed to a strip of wood placed up and down 
behind the metal door lock; the inner door-spring catch fits 
nicely in the notch left by removing the center cross-brace next 
the leather stop. Then a pocket made of canvas or leather is 
fastened in the lower portion of each door with a strap or two 
to keep the tools in place. Replace the door lining and put 
new strips of gimp, tacking with black-headed tacks as it was 
before. (Motor World.) 
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Power from Rear Wheels 


This is unusual, but has been done, as shown in Fig. 159. 


Fig. 159. Power from rear wheels. The device shown is 


self-explanatory. 
Broken Speedometer Shaft 


A simple method of repairing the speedometer shaft is shown 
in Fig. 160. 


4 f wD = uit 
SPEEDOMETER SHAFT CASING 


Fig. 160. To repair a broken speedometer-shaft casing, a 
sleeve is used as shown. A layer of tape is applied first. 


Muffler and Cut-Out 


The construction of the Ford muffler and a method of attach- 
ing one type of cut-out is shown on page 49. The outside 
diameter of the exhaust pipe of a Ford is 114”; therefore a 
cut-out would be required which would fit over it. 


COMMERCIAL APPLICATION OF THE FORD MODEL ‘‘T’’ CHASSIS 


The Ford is being rapidly adapted to a variety of 


commercial uses. 


The illustrations (Figs. 1 and 2) show the principal 
dimensions of the side view (Fig. 2) and top view 


(Fig. 1) of the model “T” Ford chassis. These 
dimensions will be of value when figuring measure- 
ments for bodies for commercial use which can be 
applied to the model ‘““T”’ Ford chassis. 


73 23" 


¢ OF FENDER IRON 
ree 
TOP OF REAR 


Y EE SOS MEMBER 

[ V4 x 
f ae =: Sema 5, Sa a 
/ ry aN Naa\ 


Fig. 1 (upper). 


designing is shown. 


These dimensions apply regardless of the type of body to be installed. 


Dy 


! Top view of Ford model ‘'T”’ chassis, 
Fig. 2 (lower). Side view of Ford model ‘’'T”’ chassis. 


In the illustrations above, an assembly drawing of the model “‘T” chassis, with the princi 


pal dimensions for commercial body 


THE MODEL “T” FORD 


The Ford Motor Co. does not recommend that 
the model ‘‘T”’ chassis with standard rear axle be 
used for truck use. The Ford truck with a special 
worm-driven rear axle (see Index) is furnished for 
this purpose. However, as there are many owners 
who desire to convert the Ford model ‘‘T” for com- 
mercial use, the following information may be of 
assistance. 


See page 913: 
truck chassis. 


“Ford truck” for dimensions of the Ford 
Combination Bodies for Model 
Chassis 


_ The illustrations (Figs. 3 to 9) show how several 
different types of bodies for commercial use can be 
ode from the lot of detachable parts illustrated in 

1a OE 


“Tt? Ford 


Fig. 3 shows the chassis with the base (A) fixed_thereto, 
which forms the ground work of all the variations. The base 
(A), it will be noted, includes the seat for the driver and his 
companion. 


In certain cases individual pieces of parts shown 
in Fig. 10 have more than one use, for instance, the 
upright for the canopy top of the wagonette (Fig. 5) 
and the station omnibus (Fig. 9) is used to support 
the rack of the hay and straw wagon (Fig. 8), 
though when the last-named is used, an additional 
pair of supports can be fitted. 


The station omnibus body has double doors, for 
the base carries permanently a half-door at the 
back. The upper half for the omnibus use is 
attached to the detachable panels; the half-doors 
are bolted together in use, so as to form a single unit. 


The seat backs used for the wagonette (Fig. 5) 
and the station omnibus (Fig. 9) also form a part 
of the sides of the closed van (Fig. 7), and for the 
latter, the same canopy and upright are used. In- 
stead of the upper half-door and rear panels of the 
station omnibus, the van has a back panel hinged at 
the top, two supports being provided to hold it 
open when required. 
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Figs. 4 to 9, showing different body constructions which can 
be assembled from the parts shown in Fig. 10. 
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The parts in Fig. 10 will make the following: 


Fig. 10 

Fig. 4. The Flat Lorry is made up of the base (A) (as on Fig, 
8), the float (F), and the uprights and the canopy (C) (Fig. 10). 

Fig. 5. The Wagonette is made up of base (A) (Fig. 3), and 
the parts (B) and (C) (Fig. 10). 

Fig. 6. The Live-Stock Dray has a lattice (G) (Fig. 10), 
placed on base (A) (Fig. 3), and float (F) (Fig. 10). 

Fig. 7. The Closed Van for perishable goods is made up of 
the base (A) (Fig. 3) with parts (B) (C) and (D). 

Fig. 8. The Hay and Straw Wagon is made up of base (A) 
(Fig. 3) and parts (F) and (A) (Fig. 10), with canopy uprights. 


Fig. 9. The Station Omnibus is made up from base (A) 
(Fig. 3), with sides (B), glass sides (E), and canopy (C). 


Trailers! 


Trailers are divided into two general classifica- 
tions: the two-wheeled, or cart type; and the four- 
wheeled, or wagon type. The two-wheeled type is > 
of course much simpler, and does not require any 
steering gear, being simply attached to the rear by 
a tongue and flexible connection. The attachment 
is usually made to the center of the rear cross- 
member of the chassis frame, where the spring is 
fastened—the spring clip bolts often bemg used to 
fasten the trailer connection. 

On level country roads, Ford cars are sometimes 
used to pull from two to three of the light, two- 
wheeled trailers. When much used for pulling 
trailers, it is advisable to change the bevel gear and 
pinion in the rear axle,.so that a gear ratio of 4 to 1, 
or as high as 6 or 7 to 1, can be obtained. ‘This 
lessens the strains on the engine, transmission, and 
other parts of the power plant. 

The capacity of the two-wheeled trailer is usually 
about half a ton, although some are made of a three- 
fourths ton capacity. 

The capacity of the four-wheeled type of trailer 
is usually one ton or more. But a one-ton trailer is 
about as large as should be used in connection with 
a Ford car. 

The speed, with trailer attached, is but little below 
that of usual touring-car speed. Twenty miles an 
hour is the usual speed. 

Load distribution on two-wheeled trailers should 
be divided evenly in front of and behind the axle. 
Otherwise, severe strains will be placed on the con- 
nection between the car and the trailer, and the car 
may have to carry part of the load. 

The coupling, or connection, between the car and 
the trailer should be quickly detachable, and should 
be provided with a cushion spring to asborb jerks 
and shocks when starting and stopping. 


1 See also page 952: “Trailers.” 
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THE LIBERTY ENGINE: History; Construction. GNOME ENGINE 


BRIEF HISTORY 


At the declaration of war, Mr. H. E. Coffin, 
and soon thereafter, Mr. E. A. Deeds, were called 
upon to organize the production of aviation equip- 
ment. 


2 


J. G. Vincent, Chief Engineer of the Packard 
Motor Car Co., and E. J. Hall of the Hall-Scott Co., 
of Berkeley, Cal., were called into conference at 
Washington, May, 1917. On May 29, these two 
men started the design of an 8-cylinder aviation 
engine to develop approximately 200 h.p., and a 
12-cylinder engine to develop 300 h.p. The first 
engine, an 8-cylinder, was delivered to the Bureau 


of Standards, Washington, July 4, 1917, and ran 
successfully. 


The Engine Production Department, a section of 
the Division of the Signal Corps, was created in 
August, 1917, with Lieut. H. H. Emmons in charge 
as Chief Engineer of the Engine Production Depart- 
ment. 


The horsepower of the 12-cylinder engine was 
increased to 440 h.p., and in spite of many diffi- 
culties, more than 15,000 engines were produced by 
November 29, 1918, or within eighteen months after 
work began—certainly amarvelous accomplishment. 


OILING SYSTEM 


The oil supply for the Liberty engine is carried in 
a reservoir which is cooled. This reservoir is 
mounted somewhere in the vicinity of the engine, 
and from it oil is led to the connection on the right 
side of the oil-pump body, which is marked “‘oil in.” 


There are two oil pumps: a delivery pump and 
an oil-return pump. See Fig. 1. 


Oil-return pump: Immediately above the oil- 
delivery pump is located the “‘oil-return pump” con- 
sisting of three gears, and driven by the same shaft 
as the delivery pump. ‘The function of this oil-re- 
turn pump is to draw the excess oil out of the crank 
case and return it to the oil reservoir. One half 
of this pump draws oil from the oil sump at the 
propeller end of the crank case, and the other half 
draws oil from the sump at the distributor end of 
the crank case. Both halves of the pump deliver 
oil to the connection on the left side of the oil-pump 
body marked ‘‘oil out,” from which point it returns 
to the oil reservoir. 


The oil-delivery pump takes the oil and delivers 
it under pressure to a distributor pipe (C) running 
the entire length of the crank case. 


There is a pressure regulating valve between the 
pump and the distributing pipe which holds the pres- 
sure so that it does not exceed 50 lbs. per sq. in. 


The oil-gauge pressure, after about 3 minutes of 
running at 600 to 800 r.p.m., should show about 5 
Ibs. pressure, and at 1,600 r.p.m. up to 30 lbs. 


From the distributor pipe, there are pipes (P) 
leading to the main crank-shaft bushings. The 
crank shaft is hollow, and in the center of each main 
bearing there is a radial hole drilled through the 
shaft into the hollow center. A passage leads from 
each hollow main bearing to the adjacent erank pin, 
which is also hollow. A radial hole is drilled 
through each crank pin and carries the oil out on 
the surface of the pin, 


There are oil grooves and passages in the connect- 
ing-rod bushings to insure proper lubrication for 
both the forked and plain connecting rods. 


The oil spray thrown off by centrifugal force from 
the ends of the connecting rods lubricate the piston 
pins and cylinder walls. 


A part of the oil conducted to the crank-shaft main 
bearing at the propeller end of the engine goes 


through a passage around this bearing and up 
through pipe leads (F) and (E), to the propeller end 
of the cam-shaft housings. Krom the end of the 
cam-shaft housing it is led around the end of the 
cam-shaft bearing through a passage drilled diamet- 
rically through the bearing midway of its length. 


Once in every revolution of the cam shaft, a hole 
drilled through the cam shaft into its hollow center 
registers with the oil passage through the bearing. 


Thus once in every revolution of the cam shaft a 
small quantity of oil is forced into the hollow cam 
shaft. 


The oil is led through the cam shaft and out 
through holes drilled in it to each cam-shaft bearing. 


The excess works out of the ends of these bearings 
and collects in small reservoirs to a depth of about 
4". The cams, in revolving, dip into this oil and 
splash it over the cam rollers. 


The excess oil eventually finds its way to the gear 
end of the cam-shaft housings, over the gears, and 
down the drive-shaft housing into oil chamber (O), 
just above the oil pump. 


The excess oil thrown off in the crank case by the 
connecting rods collects in this same chamber when 
the engine is inclined, so that the propeller end is 
high. _ If the propeller end of the engine is low, this 
oil collects in the oil pump or chamber at the 
propeller end of the crank case. 


Starting Engine 


Block wheels securely. With the ignition switches Movie 
turn the propeller forward five or six revolutions to distribute 
oil over the eylinder walls, 


Set throttle slightly open, at a point which will run the engine 
at 600 to 800 r.p.m. Set spark at fully retarded position. 


Prime engine (fll priming cock twice), and with ignition 
switch ‘‘off,” turn engine forward two revolutions. Turn 
one (either one) ignition switch ‘‘on’’ and start the engine by 
pulling steadily down on the propeller blade. When the engine 
starts, turn on both switches and advance the spark halfway, 
leaving the throttle approximately in starting position, and 
allow the engine to run at idling speed (about 800 r.p.m.) for 
five or ten minutes until warmed up. At the same time test 
the crank-case temperature with your hand. The crank case 
should be warm by the time the temperature of the water has 
increased to 150° Accelerate and slow down the engine 
occasionally to throw oil up into the cylinders.. When the 
engine is well warmed up, the throttle may be opened wide 
(wheels blocked), and the speed of the engine noted. The 
tachometer should show 1,550 to 1,600 r.p.m,. on the ground. 
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Fig. 1. (Ex) exhaust ports; (CS) cam shaft; (G6) cam-shaft drive gear; (G) drive-shaft housing; (G1), (G2), (G7), 


(L) (D) correspond with Fig. 5; 
(CR) connecting rods; (RS) crank shaft, 


(O) oil chamber above oil pump; 


(WG) water-pump gear; (C) oil-distributor pipe; 


GENERAL CONSTRUCTION 5 


The Liberty engine used in the De Haviland and 
other land planes and many seaplanes is a 12-cylin- 
der ‘V-type, with overhead valves and overhead 
cam shaft. It weighs approximately 890 lbs., and 
the horsepower ranges between 350 and 400 in the 
army type with the high-compression pistons, and 
between 320 to 340 in the navy type with low-com- 
pression pistons.! 


The rated fuel consumption is 0.54 lb. a horse- 
power, or 36 gal. an hour with wide-open throttle 
at 1,700 r.p.m. Under service conditions about 30 
gal. an hour is a fairly representative consumption. 


The oil consumption is 0.03 lb. a horsepower-hour, 
or 1% gal. an hour with wide-open throttle at1,700 
r.p.m. 


The horizontal flying speed of the engine is 1,700 
r.p.m., and the ground speed is 1,600 to 1,625 r.p.m. 


Cylinders 


Cylinders: The design follows the practice used 
in the German Mercedes, English Rolls-Royce, 
French Lorraine-Dietrich, and Italian Fraschini 
before the war and during the war. 


The cylinders are made of drawn-steel inner 
shells surrounded by pressed-steel water jackets 
welded to the cylinders and at their own seam. 


1 Engines required for different classes of work were: (1) 
elementary training planes; (2). advanced training planes; 
(3) combat planes. For (1) Curtis ‘‘OX’’, 90 h.p. engine, and 
Hall-Scott “A-7A.” 100 h.p. engine, were used. For (2) the 
Gnome 110 h.p. engine, made by the General Vehicle Co., 
Long Island, N.Y., and the Le Rhone (similar), of 80 h.p., 
made by the Union Switch and Signal Co., Swissvale, Pa., and 
the Hispano-Suiza, 150 h.p., by the Wright-Martin Co., New 
Brunswick, N.J., were used. For (3) the Liberty engine was 
used. It was estimated that 22,500 would be required for 


the army and navy. 


Each cylinder has one inlet and one exhaust valve 
and two spark plugs. 


Angle between cylinders: In the Liberty the 
included angle between the cylinders is 45°; in all 
other existing 12-cylinder engines it is 60°. This 
feature is new with the Liberty engine, and was 
adopted for the purpose of bringing each row of 
cylinders nearer the vertical and closer together, so 
as to save width and head resistance. By the nar- 
row angle greater strength is given to the crank case, 
and vibration is reduced. 

A disadvantage of this angle, if used for automobile work, 
would be the resulting uneven firing impulses, which would be 
noticeable at low speeds. Under these conditions, in the 


course of the distributor brush rotation, the sparks first occur 
close together (224)° and then far apart (37°). 


With the airplane engine, however, where the speed is usually 
high and constant, the uneven impulse is not noticeable. 


The bore is 5’’ and the stroke is 7’’, the same as 
on the Hall-Scott ‘‘A-5” and “‘A-7” engines, and as 
used on the Hall-Scott 12-cylinder engine. The 
piston displacement is 1,649.34 cu. in. 


An engine in all respects identical with the Liberty 
airplane engine, but having cast-iron cylinders, is 
used in “tanks.” 

Pistons 

The pistons are of aluminum, and are of the Hall- 
Scott design. 

There are two designs of pistons used, one for 
the army and one for the navy. 


The army type of piston has a crowned head 
which gives an 18 per cent compression space. 


1 The navy type usually works at low altitudes and the army 
type at high altitudes, hence the reason for low and high-com- 
pression pistons. 
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The navy type of piston has a flat head which gives 
a 20.5 per cent compression space. 

The pistons are 5” long, and have three rings of 
the eccentric type, all at the top of the piston. 
These piston rings are assembled with a gap between 
the ends of the rings not less than .025’. The 
pistons of the engine weigh 3 lbs. 3 oz. and are fitted 
with a clearance of .018’ to .020”. 


Piston Pin 
This is a seamless steel tube, the tube being a 
drive fit into the bosses on the aluminum piston. 
The tube is 1144” in outside diameter and is sur- 
rounded by a bronze bushing upon which the upper 
_ end of the connecting rod bears. 


Crank Shaft 

The design follows the standard 12-cylinder prac- 
tice, except as to oiling. 

The crank shaft is a drop-forged 7-bearing crank 
shaft 254’ in diameter, the longer being at the 
propeller end. 

The shaft carries a propeller hub at its forward 
end, and at the rear end carries a bevel gear for 
driving the valve mechanism. 

A double-row thrust bearing at the propeller- 
hub end of the crank shaft takes the end thrust on 
the shaft. 

The shaft is drilled for oil passage, the openings 


being drilled through the crank cheeks through ” 


the crank pins. 
Connecting Rods 


The forked or straddle-type connecting rods of 
I-beam type are used. This type of connecting rod 
was first used on the French De Dion car, and on 
the Cadillac in this country. The length is 12” 
between centers. Both crank shaft and connecting 
rods are made of chrome nickel steel. 


Connecting rod assembly in 
side view gnd section 


‘fod (plain end) bolt 


Detail of crankshaft, 
showing method of 
plugging bores 


Fig. 2. Note that the lower part of the plain end connecting 
tod is placed between the forks of the forked end rod. (P) shows 
a section of the Jower end of the plain rod over the bearing 
bushing (E), which is the upper half of the bearing bushing, 
and (F) is the lower half. The plain rod has one cap (PC) and 
the forked rod, two caps (FC). The left rods are forked, and 
the right are plain, 


The clearance between crank pin and lower connectin d 
bushing varies from .003’” to .004. cay 


: baer between the plain rod and the back of the bushing 
is . 5 


The bushing carried by the forked rod should h ff; ine 
to .020’ side play on the crank pin, a salvia Acs 


The plain end rod should h f .004’” Pasi 
Rais ete ave Irom .004” to .008” side play 
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Crank Case 


The crank case is in two pieces, both of which are 
aluminum castings. 


The crank-shaft bearings are on a line with the 
split in the crank case, the lower halves of the 
crank-shaft bearings being held in the lower half 
of the crank case and the upper halves in the upper 
half of the crank case. 


The two halves are tied together by long bolts or 
studs (S) (Fig. 3), which pass through the upper 
half of the crank case, through bosses, the nuts 
being at the top of the upper half of the case. This 
gives an accessible construction which is at the same 
time rigid. 


Fig. 3. Cross-section through lower half of crank case. 


A careful joint is made between the two halves of 
the crank case in order to secure the desired align- 
ment at the main bearings, the joint being lapped. 


Cooling System 


Cooling water is circulated through the Liberty 
engine by a centrifugal pump running at one and a 
half times the engine speed. 


The capacity of this pump is 100 gal. a minute at 
1,700 r.p.m. The cooling system from the pump 
inlet to and including the water outlet header will 
hold 5% gal. of water, or 46 lbs. 


Cold-Weather Instructions 


Anti-freezing preparations are not used. The 
cooling system is filled with boiling water. 


Hot lubricating oil is put into the crank case. 
Oil can be heated in an open-top container set in 
boiling water. 


_ The engine is primed to start at slow speed. It 
is then run on the ground until the oil has been 
thoroughly distributed. 


The plane is not taken from the ground until the 
water temperature is 160°F. The engine should not 
remain stationary more than 10 minutes at a time, 
as it will get cold again. The temperature of the 
water should not exceed 200° F., and should average 
about 180°. 


After finishing a test flight, all oil and water 
should be drained before the engine cools. 


The spark plugs should be removed from the 
engine and kept in a warm place, if the engine is to 
stand idle over night or for a long period. 


Propeller 


The propeller is 9 ft. in diameter; the blade is 
9” in width. The difference in pitch between the 
two blades is 1/16’ in 9 inches. The Hall-Scott 
propeller hub was adopted. 


Fig. 4. 
4 


Valves 


The valves are mounted in the heads of the 
cylinders and are inclined at an angle of 15° to the 
center line of the cylinder, so that the angle made 
by the center lines of the two halves is 30°. 

The valves are of the standard mushroom type 
with a 45° seat. The cylinder heads are bushed for 
the valves, and the valve springs are of the double 
concentric type. 

The intake manifold passes between the two rows 
of cylinders, and the carburetors in most of the 
installations are mounted in the “V.” 

The entire valve drive is housed above the 
cylinders and can be readily removed without tear- 
ing down the engine. 

The valves are operated from the cam shaft by 
roller cam followers, which actuate the rocker shaft 
and in turn the valve rocker arm or lever. 


To adjust valve clearance: Turn the tappet 
screw (see Fig. 14, page 1151). 
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Propeller end view of Liberty “12” engine. 


Cam-Shaft Drive 


The cam-shaft drive was copied almost entirely 
from the Hall-Scott engine. In fact, several of the 
gears used in the first sample engines were supplied 
by the Hall-Scott Motor Car Co. This type of 
anys is used by the Mercedes, Hispano-Suiza, and 
others. 


By referring to Fig. 5, on next page, the drive 
system can be seen. 


Drive-Gear System 


(G1) is the main drive gear on the end of the 
crank shaft; (G2) drive gear for lower oil and water- 
pump shaft; (D) bearing assembly; (G7) drive 
gear for water pump; (N) oil plug; (L) oil-pump 
shaft (runs at 114 times the engine speed); (G3) 
driven gear for upper shaft; (G4) drive gear for the 
two inclined shafts (through G5), which drives the 
right and left overhead cam shaft. 


The inclined shafts revolve at 114 times the engine 
speed; (G6) is the gear (one on each inclined shaft) 
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to drive the cam shaft; the cam shaft revolves at 
one-half the engine speed; the distributor rotor : 
or brush, is driven from the cam shaft, at cam-shaft 


speed. 


Tachometer drive and gun synchronizer: Pro- 
vision is made for mounting a mechanically driven 
air pump on the distributor end of the engine cranx 
case and for driving it by means of a splined shaft 
fitting into the crank-shaft gear. An extension of 
this shaft carries a double adjustable cam designed 
to operate a machine gun. The over-all length 
of the unit is 6’”. 


The tachometer is driven from the generator shaft. 


Valve’ Pointers 


One method for testing gas tightness of a valve: 
This can best be done by inverting the cylinder 
with the valves in place and pouring asmall quantity 
of gasoline in the cylinder. Watch for seepage 
around the valve. If the valves show any leak, 
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Fig. 5. Transverse 
and also the valve action. 


section, from distributor end, showing how the oil and water pump, 
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they should be carefully ground in. | The cylinder, 
for this operation, should be held in position by 
means of the flange at the bottom. 


Valves should not be ground any oftener than is 
absolutely nécessary; and then only enough to 
“clean up” the seat. If a valve is pitted or warped 
to such an extent that it is necessary to grind it 
heavily, care should be taken that any ridge or 
shoulder formed on the edge of the valve seat be 
dressed down with a fine mill file. The abrasive 
should be carefully washed off the valve, the seat, 
and the inside of the cylinder. Test the seating of 
the valve with Prussian blue. 

The exhaust valve spring exerts a pressure of 45 
lbs. when compressed to a length of 214’. The 
intake-valve spring exerts a pressure of 2314 lbs. 
when compressed to a length of 214”. 


Piston Pointers 


Examine the piston for scores. It is very likely 
that the pistons will show scratches which were 


‘4 WIRES OR 
s CABLES 


generator and cam shaft are driven, 
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caused during the first run-in of the engine. It is 
difficult to draw a line of distinction between what 
is termed a scratch and a score. A piston should 
not be discarded unless the scores extend past the 
piston rings and seem to be of recent origin. 


Examine the piston for even bearing on its outside 
surface. If any piston shows excessive wear on 
one side at the bottom and not at the top, it is an 
indication that the connecting rod is twisted or bent. 
pbs rod should be straightened up before assem- 

ing. 


Piston Rings 


Examine the piston rings for even bearing on the 
outside surfaces. The ring should be a free fit in 
the grooves, and should not be so loose that any 
shake is noticeable. 
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Inspect the condition of the ring grooves through 
the ring gap as to carbon deposit. If the carbon is 
soft and not of great amount, it may be wiped out 
with a soft rag over a splinter of wood inserted 
through the gap in the ring. If the amount of 
carbon is excessive and caked hard, the ring should 
be taken off. 


Ring grooves should be wiped out with a soft cloth 
moistened with gasoline, and any carbon caked in 
these grooves may be scraped out with a piece of 
wood. 


It is preferable to put back the old rings, if the 
wear has not been too excessive, than to fit new rings 
which have not been run in. 


The gap between the ends of the ring should not 
be less than .025’’ when the ring is fitted in the 
cylinder. 


Carburetor 
altitude RIGHT 


adjust pisTRIBUTOR 


Crankcase 
< oil filler 


6. Distributor or rear-end view of Liberty “12” engine. Note that the high-tension ignition coils are an integral 


unit of each distributor, being placed on their front. 


Note, too, that all controls are at this end of the engine. 
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Connecting-Rod Bearings 

If the bearing has been damaged or shows wear 
to such an extent that it is advisable to replace it, 
the new bushings should first be fitted in the forked 
endrod. Besure that bushing seats properly in rod 
and dowel does not hold it away at any point. 

The caps of the forked end rod should be put in 
place and drawn up tightly. 

Examine the joints between the cap and the rod 
and between the two halves of the bushings. _ Caps 
and bushings should bear equally hard at the joints. 
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The bushing should then be scraped to a free fit 
.003’’ to .004’” larger than the crank pin. 


The ends of the bushing should be dressed off 
with a fine mill file, and a sufficient amount should 
be removed to permit from .010” to .020” side play. 
Touch up the radius at each end of the bushing with 
a scraper until it clears the fillet of the crank pin. 
Test this point by coating the crank pin and each 
fillet lightly with red lead or Prussian blue. 


After fifty hours of running, the engine should 
undergo a thorough inspection. 


CARBURETION AND FUEL SYSTEM 


Two Zenith duplex carburetors are used. This 
is equivalent to four single carburetors, each one 
supplying three cylinders of the engine. 


’ Each duplex carburetor consists of a single float 
chamber (Fig. 7) and a single air inlet joined to two 
separate and distinct spray nozzles, venturi and 
idling devices. See also page 131. 


Each of the two barrels of each carburetor is fitted 
with a throttle valve of the butterfly type. The two 
pairs of throttles are operated simultaneously by a 
shaft provided with an adjustment at each end by 
which the pairs may be synchronized. 


Fig. 7. Zenith carburetor. 


An altitude adjustment is incorporated in this 
Zenith airplane type of carburetor, the purpose of 
which is to adjust the gasoline supply to the eed 
conditions met with at higher altitudes. 


If a carburetor is adjusted to deliver a properly 
proportioned mixture at sea level, it will supply 
an increasingly “‘rich” one as the machine mounts 
to higher altitudes, owing to the fact that the air is 
lighter and less dense in the higher altitude. 


The principle of the altitude adjustment, shown in 
Fig. 7, is as follows: The float chamber is open to 
the air through two screened air inlets, 


‘The well (J) is in open communication at its top 
with the float chamber. 


A passage (P) is provided from the float chamber 
to the carbureting chamber below the throttle valve; 
this passage is fitted with a stop cock (L), which is 
manually operated from the pilot’s seat. 


Under normal conditions, that is, on the ground 
the stop cock (L) should be closed and the ceNotine 


in the float chamber will be subjected to atmospheric 
pressure through the screened-air inlets. 


When the engine is running, the partial vacuum 
produced in the throat or choke (X) will draw the 
gasoline out of the nozzle (G) and (H) in proper 
proportions. 


At an altitude of about 6,000 feet, the aviator will 
begin to open the valve (L), thus drawing air from 
the float chamber and establishing therein a partial 
vacuum, which depends on the degree of opening of 
stop cock (L); this partial vacuum will impede the 
flow of gasoline through the jets, and the mixture 
will be made more lean. 


The altitude valve should be opened as far as pos- 
sible consistent with obtaining the greatest number 
of r.p.m. of the engine. 


The float level is set so that the gasoline level is 
4" below the main cap jets. 


Gasoline System 


_ The air-pressure feed is used from the main gaso- 
line tank. The initial pressure (3 lbs.) is obtained 
from the hand pump (Fig. 8). After the engine is 
running, the air pressure is obtained from the power 
air pump on the engine. 


_ The auxiliary gravity feed tank, located overhead, 
is filled by pressure from the main tank. See Fig. 
8, for further details. 


The engine-driven air pump with its regulator is 
designed to hold the pressure on the gasoline tank to 
approximately 3 lbs. In order to determine whether 
or not the pump is functioning properly, screw down 
the pressure-regulator adjusting screw. Thisshould 
cause the pressure in the tank to rise, if the pump is 
operating as it should. Now screw the regulator 
eee aaa up until the pressure is held steadily at 

0) 8. 


Gasoline recommended: Specific gravity; 58 to 
65 Baume; initial boiling point, 102° F., not higher 
than 120°; final boiling point 350° F, 


Fuel consumption is .54 Ibs. per horsepower-hour, 


or 36 gal. per hour with wide-open throttle at 1,700 
r.p.m, ; 


_ The gasoline pipe is annealed copper tubing 3¢’ 
inside diameter from the tank to the T ieee 
carburetors. From this T to each carburetor, the 


pipe is 9/32”’ in diameter, 


The air-pressure pipe is 3/16” inside diameter 
copper tubing. { 
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' AUXILIARY GRAVITY TANE I8 
FILLED BY PRESSURE FROM THE 
MAIN TANE, 

TO FILL 
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Fig. 8. 
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© PRODUCE INITIAL AIR PRESSURE ON MAIN 
GASO: TANK: TURN 3 WAY VALVE TO 
ee es TO OPERATE HAND PUMP 


THE S$ WAY VALVE SHOULD BE TUBNED TO 
(‘OLOSED’’ POSITION UNDER ALL OTHER 
CONDITIONS. 


Fuel system. 


LIBERTY ENGINE ELECTRICAL SYSTEM 


Ignition 


The ignition system (Delco) used on the Liberty 
“12” is of the battery type with two independent 
breaker and distributor mechanisms, mounted on 
the ends of the cam shafts, identical in every 
respect and each one firing all twelve cylinders. 


These distributors are supplied with electrical 
energy from two sources: For starting and idling 
speeds up to 650 r.p.m., current is drawn from the 
specially constructed 4-cell storage battery which 
has sufficient capacity to ignite the engine at full 
speed for 3 hours and is so constructed that it will 
function properly upside down (8-volt, 11 ampere- 
hour capacity). ae 


The generator builds up so that it takes up the 
load at 650 r.p.m. ; ; 


Two main contact-breakers connected in parallel 
are located in each distributor box, and the two 
circuit-breakers are timed to operate simultaneously. 
The two contact-breakers are furnished in dupli- 
cate, as a precautionary measure. The breaker 
cams have 12 lobes. 


Auxiliary contact-breaker is to prevent the pro- 
duction of a spark when the engine is turned back- 
ward or “rocked.” This auxiliary breaker (Fig. 9) 
is connected in parallel with the other two through 
a resistance unit which reduces the amount of cur- 
rent flowing through it. The breaker is so timed 
that it opens slightly before the other two when the 
engine is turned in a forward direction. The open- 
ing of the main breakers then results in the produc- 
tion of a spark. 


CO I 


MAIN GONTACT- 
REAKER 
Fig. 9. Auxiliary ignition contact-breaker. 


When the engine is turned in a backward direc- 
tion, the two main breakers open first and no spark 


is produced owing to the fact that the current con- 
tinues to flow through the coil through the auxiliary 
breaker, but in diminished quantity, because of the 
resistance unit. By the time the circuit is opened 
at the auxiliary breaker, the intensity of the mag- 
netic field of the coil has weakened to such an 
extent that no spark is produced. 


A coil is incorporated in the cover of each dis- 
tributor head (see Fig. 6, page 1147). 


Generator 


In addition to the battery, a positively driven 
generator, mounted at the rear of the engine (Figs. 
5 and 6), is provided, so geared that it runs at 114 
times crank-shaft speed. Itisa4-poleshunt-wound 
machine. 


As stated above, electrical energy for starting and 
idling speeds is supplied by the battery. As the 
engine speed is increased, the generator ‘‘builds up” 
and its output grows greater until at about 650 
r.p.m., the generator voltage equals that of the bat- 
tery. 

The maximum generator output exceeds the 
requirements for igntion, so that, at speeds above 
650 r.p.m., the direction of flow of the current is 
reversed and the excess output of the generator goes 
to recharge the battery. 


Regulation: The generator is controlled by a 
“voltage regulator,’ mounted on the cowl of the 
plane. It consists of an iron core on which are 
wound three coils, the connections of which are 
shown in Fig. 15. The regulator prevents the out- 
put exceeding a predetermined figure. In view of 
this fact, the generator will supply current for 
ignition indefinitely, without the battery, so long 
as the engine speed is not allowed to drop below 
500 r.p.m. It is not possible to crank the engine 
fast enough to start it on the generator, however. 


Switch 


A duplex ignition switch, mounted on the cowl 
of the plane (Fig. 16, page 1151) is provided which will 
permit of either one or both distributors being 
turned “on.”? This switch is so constructed that 
either set of igntion alone can be used without con- 
necting in the generator. 
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In starting, only one side should be used as, with 
both switches “on,” the generator is connected to 
the battery. Under these conditions the discharge 
from the battery through the generator before the 
engine is started would be an excessive drain on 
the battery. It is essential that both switches be 
“on” at all flying speeds. 


When operating at a speed under 650 r.p.m., only 
one switch should be used, as with both switches on, 
the generator is in the line and working as a motor. 
The result is, with both switches on, the pull on 
battery is about 12 amperes. With one switch on, 
the draw is 4 amperes, which is the ignition load. 


Idling at 650 r.p.m. for an hour, with both 
switches on, will discharge the battery. 


The ignition switch has an ammeter incorporated 
in it, and this ammeter should be watched occasion- 
ally as it indicates the amount of current flowing 
to or from the storage battery. 


If the ammeter shows a discharge at any speed 
above 650 to 700 r.p.m. with both switches ‘‘on,”’ 
it is an indication that something is wrong with the 
generator circuit and that all electrical energy is 
being supplied by the storage battery. 


If the ammeter stands at zero under the same 
conditions, it indicates that the storage battery 
is not receiving a charge, but that the ignition is 
being carried by the generator. 


There are two ignition resistance units mounted 
on a back of the ignition switch (see Fig. 15, page 
IES) 


Storage Battery 
The storage battery is charged at .7 amperes for 
70 hours if discharged. It is an 8-volt 4-cell battery. 
Spark Plug 


There are two spark plugs per cylinder to the 
Liberty “12.” 


__One airplane type of spark plug (Splitdorf) is 
illustrated in Fig 10. 


Fig. 10. Airplane type of spark plug. 


The spark plugs are subjected to a pressure of 
90-110 Ibs. The gap distance is .015’’ to .018”, 
The life of a plug of this type is 25 to 100 hours, 


The parts of the Splitdorf plug (Fig. 10) are as 
follows: Brass terminal, mica washers, lateral 
wound mica, steel center rod, 98 per cent pure nickel 
electrode point, carbon steel from brass terminal to 
electrode, and carbon steel shell, 


The AC Titan, one-piece porcelain spark plug is 
used on the Liberty 12-cylinder shane ee 


Firing Order and Valve Timing 


Valve timing: Inlet opens 10° after top dead 
center; closes 45° after bottom dead center; exhaust 
opens 50° before bottom and closes 10° after top. 
Note that if the spark is fully advanced the spark 
will occur 30° before top dead center on the compres- 
sion stroke. See Fig. 13 for valve-timing diagram. 
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Fig. 12. Order of firing—Standing at the distributor end of 
the engine and looking toward the propeller, the groups of 
cylinders are designated as “Left” and “Right” respectively and 
are numbered 1, 2, 3, 4, 5 and 6 beginning at the distributor end. 
The order of firing is as follows: 
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Fig. 14. Valve-clearance adjustment on Liberty engine. 


Electric Wiring and Ignition System 


Electric wiring: For low-tension work, No. 14 
stranded cable for a distance of 10 feet or less, or 
No. 10 for a distance up to 25 feet, well insulated 
with rubber and braid. Wires taped and shellaced 
where clipped to the fuselage. See Fig. 15, wiring 
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Wiring diagram of Liberty engine. 
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diagram. A single-wire grounded-return (G) sys- 
tem is used. 


The spark-control advance and retard at the dis- 
tributor is 10° after dead center ‘‘retarded,” and 
30° before dead center “advanced” (see Fig. 13, 
page 1150). 


The contact-breaker (timer) gap, when the 
breaker is wide open, should be .010” to .013””. 


The spark-plug gap: .015” to .018” of an inch. 
Defects in all spark plugs are most apparent when 
the plugs are hot. 


Timing: When the engine is set on the firing 
point of No. 1L cylinder, in other words, with No. 
IL crank set 10° past top of ‘compression’ dead 
center, the carbon brush in the end of the distributor 
rotor should bear on the brass contact marked 1L 
on the distributor head. 
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Blades Separately 
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breaker 


Fig. 16. Duplex ignition switch. 


GNOME MONOSOUPAPE REVOLVING CYLINDER ENGINE 


The Gnome engine is designed 
for airplane work. 


The word “monosoupape”’ 
means “‘single-valve.”’ Each cyl- 
inder has but one valve (exhaust). 
The charge of gas is taken from 
the crank case and compressed. 
in the head of the cylinder. 


The engine shown has 9 revolv- 
ing cylinders, the principle of 
which is explained on page 91. 
The Gnome engine is also made 
with 14 cylinders. 


ie 
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A, A—engine carrier; B—stationary crank-shaft; 
C, Cl—starting gears; D—accessory driving gear; 
E—carrier plate; F—distributor ring; G—distrib- 
utor brush; H—thrust plate; I—mother con- 
necting rod; J—small connecting rod; K—cam 
distributor; L—end plate; M—nose; N—propeller 
hub; O—planetary timing gears; P—gasoline 
nozzle; Q—oil pipe; T—exhaust valve push rod; 
S—rocker arm; R—exhaust valve. Cams operate 
half-speed and there is one for each cylinder. 
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GENERAL INDEX 


Instructions how to use the Index: This Index is 
prepared so that a student, a novice, an expert, or 
an instructor can readily find any subject in the 
book. It is advisable, therefore, to take a few 
minutes’ time to study the Index and to follow the 
instructions given herein before starting to study 
the book. 


The subjects are alphabetically arranged, but 
classified as major, minor, and miscellaneous 
subjects. 


Major subjects are: Assembly of the Auto- 
mobile, Principles, Troubles, Adjusting, Testing, 
Repairing, and Timing. These subjects are indexed 
in black face type. For example, if you desire to 
find the Fundamental Principle of any subject, first 
look under ‘‘Principle of.” 


Likewise, if you desire to find how to Diagnose or 
to Test for a Trouble, first look under ‘‘T'roubles”’ 
and then under ‘‘ Testing.” 


If you desire to find how to adjust any part of a 
car, first look under “Adjusting.” If what you are 
looking for is not found, then look under the part 
to be adjusted, such as ‘“‘Clutch” or “Carburetor,” 
ete. 


If you desire to find how a certain car, truck, or 
tractor is constructed, look under ‘‘Specifications,” 
pages 1056, 966, 996. 


If you desire to find how to adjust the axle, 
carburetor, clutch, or some other part of a certain 
make of car, truck, or tractor, and do not know the 
make or type used on that car, first look under 
“Specifications of Passenger Cars, Trucks, or 
Tractors,” then turn to that page and find the make 
or type of axle, carburetor, clutch, etc.; then turn 
to the Index for the part of that particular make; 
or if the make is not given, the type will be given; 
then turn to the page whereon it is described. 


For example: Suppose you wished to find the 
method of adjusting the clutch on an Auburn car; 
first tun to the specifications where you would find 


that the clutch used was a Borg & Beck; now turn 

to the Index under “Borg & Beck clutch adjusting,” 

a not found, turn to ‘Clutch, adjusting (Borg & 
eck). 


Measurements: Before the student can clearly 
understand valve timing, ignition timing, and the 
many other subjects treated in this book, it is 
advisable for him to turn first to the Index and to 
find such subjects as ‘‘Decimals,” ““Thousandth Part 
of an Inch,” “Degrees,” etc., and to learn fully their 
meanings. 


Terms, Symbols, and Index Review: Likewise 
the student should study the meaning of words and 
terms in the Dictionary, and also refer to the Index 
for “Glossary of storage battery terms,” “Glossary of 
gear contacts,’ and also “Electrical symbols” and. 
“Symbols of degrees, feet, inches, and seconds,” all of 
which can be found by referring to the Index. 


Table of Contents: In the first part of this book 
a brief digest of subjects is given, together with the 
page number and instruction number. It is advis- 
able to read it carefully first. 


If you don’t find what you want under one head- 
ing, stop and THINK—what other heading it could 
be under. For instance, if you are looking for the 
“Adjustment of floats of carburetors,” it may be 
under ‘Carburetor float adjustment,’ or “Adjust- 
ment: carburetor float,” or “Floats for carburetors.” 


Subjects, as a rule, are cross-indexed in three ways: 

(1) Part, Operation, Make. 

(2) Operation, Part, Make. 

(3) Make, Part, Operation. 

For example: ‘‘Clutch adjusting (Borg & Beck)’’ can be 

found in three ways: 

(1) Clutch (part); adjusting (operation); Borg & Beck(make). 
(2) Adjusting (operation) ; clutch (part); Borg & Beck(make). 
(3) Borg & Beck (make); clutch (part) ; adjusting (operation). 


The Ford is indexed under “Ford,” “Ford truck,” 
“Ford tractor.” ; 


Note: Where there are hyphens between figures, as for example 
865-867, all pages between these pages are included. 
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a Grol WSIS ode noma olen oon 799, 802, ae 
ee a a i RONG On Ie PES 802, 804 

« alignment for racing (Ford)............ 1 
ue and caps: when removing mark them, 799, 801 
ss “ engine bearings, adjusting.......... 944 
G PR DIS UOT Aer rt terete ccc ethe tas ete consis ges 803 
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« & depends upon battery charge. 346 
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: & open-circuit type (Atwater Kent)....... 204 
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G CSV INDOL OL wavcuskake eine ere atte Sable at 

s screw, Meaning or Rewy es LAT aac ta Feld ate Macnee 

sector, meaning of. f 
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td or direct current, meaning of.......... 178, 1075 
Contraction yaneanina of nee einen or anne nen 1075 
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Couple-gear gas-electrie truck. ........5..-..+5-+---s:. yi 
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Cumed pmeainin solar o: ure Veen Ora de cit ot 609 

Current, alternating, transformed into direct........ 242, 339 

directs meaning Ofna) .6. oo. seen 1075, ee 339 
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Grinders, electric bench type.. 
Grid of storage battery, meaning and purpose of.... 529, ee 


Grinding crank shaft, remarks oOn........2..+-+se+s00+ 
g . cylinders, pistons and crank shafts; asa business 818 
z lengineoylindensrc miei t siete yet ee eet 817,921 
“ MD SATE acct © araret ct ak aN ees 770, 56, 57, 1103 
a MAChMG LOL Cy UNG OLA emits alleteie sees cla < a OL 
Ke AT ALOR co maak ice sascha ase (see also ‘Valve grinding”’) 
“« “adjust valve clearance afterwards....... ie 
“« « (Buick Six engine)............:. 71,72, 772 
“ iO  CaBe TYPE. ni ssw ec ees ee nc aha BRT SOIC 772 
“« a (Chevrolet ‘490’’ engine).........-.... 57 
“ valves-on=the-pide@.... 060 see - ge setae ee ene 770 
“ «  « «  « detachable cylinder head. 772, 56 
« O (Onset G ane edouocaen oneguee soem 772 
« GEN OVETD NEA CYDE vavare cise sicters chee ate aie eteiesat 772 
“« “ replace valve caps when through........ 772 
Gs Rie lisse, cos ety Caren aan SOIC Oa Gere RORRORE ee ati Dieeturncno 1037 
GRND, meaning of........ peor annum MuMnesnenD 176, 413, 415 
Groove clearance of piston ring.......+++-++eeseeee eres 828 
Grooves in engine bearings. .........+se sees rece eeeeee 171 
fi HP DISGOMs A aaite weaciemic sia ees eeeeele ea tle 171 
Ground battery connection serves as return path........ 451 
G brush of high-tension magneto; where located.... 261 


w caused by battery box being acid soaked, common. 484 
“« connection from battery to frame; examine often. 449 


« 32 of storage battery, importance of..... 428 
“ connections: importance of good contact....... 451 
« i of generator and battery........--. 412 
“ “ should be filed or scraped bright... rp 
« i mature coils, tests for... ....--- +s sere eens 

“ pare: how to localize (North East)....... 376 
cs « armatures are caused by.....--- ++ +seeenere 501 
« « brushes or field coils, how to localize (N.H.)... 376 
« “ commutator or armature of motor, tests for... 519 
“ a @ WENISHON SD ped oo OO On Cea UN ae 515 


Ground in commutators, cause of..........+s+es5++04> 501 
@ _“ wiring.system of car, testing with test lamp... 484 
i Andicabions Olas. .c.cipnaess vom ee ee ee 453 
ie MOEANIN VOL wena. iatcu elo ene 176, 452, 1076 
ts or earth connection, meaning of................ 1075 
« Feng ond oval IOV Se MeCrpeeene Ree = we MME ny circ ocon ody feckene 412 
: test of armaturerwith meter, wasn ee 489 
“ «© motor-generator armature with test lamp. 497 
iS tests com bmusinyrig erm ae yin sevenie ye). emmenniie 515 
Gh “of generator field, commutator, armature coils 515 
i Bin RoW cabalo vpn ROL eM I ee meen aon tartar ain oes Se ne 452 
Grounded ignition-coil circuit (Remy)............+s--- 209 
e NAbHe RM aNeL ILM, os Game So trons 6 eebC wees. LCG 
Grounding battery and generator...............0+ Sea LAG: 
“f battery, starting motor or generator..... we tie OO) 
a the battery, which terminal............+...- ooo 
s wire to frame or engine: clean off all paint... 473 
Growler; an audible testing device for armatures........ 463 
4 best for testing motor armatures 
& for testing armatures, principle of... . 
Gudgeon-pin,mesmin gvotanence ot eerie 1076 
Gummite, used for Exide battery cases..............+- 
Guusmuithisidiezoriscerew plates as eucaemeie ee cei 
Gav: electric trucks, savin eae ens areas 


EE(hy drogen); meaning Oltanncmnhrsna ne aeaimenrurtses amr s 537 
Lai Gk-Saiws, DOW CR aas, tom mes tess wares van mserepeiebeehs eden soos 694 
Half-and-half solder, meaning of...... we 120, 738, 736 
Bs <ellipibic! Sprinos +, Genet ase ue pit einct outta Pact ie, as pee 11 
“Sinch spark plugs dimensionsiof.e..en ieee acre os ee 680 
«round file, illustration and purpose of.............+ yews 
«speed shartaimeating Of" .0jiialnce «ene ch ens we Bee ne LOTS: 
Hammered typowistOM Tino acy aise re eeralrrte een 826 
Hammers, kinds and wse‘ot... cies nouleed duane eos 695, 696 
Hand air pump for general garage use.............-22.05 622 


“ “ “ “ 


“ initial air pressure for gasoline tank... 112 
« and foot tire air pumps 
MBN CC arses ctehatt cos vai has eaaeta 


“ e  “BlustmMent Ol Wehr fhe asec oe hoes 

x “also termed emergency brake............. 889 
“file, illustration and purpose of....... yates: one State ue (ave 
#)) operated Horiny yn ic,c0 150s a seats Woeiscasel ete ees oie ene wokehone 443 
“eS spark=controlile vier mse csetckasve tie eee ceteereticets 203 
Handles for hand-actuated horns): <5... .<0s 00000086 ens = 443 
Hard: solder, composediol. aspistaamee sancinvescrers anecets 720, 721 
a i" SIMO AMIN Oke ceyerv cheer ceaaVeeteta w e areca eee eee 21 

« soldering or brazing, meaning of............. 720,721 
“starting due to ignition coil vibrator adjustment... 223 
Hardening brass, bronze or copper, process of........... 724 
at ateel, process Ol. ian adddan ate ee eee 724 
Harley Davidsonimotorcycles a. .2,. 6 2 «<1 ss «sie sists vee se 1012 
e o < OM MING 5, hfs ain wctoatanr ee cee 1009 
Harrison radiators, cic, «srclse sis: o'stsrs 10) 40) « Se irwitieteier sore ncaa 148 
Hartford electrierbnalcemcrntgitcy eo elietesuclaiersiscnss susturtates 895 
Haynes front-end drive system.........e6eeeeeeeeeeees 75 
OL arx-cylinderenoimerns.) cs «01. uabes misters ciete aster 80 
Hi. [Cy 8:-Delcolelectricallicineutta:, ... jes sei siee cies ee 401 
ig gear shift, and engine firing order.............. 639 
Headlamp adjustment (Studebaker)........... 5 Sarstesetee 435 
ah anti-glare lomses).... sieves sieesteteremues Re sigceta rene ters 437 
a checking adjustment of...........-0+e0s 439, 440 
e connected: Hows. ..cteisseutetamuateraeieaoete ors atenesese 431 
“ diameter of, used on passenger cars.... 1066, 1067 
“« Cobhocbauubel:snover) sin) cckeeeantnrer tere taa tre we 439, 440 
« door, TEMOvINe. ¢ hes ace ste ee eS eerie 435 
a FO GUSTIN « sue susrfariarel fot ich al: alse toda Raw 434, 435, 438 
ut glare, methods for reducing. ..........-+.«-+ 437 
us Height om TOmG 28 arcavescg aasvg odin aire area san el 438 
th MOMEGLOL cadres Voie Mone eno ere (see ‘Reflector’’) 
S «methods of tilting. . 2... «<0 e « 435, 436 
ti used on passenger Cars. .....-.-+.-+0e 1066, 1067 
Headlight adjustment, light on road depends upon...... 434 
Heald cylinder grinding machine 819 
Heat prool painter ects sae saute atreerls 647 
Heat treatmentiok steel. ...10 sm. cneiestseies 50 ts 
BO UMHS PMSA ITB Ola cnstsssxsvirelle. «.cterersteveners 1076 
Heating car, methods of... wc... «nee vee , 156 
“ carburetor mixture: old cars........... . 1038, 1039 
Ze cold engine rapidly (radiator shutter).......... 149 
i LAVAGE DW AVEATI. oite carnatlediolesuhlens wmraseets 667, 670 
eS inletanoanitold ir. 49, 105, 106, 107, 108, 109, 917 
s kerosene: tractor engine carburetion 987, 988, 989, 990 

SS Jong inlet pips acest eee aie ccm temo seres te css 103 
4 methods of gasoline for carburetion, reasons for 103, 105 
4 of carburetor, i£ too much... a... scseer es eee n 106 
a “ engine, excessive, Causes Of............+ 152,121 
f the air and mixture of carburetor.........- 105, 109 
bs 4S drawniinbo Carburetors cesses ters 105, 106 
« “ expansion of, and result............ 108, 106 
“ carburetor mixture....... 106,107, 108, 109, 140 
? “ priming mixture (carburetion) electrically... 107 
CS SOC erin PACOMMEN OL ALONE peat myed tien ister ss te el 719 
Heavy spOd1ed Osis. yee dmiele «eisai Se OC ee 165 
«— ‘car, typical example of.) .....5...5-06 pee aster eaters 14 
« duty truck, meaning of....... sc Rseie EAT ROU IBLE ones a 912 
Heel contact of gear teeth, meaning of............. 870,874 
Hetmhtroflighbiomtne oad . ten aeiols el. isis ase AeA Nee 438 
Helical gear front-end drive for engine....... ae cee 75 
: “ popular type for cam-shaft drive..........- 52 
“~ gears, what madeof .=. .siowcsc ss een Be Ae or ee, 


1186 
TEC) SEO RON Ata on co MNO UUAGb + Sba0 doom AeuldooL6 1076 
ESMonispiraligearmce wis er eer iether eiee of 
G & &* tooth bevel cearstewempr iterate cl 17 
Helix or solenoid, meaning of..-.......-..-2+4- 181, 1076 
« e & polarity Of scr scase emcee suse oes ls tie a6 182 
Helle-Shaw clutch, 2s. -- es... Sooagasnarance 6. odwes 6 22 
Hexagon head cap screw, illustration of................ 706 
ms nutsillustrationm of mareetset cease etaeeie es oe 706 


High-amperage discharge test of battery... 534,552, 553, 554 
A ¢ é tester, how to make....... 554, 555 


© Tand-low-eravity, Gasol. vase. e. «ees eee ae 103, 105 
. «~ « tension ignition coil windings, symbol of... 412 
“ u e Sy Mimeamime Often ccace <= 186 
a eG “  magnetos, illustrations of......... 283 
‘¢  earbon or hard steel, meaning of ..................- 746 
Cmailamemabes meanineiOlar avis ak dementias o 6. = 103 
« frequency magneto, meaning of..............-... 248 
S WLCAT Meaning OL sere ts ceed eM cise Sees kel Gees 1076 
ior direct drive, meaning Ofj..2.. snes. 4.4 O29 
“ gravity of battery, causes and remedy of.......... 558 
“ mica before cutting, appearance of, meaning of..... 492 
“ pressure lubrication system (Alemite)............. 174 
“ rate discharge test of battery, purpose of...... 534, 552 
“ segments in commutator, cause of................ 493 
« tension and low tension, meaning of.............. 186 
“ « _eircuit armature type magneto............ 273 
é @ sae (Dixd ema ene) mete se lett einen: 273 
S 4 coilusing magnetic vibrator. ....-...4.+-- 189 
y - “ voltage and amperage of secondary winding 18 
‘J &>coilssnon=vibrator types >. smeue+ ose 196, 197 
ie ©) distributor (Atwater Kent). .....2+..42- 5 202 
e y o) (CDS CO) Pr anaemic aioe 214-219 
. i @ GRIST IA Eaey ree yt ieee OL Bae 
@ 8 (3 on low-tension magneto........ 244 
¢ : 5 PUFDOSEIOhA. eeayeee ake ete 245 
2 “ignition coil (Boseh dual).............- 267, 268 
é : 5 <(D elo) Me. te nee ee tee, See 213 
f 4 i SS (ROI: Suepasetery 50s sare sia 209, 228 
< : 4 “ non-vibrating closed 

CIRCUL GEE 205, 207, 197, 213 
C ‘ 3 So principle ofeavarne asic aerues atts =. 190 
- z & “ size wireand number ofturns 240, 188 
* é G “ tester; home made............ 230 
i e “is the approved system now in use... 186 
e : “ system, closed circuit (Connecticut). 198 
a ¢ 4 bs non-vib. coil, closed circuit.. 197 
Ed ‘ “ using low tension magneto..... 244-252 
a é “ vibrator coil, construction of ....... 188 
& SETOD ONELO AlOWEhetsta chap oe sn ee acneeeoen Seer elie 262 
cs ATMA CUT WAT In Sys eel en ieee 256 
Si o SSACONSUFUCHLOM OLE eterna ete 258 
. q * ignition, advantage Of..........-. 262 
i a SVSUCMISE Neth bea Groene suas 262 
is e “principle, construction, type...... 256 
PeRCenSIOMVIMAP ETO) RWwinclingyofinc. cis qurasl erent 257 
« ban sn camingy Offer ig entity an tatinioesies Sam de 188 
be “or voltage, why induced in secondary winding 189 
Ms See VSALSty OAD deur can irardolieome aus Poa oe 198, 261 
2 « vibrator coil using a commutator 194, 192, 190, 188 
voltage test lata iat w tems cai. aeccues aide cs. 463 
us oe withefuses am<cincuiteeer mes. unre 463 
i Sek a Soy WithO Ube hus ese nl ten ies Pees use ns 463 
Hal climabinp spomters) Only sae eet nee aur rte 633 
9 in with retarded spark, engine becomes warmer 152 
Hit-and-miss governor on stationary engine....... 1004, 1005 
EMC electrical meamine of 1 .,...4seene. ou edec as oan mae 413 
EIGOM( Water) AMeAMin vols «eee an mane eie alk > hans cee 536 
H2SOa (Sulphuric acid), meaning of.................... 536 
Hoistiandidump) body, struck...0..s...seeeeaeeu ess ene. 951 
EE OLSUS Peay sate ees she senses Manat Stan OLR 674, 675 
Peechain type; tormrepairishopmdn mene reeiaieenn 694 
“engine /stands, and axle stands......:....:....... 673 
Frollevacarburetor (Hord)s.smaeese oes. pase eee. 1130, 1131 
“vaporizer, tractor engine use................... 988 
Holophane, anti-glare lens; deflecting type.............. 437 
Home garage foriome machine.......1..0..c4)s.noeonee 689 
MME ACL ONCATCWASIWERSI elt atre-aceaeles Gl he chi ene Cae 645 
(s “ carbon high-amperage-discharge tester. ..... 555 
@ Pach ainihoistandernariee.y ane innen ane: «ane nene 675 

us © laa eather eteiakale is o oraao ebipo oe hoa euien 56' 
“ © ‘devices for repairing. ........:.4.c.. 1035-1040 
ue pemelectrical test stancdien an mare ae einen ae 475 
is “ engine bearing running-in machine, 789 
a ig ME ClOADICT Wor WinRAR DAR At eae Lee 760 
« Cy CH Shtwatel EXC MMERMEM VEY, 6 non oo spo nasa nr o 675 
(3 Se cas-blowstorohy.is. saat deca ivua he meen 719 
G * magneto armature tester, .......:.-....... 315 
G G eee Caster epee Ne ulalee e et e ay 315 
« “~ methods of driving generator for testing... . 476 
« “ resistance high-amperage discharge tester 6db, 547 
us “ spraying outfit for painting radiator........ 739 
& “steam generator for battery work.......... 583 
“ “tester for ignition coil and condenser.... . 230 
“ pea UO WIT) CULTIUAC ceeds ee ont PN eirint ee air fa eee 676 
Eloney. comb type Ladia tora \ ene an ae msmceh ese cans scanty 
Hood cover and radiator cover, purpose of............. 150 
Eoolonulen purpose Ofaneac mene koh ntaate a ee 704 
Hornveirouit,troublesiotnjasamaehas de seeiaes. v on. dee 451 
‘ Fe usually connected to one side of ammeter... 451 


taken from ammeter, how to trace.. 451 


“ electric failure to operate; causes.... 
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Horn, electric, testing of.........-.-+++++-+sssseee Rach CEE 

CG a eset a hance boon on dousermoE Nog eDosD 729 

é mechanical, silenemngiol q epee etete ered taienaito tens 1037 

« “tests with Metere aes ene ee rae na ercrn ten araie 485 

Horns: ..5 a0 2 cee ieee (see ‘‘Electric horns’’) 

Horsepower, calculated: ........---2-++-+-+ssseseees: 1044 

@ COMpUtIDe Of. ae es eo ee enone 1042 

G electrical bows bovtimdls wae erent ereieter 176 

be $s INEAMINEVOlwi..eieres een ee eRe 176 

« equals: 746iwattsee aepeete ee cierto cer ee 432 

& estimated, v5 <eca tae oh oe ee age 1044 

fOrMUls wis oes oe Ee eee 1042, 1044 

% French, meaning ofa. see eee 1043 

4 how: measunedsn. soe a ee eee eae ere 1044 

‘3 MEANING OL seas oars See ee ere reee ener ele 1043 

& prony-brake test: ../: gener creme erteten > aie ons 1045 

Horseshoe type of permanent magnet........--.--.-.+% 179 

Hose clamps for radiator, hose... 1.2 terse eee ee ee 681 

& ‘eonnections on radiatorssee eres sete eines = ee 151 

“ for wash rack and flexible base nozzle............. 645 

iad (20: <a er ee ef mss Mee ee AGH ASE HCN 151 

« rubber, for radiators, Cte. s.cn peo erro 681 

Hot-air method of heating aricars. ete eer ernaieneieas 156 

Hotechkags drive method ay aiorscc oo tebetoet te ott terete 7 

Hot-spot. manifold, meaning Of @ 3 .e sem eee ee el 49 

& method of heating inlet manifold.......... 106, 107 

Hot tube ignition: the original ignition method.......... 186 

“ water and exhaust heated intake manifolds..... 107, 109 

e « heating of carburetion mixture.......... 107, 108 

a “ method of heating car 156 
Hound rods’ (hig. %). aaNet ae oe eo ie eee nate 


16 
How to (see ‘‘Principles,’’ ‘‘Testing,” ‘‘Adjusting,”’ ‘‘Troubles’’) 
“How to Run a Lathe” and ‘First-Year Lathe Work”... 693 
1. P:; electrical meaning<of= 2 ai. aor sent eres rere 
Hub: caps, tightening of.) 0; ade wena eee 
Hudsonvand Hssex pistoniring:- maine eee ee 
© » auxiliary vacuumy pumipsaeie ote era seteete mie 
carburetor, adjustment of...........--.--- 


g sluteb oil, ee ioe see Sere 
bs Delco electrical system (model ‘‘O”’).... 
« « «“ «2 SLOG pee eee 
x S. TgNiLION PEM Ines pee cea ee eee 
° electric system, how driven...........-..s+ss0s 
be engine firing order (model ‘‘O”’)................ 637 
= “0 Jubricationys (a6 one <0e oeene 
2 «“ main bearings, number used............. 
2 “5 valve fini ae 5h ease & Coe eee eee 
= gear-shift movement (model ‘‘O”’).............. 
: lubricated multiple-disk cork-insert clutch....... 852 
- oil-supply control mechanism.................5 163 
S tadiator damperorishutter; ete ae eee 149 
as valve clearance adjustment. >..............-..4. 58 
s water pump, how drivenas 4s eae oe oes 336 
Hundredth part of an inch, how expressed in fractions... 701 
Hundredths of an inch to sixty-fourths............. 68, 1048 
Hunting link of silent chain, purpose of................ 730 
Hupmobile engine valve timing. .................... 74, 75 
© firing order: .J..5.G.00e oe hee eee 639 
se front: endidriveisystem oyeaneee eee eee GS) 
8 gearshift imovementss ea. soe ene 639 
specifications ofa..os asec en eee eee ee 639 
> valve-clearance adjustment................+. 58 
Eharrying. battery, Chargers 9 ever een ten i aoa 575 
Hydranlicanalogy, meaning ofa. ee ee aa 1076 
= =“ of connecting cells of battery........ Te 
bs “ electrical system of a car......... 331 
. LS ‘electricity; foan ee ee eon eee 175 
a brakes«(Duesenberg)j: sfa.-eos ee 885, 1069 
= governor for carburetor eases eee eee 100 
« aa Drinciplers..s.., ose ee Le ee 100 
s hoist: for truck.c.s,qac nee eee 951 
Ls MMEATUNG-OL sic" ntat as Me ee ee 1076 
e Speedometer principles tease a ee 446 
Hydro-carbon engine meaning oh, cee nee 1076 
Hydrometer readings after adding water, of no value. 531 
syringe for testing specific gravity...... 531, 529 
$ best Of Sasoline !.. a ao eee ee ee eee 03 
“© non-freezing solutions.............. 154 
. tests of storage battery for locating troubles. 559 
used during time battery is on charge..?.... 566 
] 
T-beaim) mea ning sols moseiner tees eee eee TAT 
I-head cylinder engine, timing valves............_.. 4 66 
S type cylinder ymeaning ohn eis nen nnn ena 47 
or lG.; electricalimeanin sot i asi ines 413 
dC) meanin a Of aa oe ance et eee nen . 66 
Idler for adjusting slack in silent chains.............. it 75 
, gear (reverse) of transmission, PASO ADI, sna cys oie 860 
=) BEATS ECMO VINK. For aiekaue\orakews cds Seeker ee are 860 
Idling of engine, meaning of,................. 99, 122, 1076 
Igniter, make-and-break, principle of............. ed 18 
Ms CNT Noi En bo oo ao noe Ac Suma dbo aboco unin gOS 
wipe spark, principleloten enews inn anne 187 


Ignition, adjusting (Atwater Kent) 203, 204, 206, 303, 306, 424 
Connecticut)... 198, 200, 303, 306, 418, 419 


i ‘ Delco) epee ae 216-221, 229, 391, 306 
A Z (Kord);, Beers n noe 222, 1110-1118, 1126 


(magneto)... 257, 261, 264, 265, 266, 270, 
273, 274, 279, 280, 295-306; 
308-316 


IDS Ge navosn oc) sane sueohedonupaeeO 221 


il \ 1) 5 - r 1 
GENERAL INDEX 1187 
Ignition, adjusting (North East)... 208, 204, 206, 303, 306, 424 Ignition, double system (Delco) .............- - 3, DANS 
: (Remy).... 208, 211, 212, 228, 302, 306, 229 dual, double, two-spark magneto systems 263, 264, 265 
advance and retard, meaning Gis ee eee ee 301 @ a systems (Bosch) ijuar mentees cas 267, 268, 269 
a) Nie _ MSMR 3 oo haa eaortc yee ong onanS 305 “fails, feel the coil for heat with switch on....... 206 
“air temperature raised (Diesel engine).......... 1005 uy «<< euddenly. asin metre CNR Omen ot 309 
«applied to a gasoline engine, how.............. 34 K) ioritractoriengine (XK. Wa)tiencs seer nee 985 
. (twarer cent) for Mord ewes se eies cise 2 ei: 1138 a «trucksam ponerall wenetyn carcino ke 911 
. automatic advance of spark. = «qe ss 202, 212, 208, 388 & (Ford engime))ia oan thks ssatticietetes aster tren esis ete 1110 
. ee uUTpOselot le... 203 £ (ordimagneto) mae serene eee iii ila 
“and manual advance, purpose of.. 203, 204 u (Fordson tractor) n.002) 2... ee an ee Oo 904 
a (Bosch) vibrating duplex system.............-.. 267 ae (Franklin models “9A”? and “91B’’),).......-..- 423 
Z (Cla TVA Go Go doc gndooUe AoGoomEano Gan . high- tension magneto, advantage of............ 262 
oi circuit divided into parts...... s ISAM PIO ees tree ase eles 186 
a foie (RU OTC) Josey cnavererstetnsvetewmetev crete ovete neler -1e us is Ci Salle COND, A Ano asia dem boceuonn’s 188 
g Same estime witha mMevereertemmenecte isc , how obtained if battery disconnected........... 366 
# “ usually connects to one side of ammeter. . 451 f (hudson-Delco) Bean cee ee ee 391, 397 
circuits, where to start tracing..... 415, 450, 332, 334 INAErWEtIONS (Delco) ene ne etaetr es ee be nee 
Ee coil adjustments (K. W.-Ford)............ 222, 223 interrupter, distributor (Remy coil, battery). . 
¢ and condenser home-made testing devices... 230 points, importance of quick 
= is test suggestions..... 230, 297, 231 OPEMINGIOL mMeneee een nines 
B “ box and cylindrical type, meaning of... 204, 205 é « POtANGed Woes otek. otc eaters cca ener 
e “ color of spark when testing................ Zot is interrupters, open and closed- circuit UNMoerco oho 0 
gs “connected wrong, effectof...-.........%.. & UMD Ispankqmea mine iOl smear eew ces aie eelet-tet- ees 
al = Veylindrical typee sci...) -e ¢ knock, meaning and cause of............... 
ic “ defective, indications of is (Lafayette-Delco) Dr iciceo RCRA Ours Cuno once ree 
a 2 (DWC) a0 seca daosnb code clon. cea aomD « lar ol erate latearamte tere oni tl svetemineuaau a has 196 
i & first high-tensioms..... 4.6 06s. 0% ig (Mabertycengine) seveerncetseene ereeehere 1149, 1151 
LS “ high- tension, how constructed i light, horn circuit from one side of ammeter..... 451 
“ Sg PEMICT POOL aye onto ee ioke ousie eis 1 e (iincoln-Delco)evecnerc nee teetotore cote sas ae 219, 399 
cs “ if poor grade loses erieney when hot...... 235 i low TENSION, MO WP USCA meaeere ence ties lee te 244 
is ES lowatenSion,;principlelot. seine s seas siete stele 184 is i magneto and magnetic plug........ 255 
a  TMmarksvon, NOW Vary. co) co klstcwe 4 os tie ee as 209 Gs “« “« a high-tension coil...... 244-252 
f Ee PIMASECT: WLOLALOL GYMS eras c.cttts ais esis aueis ess 'e) > 194 is ii i G oscillating type........... 255 
& “ multiple cylinder vibrator type........ 192,193 oo & & Meaning Osa weee nee s sees ee 186 
a Me NMGP te LA Sb seb naeeets cise a eualeleta tele Ary che 371, 226 i magneto, Gistributorwers one eee eee 244, 245 
is “ non-vibrating type i Dixie) principle ysesmee crete 201272) 
196, 205, 202, 209, 212, 213, 223, au i os (G. M. C. and Autocar truck engine) 917, 924 
S “ opening, closing of primary circuit, why... g a how /cubion nari Gamma wme eo Be ae 262 
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of the road and pointers on/driving, «...4...:..-. 653 
i ie OO TOTS IIMs C3500. actad econ Kn OF y 
ue as oe CO MM VIETITG IOS Meu crenata nse steer e case. uated sents 
Rumpler, type of engine used I0)...c. .. aot cee tee eens s 
Running POGE AN OMENS «tree satcauee devas anole avast nk hea aT aoae-s 
«(Ford racing car). 
f (TORRES cower aoo-oaoo 
G “« “~ overhauling of 
we or service brake (now termed foot brake)...12, 884 
Running-in bearings on drill press (Ford)............... 1137 
boring and reaming engine main bearings. . 789 
@ « reaming, burning-in engine bearings. . URE 
i brushes on motor generator (Dodge-N.E.).... 373 
i Gris (NW Doo Sacdoe ea pon ome ood 632 
& engine after fitting pistons and rings........ 833 
fe é* itasiovierhauledy cc. +s «nae cuss 789 
ee (CH OLG) em cen at ses eters ccha enters aus aisun avers iene s. sre 1102 
ra SMMC eater ucgine Sie cacehece nia green 3 See ee 633 
Gi machine; for engine bearings, home-made. 789 
3 main and connecting-rod bearings,......... 788 
a [OSSLOUIGT he were nie Ore aah es eee mat it apse us SRT 5 813 
Rushmore generator thermal ee coil) regulation... 356 
Rusting a small leak ta Gy ler’. .ps. cues etejers ocsie ein Soers 9m vi 723 
Ss 
Semelectrical meanin g.Ob.sy wy ergeisia hele! erecta) oe le oo piee se 413 
ee or Sec., electrical TTe CeCe U0 OW 2109 Tne My. Ree A murs Fs iro REE 413 
S. (Sulphur), DMSATITP Olga peer reas omeere es com evauass Doi 
S-wrench, illustration of... 2.0.2.0. 02. nets seen teens 696 
S. A. E. air pressure and wheel load for tires............ 593 
& and U, SiS. bolt and CapiSCreOWSs oc scew- sass 706 
dl a & PE SB erat oh isae eslcpeetaney oie ce eexer Meee e att 710 
“ Gs & threads used most........... ; 707 
“« G is WITH CHOS rere Cheeta a rarucy tea buenas 696 
nS bolt and S. A. E. capscrew, difference between... 706 
ue capscrew and bolt sizes.........-+-++-++2+++0- 697 
“ ~ garbody nomenclature. ..........+eeeeeee sess 5 
a carburetor flanges, sizes Of..........++++++ 
« — gylinders, oversize... .. 202. s eee reer eee eees 
3 designation ofinterrupter Of B MALNCLO 6.0 reverses 
« BQ Tyannah VAN On ome Aone eae ood 


& designations for types of engine crank cases. 
ie distinction between the three types of axles. 


a flared tubing fitting and couplings............. 
# horsepower OB ATUU Edy dla tien do COTES OOS PR BOON 
“ iid DL wiete -cxsceiene arate cegsare tana actionual ais ess 
G location of numbers on cars and engine......... 
(i MECN AO shou actus oboe oe ge ona aera dbarer 
Gs nuts and capscrews, ize Sener WO) USE) ieee sel cone 
Gs iston clearance, remarks on. .;..-..++++++++++ 
Aaa: ring groove depth and width.... 
« spark plug, dimensions of...........-. 3 
G GG GINAIMEIEASS oh aoe ane lec sont eae 
« at thread tap (cuts 18 toinch)........ 697 
cs « plugs, sizes of and meaning..,........ 
& aadard capscrew and bolt throna: illustration. . 706 
“« Gs dimensions of storage battery Borat chefers 524 
@ a four-speed truck gearshift............ 912 
“« “ OAT SMUG ete et clei nle eerel 27, 29,912 
& us location of car numbers and weights. . .1051 
“« « oversize CyliM@ers sui) seek = ole cies 815 
« “« three-speed gearshift.............- 27; 29 
« a three-speed gear shift for light trucks. . 912 
iB threads, table of.....- io eee 709,707 
iDieelanaceyancVON), sonuc nooo osu ooo Dao 
pa ee ae high-tension coilignition, purpose 198, 308 
« “« «  & jgnition, usually set about i5"..-... 198 
“ “« « magneto, purpose OLR ee 308, 261 
B ah « onignition coil, meaning and parpese:s of 198 
“« “« « shunted across secondary coil circuit.. 199 
i a « gimilar to safety valve.........-+++-: 198 
$s (3 « used on high-tension coilignition....198, 199 
Sales and Boece ee Pe Lak ae oe 
STEM ae, dhe otonheastents Dm. Oa mea Tee ae 
Soeur mat ani ¢hree-quarter floating, ae . 870 
S. and N. Le of amagnet. ... 2-1-2 sere crete etree .. 179 
Sand blister on tire, TEPAITING. .. 6... eee eee eee eee eee “0 
« -)plisters on tire treads, cause (6 ac oc Re Ape eeae oe 


Sanding commutator......--- Afra Ser Cea cay cee LAER 
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Sanding generator and motor brushes............... 480, 494 
Day metal how, LOLUse ana ep mnenens te nmin re mien 723 
& Sstand, homemade... sate anaes canes rae 1036 
Saybolt viscosimeter for testing oil.................... 166 
S. C. electric lamp base (single contaét)................ 13.4. 
Scale; how to clean from radiator (internally)........ 740, 151 
« of Weston ammeter and voltmeter for cadmium tests 548 
C a a model onvoltmmetelne ee nent anne 546 
« on volt-ammeter (Weston 280).................. 464 
Schebler carburetor fidathercht wave se ee me eee 123 
kerosene. and gasolame. sake eee 987 
A @ (model “L”’), adjustment of........ 125 
i iG (model ““R”’), adjustment of........ 124 
i“ G itmotorey cles esas eee sine an ee 1014 
a @ plain tube, adjustment of... Bnei prem cea) 
« Ms SU CVX, o colo gec san aann sas 109 

e “ (models ‘‘L” and “‘T”’), principle of 
Sradencuanetene rear enti eters: crausmetetrisancece bese. = 101, 102 
Schraderimner-tubenyalive meric) citi ct neete eter 591 
is tire air-pressure EU o como Go proaes tie ope bn 626 
Scoredicrankshatabearing pine yee en einer te 791 
> cylinderjand piston, meaningotss....0..5..6 167 
ie & CAUISOIOL rt terres chemist came etetnnsc ts cenes 814 


“ “« 
cylinders, pistons, and burned bearings. . 
La im caning tolerate te eae em tarantino 
“ or worn cylinders, troubles they cause. . . 

ESP piston, treatimemtiolernrneimata tats 


Scouring out circulation system of radiator............. 
Scraping and spotting-in engine main bearing........ 

(GNA een WOM wo on napbodneae sock Ano 0e eta 

Screw and half-nut steering device............000ceeeee 

& Ditch Saude PULPOSEIOL criti asieieneteten eis cciet rants 

Ge platecorncumsimmitlasicichm weyers: arses ce cere cts 

ie set(Buttertield INjor202)) "ni. noneae eee 


“« “ “ 


designed for Ford work 


z « % meaning of 


aps, kate Solera ares : 
Berewarivers fOr SOP Woe... ic case aioe «dls scieetesbeue. 4-7 elena 
Screws; how to insert into inaccessible places........... 716 
© MULS MAG Okt sy LMC si Ole manera cracker eeatenca rian: 706 
Seribers purnposeiOleg ewes eres shals Creteuteton eerie ere 704 
Scripps-Booth carburetor adjustment............... 134, 135 
SpAUOl Ue; SUzClOL Fert wie lecetele et weiet| et terye 236 
Seaslevel,ameanina Ob meena nee pen ate erie ce 116 


Sealing compound, applying to battery cover (Exide).... 589 

Seatinetbrashes weet ae seeunetelersteustersreremate antec: 494 
« ~ flexible arm brush (Delco). . 

Seats, bucket type, for racing cars 


GST IM CATUIN GE Olmyecstuamtenen-. oe ance eet eitaeien beter eenee 
Second cut file, illustration and purpose of.............. Gly 
« hand automobile, how to test.................. 641 
Ci B car; tesuime’ dniversialt ampere seis m 642 
i Gs @ universal joimbere acme totes 642 
5 Speed wmeaning OL Mang te eer trte siya ere 9,29 


Secondary and primary circuit Delco ignition coils... .213, 214 
winding of high-tension magneto, 257 


a one MUCATIMO" Ole ae mete ee nattn h cnet 1078 
é cable, purpose and description of......... 240,425 
S Celle meamingoliy .cimuceieeate cits recs 539, 178, 179 
us « (storage battery cell)...2.5...-..0.0«.0s 178 
« circuit for fuelizer spark plug...............- 421 
# Cs high- tension ignition non-vibrator coil.. 196 
a ue e vibrator coil...... 188 
“« « of high-tension magneto....... 256, 260, 279 
Cs ¢ is ignition coil, testing... 5. 7. 226, 229, 230 
“« us a « tracing for trouble..... 209 
“« « es a “ voltage, amperage..... 188 
« & “ vibrator-coil ignition’ system... .192, 1126 
“ «test of igmitiom coils... 4. .4+s ene: 230,231 
a “) yibrator-eoll ignition... eee tes dele 193 
@ coil (also termed transformer), jump-spark col 188 
“« GRMOCATIN OG OLaa cq eet ote meee ten 188 Oe 
ts distributor of magneto............-.+.--++- 
ie primary winding of ignition coil; size, turns. 540 
cs winding of high-tension coil................. 188 
u Ui “ignition coil, testing (N.E.) 227 
« rd “ magneto armature, test of. 313, 314, Slo 
C ts punctured, cause of ignition mission. , 223 
i O test of ignition coil.............. 228, 230 
Seconds, inches, feet, degrees, minutes, symbolsof..... 
ch TASCAM ME OWe-.) esaiceas sceareeaie, aerate Vase eee eeras ar seer 
e minutes and degrees, meaning of............-- 
« “ feet, inches, symbols of...........+.++ 
Sectional or cavity molds for repairing tire casings. 
a repairs on casing; prices to charge........ 
« SCAN VAL CAMIZER is «sis eeel naan svete eheneens 
Sed amit nccqey teas meth ateaaccpencecses sav eiaiseauehehe easceustaneies¢ iace's' 
edam=lamGaiwletemateam acne cucriesiecreiy eye crerekamt stoner nets 
Sediment in battery, how toclean................--.-- 
ai of storage battery, meaning and cause of. . 
SEB electrical’meaning’ot. .)..0.,..en ee soe ee cae 
Segments of generator commutator, meaning and pur- 
DOSE Olesen eee cat ersten eee eereh me neeesoi eee cit os 0 
Selze mien iM COL enmmmte Diane densi ee cis ks olen aieun anus tet 1078 
Seized piston, meaning of, remedy for............... 167, 814 
Selecting aicommiercialiGam, «).. sare as sere er serie cro eel 640 
i “NeW Car, POIMLETS|ON sa... rele ese ier 640 
Selective fit of piston DUNS MLS AMIN SOL eee eset rne ee oie 797 
Komoriein an ksi@ileer. ecg seeeae eat econ tener tae 823 
ie LE to oylindersmenning Olin wy. uec 812 
“ gear type transmission............- 25, 26, 27, 28, 29 
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Selectors of gear shifts...........0.0e0ees ..sseeees.27,29 shifting gears when starting, pointers on........ Rauer ad bat 
Self-induced e.m.f., meaning of........ gittttesees +: 184, 185 aes Paap ty eee Pig Tr eas 733, 36 
« __« voltage in alow-tension coil..... sonoces eee «"s,ow placed in connecting-rod bearing... 799, 783, 944 
pp ca Hom, Mesnine Cl Raia Ye erent “fae GY ee « « “used to adjust engine bearings...... 783, 799, 944 
: a a TURE EY oF ew can ool Ince ae See ae ae tmobile. + :c7 a2) act ene ee 649 
« starter for engine, first method used............... 317 Shipping ie ae * Aenea GT 0 eee il 
G GIOIME Ale As aoa O OR He COUGH Ocwcbios FUN die0 6 abs Ob tas 317 Shock absorl ers GEL PANS = > 799 
Salling PAT TETeL Late coh eth ne Nes lee le eco se tei 682 ae Leos too ee eld amg Ree tee * 665 
pes gant xeric jeri iom svete, GLORY 7 oe seas Tate a8 Ae we ee electrical revair work, layoutfor.............. 580 
cara erate PUP PP ETSI Seika aie 102 867 BG aes. battery work, layoutiof.2..--- eee tone 
“ filav shave GP ERISCL AHL STIR ERAT. «a « GRR, ADO a Lights 25,0 cee megan i eee eee fa Serapcec Nk 8 
poet Booting Gi fined TAD Rony ales i ae eee oe oo Short sad long shunt connection (compound windings)... 355 
4 « as Bae AGRI ECRON nan osuweaonans "363 “circuit and ground of generator........... 498, 501, 514 
‘ & “ « (Franklin) Ac ie a ne 882 a @ “ open circuit indications of generator.... 455 
“ “ «4 Snaslont ERGO PERE S63 16 a * at spark-plug gap (magneto ignition). ore 208 
: é RCA re ie EO ae oe ; “ ee OT are AGS SNA 
foeolive eos rs BOTA EE Westen es 98)" See « « in armature may exist from three causes... . ee 
Separate high-tension distributor heads... - +... 217 =“ starting motor armature coils (Ford)..... 519 
Separators for storage battery; how Ue noe Magee ga oe H aon ae , eos 476, me 
e 2 - 4 where placed......... 38, 042 ea ne OF ie pecte eet esess 
: a of battery clogged, cause ed remedy of...... 55S « : of a battery, pees, Natu Ofs evens ee 
« « _« "in wrong, cause and remedy of..... 558 o test of field coils, “e ts a Cet Atanas a OO oe 
«“ th O  -RRPRIDEREWSE, poocsaoosneeon 528, 588, 543 eet pee, AN zB Me poate ea aA oer 
«“ « “ rotted; causes and remedy Ob me & ‘ : cae = SMI OSD OSS 
Series andshunt field windings for motor generators. .... 345 5 PS wiring sere of ee with testlamp..... Fie 
“ connection, meaning of.......... 177, 525, 526, 538, vee « circuited nivgea coils, tests for. a ae. ae aes eee 
« « i Meld cows, sysmpolOlaan sae ees eee 1 Ms aot eee US pC SOMO SEIS Arenson. coy dio 
a @ * Hoomige bALIeey (eyelash een dienes 538 | ‘circuiting, meaningol sc tee ee ps 
“ connections of battery cells.............. 177, 525, 538 Shunt-connection field coils, symbolof................ 5 ary 
“« field winding, used principally on starting motors. . an : field circuit ue eee ss iN ea wee eat 
Ba eee Oe aa ek RON Bas f « _« Remy 8rd brush, thermostat generator 362 
“motor possesses great starting power............. 338 es “ fuse, purpose andimportance of......... 430, Py 
« multiple connections of battery cells.......... 177, 526 © “generator 8rd brush regulation (Remy) eae 
« parallel and multiple connections of cells.......... 177 bs “regulation (electromagnetic)... .. 347, 348, 350, 414 
Gs “SS connections of battery cells... 9.0.6 sie 177 £ « winding; a bypath for armature current...... 501 
i « — field winding of starting motor........... 326 ' 5 : battery test of generator........... 491 
« wound generator when used asa motor......... ,. 338 s . . determines polarity of poles..... 345, 355 
ee ie SCHL MOCO ewe iri seiels altel mieten oe 326, 327 « i of generator, diagram of........ 345, 341 
Service car, how to make...........0+. 00s. cee cece es 677 fe s principle used on most generators... 341 
& e towing trucks, wrecking cranes, etc...... 676, 677 @ * = 10 per cent current passes through. . 345 
PEE LATIND fH POLLADIC wr atten eee ene men ethic cisnrin os wo on 1038 € seg Ss wire smaller than series field....... 508 
« ~ orrunning brake (now termed foot brake)....... 12 > INGANINGIOL. hice e aes cee ae ee ee 1078 
“ station or repair shop, and its equipment........ 691 “ or voltage winding of cut-out, purpose of. .332, 333, 341 
Set screws, studs, and taper pins......... seiaigonn SUD 706, 707 « wound generator; if wrongly connected to battery’ 365 
Setting brushes on generator for least sparking.......... 363 : principle of....... Wea BIS el cAp Gd 341 
@ ts Ceoneratonsn (enw) cies cn ie es anise 363 is « “ simpli.ied explanation of....... 341 
ci 5 KT SUAT CIM PMO COs series ele el ceisler atte e 329,496 & : = when used as a motor.......... 338 
ef UE OLINGIple Ole pari oe hake ee eis 359 ® “motor; seldom used for auto work......... 338 
i Seam: gear, inlet and exhausts... ..s.0+0.4) olla. 65 Shunts, capacity to use with ammeter.................. 466 
“ cam shaft gear (Autocar truck engine).......... 924 “for ammeters, internal and external............ 466 
« generator brushes............ 494, 496, 359, 375, 407 “ meaning, purpose of, in connection with ammeter 465 
« interrupter advanced or retarded............... 801 “ “not used with voltmeters... 5.) ..0.008 Seen 467 
“magneto 298 Shut-off cocks........ ey pig MleSoae 
“ & 254 i #22) of gasoline tan ee. een en. ee eee Lala 


274 Shutter damper for regulating engine water temperature... 149 
299 Shuttle armature of magneto, produces 2 impulses 
~ 297 PELE TRY, So 55 5s Kew eee ne ee ee eee 246 


‘ “ _ 284 “ type armature for magneto; why termed “shuttle” 246 
‘ “ 298 « © smeenetoarmahure coe ok ee eee 243, 336 
« ERE VATION NOW atc tare ks Ce ee, 298 ~~ Side-bead ‘tires\on'clincher' rims.) 7.1000.) nee 597 
“ Side-by-side connecting rods, meaning of............... 43 
« Side-float type carburetor, meaning of................. o7 
« © tappet lifter. oe et eee cit Oke Cea as 55 
« S wall-and rim repairs’. otter etna nnn Bae 620 
Sehplinmiank purpose yanmar c tone se an mene ane 671 “" walls gf tire, meaning and purpose of.............. 609 
Seven-eighthsinch 18-size spark plug, meaning of Sight-feed type oll gauges eens) eee enn 164 
Sewing machine for top repairing Signal alarms and speedometers,..............+....... 443 
SG ROMsD yer meaning Olen Ween. coon. ol qonene 530 8 gnals when turning or stopping...................... 654 
Shaft of starting motor bent, cause of Signs (see ‘‘Symbols’’) 
“ ; Sea AACA TORUS Sean ee econ tee ae AI escatten 655 
“ Silencer, meaning Of: nit). ee eee tee ann 1078, 48 
Shaler electric vulcanizer ne or muffler, purpose and principle of............ 48 
a Silent hain. vc vswccte 7, 8, 74, 75, 730, 731, 732, 51, 287 
« n « “adjusting and repairing . 74,75, 374, 730, 731, 732 
shanksotidnills purpose Ohm ass stuns; oles sc teen 711 “ so alignment (30-year nee ae mi 74, 731, 374 
Shape of cam determines lift of valve : “ “drive, adjusting (Cadillac BR PON eye om, as oS 
Shapeson files imigenoral use.. ess. .ay ests vas) s sce. 717 « o uh s Dodge=N* ))) <a 374 
Sharpening cities spews cama tat ecavits ees crude 712 us ie « Cadillac, Packard, Stearns-Knight 83, 86, 89 
Shears, kind of, for shop use ie ‘I a Of mseneto® oe ee ee een 287 
Sheet me “ « G “ timing or cam gear 
“ 2 @ Se ctivenccarn sha! (pan nennnnn nae 
Sheffield, early model U.S.L. electrical system a e~ front-end drivouc cae Seen a ena 
Sheldon brakes, adjusting (truck rear axle) “« “ generatoridrive...2.......... 
“ é ©) how to reach «00 ease ate 
Shellac; bad effects of on gaskets “ “« “« > rediucevlenst hig. een ene 
“ 3: « | huntingilinksputpcse of, ees nee 
“ « « “purpose of..... oa uneaeee 
ci a © Singing oauseots eee 
SHF-., electrical meaning of Cs ‘t saath a earoan acteteanenee 
Shifting brushes forward or backward, reason for.....___ 860 ts “ to shorten one pitch......... 
“ Gown meaning Of wan meme) oe) tye ee 632 us E evtighten ane A adit: 
4 from lower to higher gear when first starting. ... 631 a “ when replacing...... ses eevee 
“gears from first to second speed................ 631 Silvertown cord tire, meaning of.......___. 
« « “second to third or high gear........, 631 Simms Huff motor- generator (G=pole\ene eaten ene 
“ a “third or high to second speed........ 63 46 W f MI 12-v. motor, 6-v. gen.) 
“ “ high to lew, high to second, car underway... 632 4 a is OG (12-v. system) ‘ 
« “ noise indications...,.... tere ate rine a ane 631 s “ six-pole motor generators......._.. Rey ko . 379 
Me noisy due to clutch dragging............. 840 id “ type ‘‘HM” motor generator.............. 379 
a @ ythreetoasons if ditticaltin see oe 856 Simms magneto; special pole piece ett tt en mene * 300 
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Simplex, early model U. S. Leelectrical system...+...+.. 382 
B COvVerMor for ensine sin ape Aenea eee. os 946 
Singing noise of silent chain, cause of................-. 74 
Single acting bre k esr. a oe Nisin et rach eee nc cieaain t 13 
ie handsaiiy oun eee weet eee imei es ae. 622 
Pein akeccknuin 20098 tA <i g eRe 885 
peeechainvdrive methods, ai. aac lees eae is es yy 
«contact lamp base, abbreviated S.C............. 434 
“cut file, illustration and purpose of.............-- 717 
i cylinder engine tirins Orders lene eer... 76 
is a vibrator type of jump-spark coil......... 194 
He gear ed starting motors, meaning of.,............ 323 
Bae PTULCLO TINE G1CO)) ean con amean tegen. Meee ee ese saeily: Sat 214 
Peel Dlow-pipe CONChim et cme che wees beeen 719 
“e plate clutch (Borg & Beck), parts and assembly 846, 23 

us La DYN GlIDle iol ee ates ere kos 
« spark, a hot-one at the right time............... 196 
He “cam forignition interrupter. ...dre. ss. « 296 
, tube pneumatic tire, meaning of................. 591 
unit electric system, meaning of...) .55....26.-.-- 336 
unit, two-unit, and three-unit electric systems.... + 336 
« ~ wire or grounded return system, diagram of....... 427 
He LONG y SCOMMeAMCA MIN Oli ears, oe e cho eta neo e wnat esa 411 
Sioux Valve Telacime tool wrmutss, seh ohiaitas coke 604 = (03 
ine SAAT PEATCL mtn ns cee eine Fis ah ote bee aw ove atest 773 


Six cells of storage battery connected in series, symbol of. 412 


cylinder automobile (sectional view) tho ae cae eae xi 
CNPINGKCATAB Ante meet wn eee ch Le coh 50 
f 4 orem ial yhtteawes caste tesarsca sspears he 
« PERMIT TAPONCAe a: ener to a eee nelaccieialese wus 8] 
t * jenition parts, Speed Of. ceca esc ses 211 
i nan OF POWEEBITOKES: oo sensu bdere wae 87 
: S MLA SNELOSDCCU oy — wera meee eine cunileroee Se we ae 293 
eight and twelve-cvlinder engines................ 80-87 
* pole generator frame, magnetic circuit of ........ 64655 358 
« motor generators (Simms Huff),.............+-- 379 
“ multi-polar generator frame; polarity of poles.... 358 
Size and length of wire required for wiring a car......... _ 426 
“number of turns of wire on eee (olny ian 188 
‘of battery tor lighting duty... esse. pss sees ee © 522 
Hep rake linia (Houde set tete setpeslens t.aisile'ss2.ccsse.eer6 1082 
“ carburetor, how to determine.............. 109, 1050 
Adil POvUse LOL SADDINE a coves a eielee seis boon Relate 714 
“ fuse to use determined by amount of current..... 430 
HeaneL Ouse KOT RIM UINE ss 7) celtn cette cte este ti vee ay are: 6 624 
“ tap and drill to use for U. 8.8. threads ......... 708 
& tires, passenger Cars. : <4. 2k.d: we eee eds 1060— ee 
“ wire to use depends upon amount of current..... 
i « « wsed for winding a coil and magneto........ Sn 
a 8 wrench to fit astandard bolt and nut........... 697 
Ms @ « « §. A. E. capscrew head apne sheen 697 
i aa Buiiey for driving air compressor, how to find..... 624 
Sizes of brake lining on 1920, 1921 cars............ 896, 897 
Iss ecapserews aud DOlisyOscAs des cites sale es vis clay 697 
«  “ carburetor flanges; ELAS He eee cn tae, 1050 
«  “ gasoline feed pipes. ...-.-:+..--+++.« ae ee 111 
«  « solid tires and carrying capacity..... Ae pric 627 
«  « spark plugs used on various Cars.......... . 236, ae 
EM CAD Sais eae a Sic oe case ae ceca acesel esacanetfanelc8 Fans oO Sate 711 
Pesce END At MGS, (Malic sens OPA cr cla) le siatetece.cile ince arti 708 
Ce OetrTes: COVd-ANG LADTICUY POscin sis sce sts /sinlie wl» cieieacine 594 
(Siheqierenieste, 5 we ulesncl ce orapesnu taek Gs 6 TaeuitrC Iie tae ve 
Skidding, when usually occurs. .....-++++++eeeeee eee ee 644 
Skirt of piston, meaning of. .......-2++-e++s00----- 43, 809 
Sled or motor bob..........+seeeeeees 1033, 1034 
Sleeve valve Engine... 1... ieee cece cere eee eeeee 88, 89, 90 
MMA ATIATIG OL aie wean ceelete tee sie ssfanere ie caliate even seis 88, 52 
an aoe or barrels for cylinders........+++++e0s+2055 39, 916 
Sliding-gear type transmission. ......-..-+- 25, 26, 27, 28, 29 
Meee hroctlonvalvGae oath o sie mite rere ss ete 99 
Slipping of brakes, caused by worn linings.............. 886 
“ clutch, cause of.....-+-....--+-> 839, 842, 845, 24 
Slow combustion, meaning and cause of.............-.- 118 
“moving vehicles should keep close to curb........- 654 
Slowing down engine speed, correct TMEtHOG eraaidiel healer yet: 306 
Small tools and approximate prices. .....-..e+eeeeeee es 696 
“can be tempered in @ flame.......--+.++++-+- 724 
ic tae Corte Silom qctitneesm etme cirhaciets)alaceuetele acess 0 « 695 
Sraith motor wheels. 24. cue + ce ssle steemictles ee etme 1034 
Smoke due to too much gasoline. .......--..+eeeeeeeee 103 
“from muffler continually, probable causes........ 461 
e ti «“ probable causes Of........+++++++-+ 461 
a indications ALIG (CAUSE Wy ncsti poe mlienciele eke wie secsietee 168 
is of carburetor mixture....... Siete RTO Ae 
DS Saratheyd nao mGn bese one Saat ao mo Oona B 
& @ alls OULU Cle yee ah eats nels SMe 168 
Smoking out. of exhaust, excessive at low speeds.......-- 163 
Smoky exhaust, cause of... ...- 1... +s seen ereeee ee reeee 168 
Smooth cut file, illustration and purpose OLA ANS ee Does 717 
Socket ratchet wrench set (Starrett). ....-....+seepee 699 
“type wrench, with bent handle, illustration of. 696 
« wrench for capscrews, or nuts, how to find size. +++ 699 
iw Ee BOP oe Sie eit ad cae Pen eetarata yea eS 
9 opizedy how: tO mim. sere au sttet aire ele 699 
wrenches and ratchetlevers.... .-..++++++++05 699 
ss @XLOLSION.. .. cette aie gm deateaters tet apa aljetohaea te 1 036 
G for §.A.E. or U.S.S. screws, nuts, bolts... 699 
a « spark plugs....-+-++seeseree ere ees 699 
5 te purpose and sizes of..... hate 


le with handles attached. . 
«for Ford car. 
ratchet levers..... 


“ “ fe es Whepeecels 4 0 0 @ 


Sockets for electric lamps, construction and types of... .. 434 
Soft iron; generally used for armature core on magneto... 180 
“solder; FOOMMPOSEG LOLs sagen ome ea eee reser ee 720, 738, 736 
Softening the compound of a battery. is Sate 587 
Solder and flux for radiator repairing. "740, ioe 
oe for leaky ELCLIALLOLS tegen agin tay ete ements os soy 152 
ii 50—50,” IMEANIN GOL ce eee ee Tere ee 7236, 738, 720 
Is for aluminum, how made and where to obtain.... «21 
ie « dripping radiator he cl bby ah a a, 738 
i haltiand halismeaninge ol mearaneemetinet cst 720, 738, ree 
«hard, what composed (0) techn aca Goch ce an eee 720, ie 
is melting OMNES Ol Ger acestrs-<eipe Miah eet ee cesar ee 720 
Ms ssoltiand hardier atte. 738, 736, 721, 729 
Soldering acid for radiator repaiming. | 22. .aess a. s- 736, 740 
‘Nr ian yea poet eect Wr teased ace recess 720,721 
hs brazing and radiator acetylene outfit.......... 751 
by sweating, meaningvol.... esneaeewirs > 720, 736. 
‘3 CASETPON. 2. Ie cduuatacci ater ROE cabo aust oe a1 
é copper, domot heat nedshoten rims le 720 
if “for radiator repairing, how to make. . 738 
% “how to arrange for ease of soldering,... 473 
tt o Se RR nO, SMa Moen tee 205 Se Re 719, 720 
" SC TON MEAN eOlem weno cree 719 
a b Wy standt Oneitaae Race meee oot 720 
ie crank shaft for end-play..-. 02. 2s. asus sees os 786 
# {elenbuhonvics depen) DIATE cx Hecate ner tiered einer 720 
2 flux or acid for various metals: to mix..... 720, 721 
st gasoline torehidouble jet type... +... .ees + ie 719 
z OS OF NCI O Geta istrnnve ret estes 719 
: Bi i Seingle jet types. atee. sans 720,719 
u IMSELICEIOMS scape otis es esens eis veeue iene slate ke eons 720 
2 WEEN LPNS ON, |b 6% nanmoooaanimne Oo Une 719 
: Me POwalo Cli ya hres bem siesta oe he en 735 
“Jor copper, beated by Pasa. s yo oe mie.e selene 719 
paste for electrical work.......-..-. sss ee 720, 42/ 
PDOLIVCOT Steed cis cy tesetts kaueceas. Oa taht ema ite ac acehamracie se a0) 
radiator by dipping in molten solder.......... ifs 
3 deviee tor elevating, is gaco.'s nus 740 
radiators, pointerson............... 736, 738, ce 
din, endl CAStn Ons eer Mae main eet Bots od Sa 
POOL Cop Melee ae ere eek alate lsc Pena aneraree wee ashe 419 
ts « nickel for aluminum soldering,.......... W2 
Solderless fittings for gasoline, gas limes eistecccusavesecseoas 681 
Solenoid orsHelax rine aril Olea etre etal retake 181 
@ HSS polaritvaOL a. Raeitis oh tue ere tstetinn enereceds 182 
a INGO oat. wihsuoane Sormobocooon names 182, 1015 
Solidyamean ing oly a: eae etn rss Gene detsteee teens 1078 
« rivets and split for brake lining 894 
a tire, CUBHIOIASb Yes ccs yosiuces- At eiro ns Meshes 626 
y hard base pressed on type, meaning (ob oe, ern 626 
is «in general use, divided into three classes. . . Oat 
is “ mounted on quick-detachable demountable rim 626 
is # troubles:)...cnesa vet oe gues pe eaten nitow ace 627 
i « wheels changed to pneumatic; cost of.......- 628 
« ~ tires; divided into two classes...........+++.--++++ 626 
us “standard sizes and carrying capacity........ 62/7 
a Sty pec Cramle SHAtiae aan ae else ces crheenenansepenshs aiecere< 46 
Solution for making battery box acid-proof...... deg wtell 
of battery has been spilled in shipment......... 5/6 
Solution for'cleaning metals., o.. 6. . een ees ace cee ve eee dic 
is “ non-freezing of cooling system......... . 153, 992 
SOMOsCOpe eDUTDOSeLOliem array nace reat suceetea ielatoter es oiape serena «ye 777 
Sounding rod, purpose Of.........-++sersseereeeeeeess Ti7 
South pole, meaning Of... 0. 0.60.2 cre enare teste eens 1078 
Sp. gr. or SG canine Ole nM eigenen ie cee 530 
Span and lead of armature winding, meaning of..... 344,343 
Spare rims and) tires. 2. ss pisnnpsead-tons ee eee il 


Spark advance and retard, range of......... 


i meaning Dian Lae ane wey ee 
“« EESTI “Oleg is a 5. qaiuste aca ytatecaey ; 
# why increases speed of engine... 
advanced too much, indication of..... ct 
and throttle ball joints. 7 oscvwe cenesnsieareena saa eats 
i control of (Locomobile)...... 
# « lever, how connected........ 
“ “ a“ 


rods on pepnng ek 


cs i levers (Star car). 
Coll, Mean VOlimemn rest eee yneaerersnites sate er 
color of, when testing an ignition coil....... 
control ‘and overhes ating sus Avis abe Sido ks Gots shcca hata) oe 
i lever, (Me AM OL eee eet a staliers 
it what it connects with......... 
« crate GuotstravYeinoy petnrnele encase soeetcto 
« ~ of ignition system (battery and coil)... 289 
for ignition, time to occur 291 
gap, meaning of.......... 1078 
By SSUPPORULOMEs jrctracsenets ia, enere enous fs Met erator ensl scevaeerss« 225 
how produced with an electromagnet............. 184 
INVENDSILLEL, PULPOSC Ole. yarn eieei aiviele + seins s/Fre 237, 1039 
knock, detecting of............. cS rihsa muR RE EIPET eI aus 1108 
us TTIE AIG Ollie e cerauveuieevage Bis vecare woe acaieueyens (ele 778 
Nel crataaeve tin, | ean op came ns Gentsetho moon cle 63 
Lovie ECR Ne On ae ees ewer neat 34 


“ eonnected to magneto to advance and retard 287 


“ manipulation when starting and driving car . 630 
“run with it as far advanced as possible...... 193 
meaning Ee ae tee Mikro secMich cca has aa en aR es ee ase 1078 
missing of, general explanation.................. 238 
Of MAENELO) COMLLOWOL ss acre seks eyed mee ies 289 
plug adjustment ......... (see ‘‘Adjusting spark plug’) 
“eables, how connected with distributor... 294, 308 
“  eguses missing on hard pulls, high speeds aes 234 
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cement becomes porous .......... FOE Gin ODO 234 
peo, symbol. Offs. 5. .2y0n wines vw 4 ee sae ltaretie ase 
Clea MIM gy OF y..sow che avy wen she) seeteWaedasvaua,s POUR tee ee 
(COMA WOMN Ginn Gn gokmooangomeenor 0 233, 188, 234 
CELOCEB.OL.. pos jai bit eRe eee eee 309 
difficult to remove, cause of..............-. 1111 
do not scrape porcelain....... Viicte pee Oe. 237 
electrodes, what made of and diameter....... 234 
for acronanticnasep yee a+ ee eee ... 234 

“Pordjand magneto uses. 1.2 ss eieeee ae 
SNe ene he cate i Ine SRA a 

“ adjusting (Delco ignition).............. 221 


« “adjustment of... .236, 237, 238, 119,, 121, 
223, 225, 209, 302, 306, 371, 372, 1070, 1071 


“ adjustment of (Packard Twin-Six)....... 1071 
e ce “(Pierce -ATTOW) aac ¢ oases: 1070 
“ adjustments coil ignition 237,306, 205,306, 221 
: G magneto ignition....... 309, 306 
“ aAndicompressions.:.+osen see nen. 3 
ie O:V'OT Be Ce PEIN Hokuishens Sdn a alece w eptre we aie 

« (Bosch ‘‘NU4” magneto). 

Sy (Buick=Deleo hapriee tick oie acce ahi ce ts 

“ (coil, battery ignition) (Remy) 

* ‘considered aninsulator....)...........- 


“ current required to jump 


“ different ignition systems 306,308 
_-“ (Dodge-North Eastignition)............ 372 
oe domotisetiovers; apart. ....0:5..0.. 225 
“ for high-compression engines............ 236 
beg (HOnC)) (eC en tee eran hen ius ck elaaree Ree 223 
“ if too close, or too 
W1d Osea or ticavtael ed 237, 221, 302, 121, 119 
“ in open air and under compression... 236,239 
saaiLiberty engine) ees mens ane eae 1150 
2 (WEFAN an a ob ea aooc 297,306,309,312,314 
“ (magneto ignition), if too close.......... 314 
& Gs Ci BE WACLO at ra. sletacay shes 314 
“ on 4, 6, and 12-cylinderengines......... 237 
«proper spacing of important,........... 121 
“ relation to engine compression.......... 236 
“ resistance greater with throttle open. .... 312 
* short-circuited, cause offfs.)...0.-22.... 309 
should be.025tos0s0 mre) oe 209 
Pe SULLEStIONSH Aue eee Res oe hence kok 225 
“ too great, effect on magneto safety gap... 309 
« voltage requiredtto jumph.. 0s... 05-.. 188 
Gaskets. cs see ee etic coe che 680 
i COPPET 7.25 Sacre tepses ote scare eee eee oiaed 236 
“ _ where used......... : 
if black; softisoot onend eres tens 0. a.a... 
“ oily and sooty; indication of 
integral and separable type............. 


Jeng thaxjonee ere ee Re, eet cana ieee 
(Liberty engine)phyee cae ee Wma. oc cnn 
life\ of, fonactonautiouse:, .. eine. ss). ss cke 
located where water jacket surrounds it 
location (Hssexengine)..,................. 
Sow LIMNOVLINCEN ee | aire eh ee ee, 
“ of, in overhead valve engine 
cs “ when used with double ignition. 
“over inlet valves; reason for 
locations (poor and good).................. 
long body, long thread, etc................ 235 
IMAPNOVIEKEY Mel wane tyes oe ame anc, | 255 
(magnetiononition\eies +. sen ee et ae 236, 297, 
MCAT OLET ent egan ae eh RRL ae ee Rs 1078 
HAMGED BATS LVERLOTaY. 5 an were edna s Gs Ate. 234 
COWISESSUVES OENNELIS OS! 5 ren cuaesin pho mesmo ofa om an 224 
Gi CeEstHOMlocatingn ets enous ene 238 
never draw tight in hot cylinder......... Soca lille 
oil-soaked constantly, cause......, - 168,169,769 
oulyscoustantly ey ee Meee A ae 1109 
“ how to bend to overcome............... 239 
44", 14"—18, metric, meaning of........ 235,236 
(Dackardifvelizen) eee cui tee une e 108 
points; must not extend toofar............. 235 
porcelaineind parts eye ne nS 233 
position in valve cap (correct).............. 233 
DEMME CO MMe eit: ire ee mek 1136 
principle and purpose of........ 31, 188, 233, 236 
reach, toolonz yas) es. ss. eter MCIREe eae aenene 233 
SiAGsHh  climensions of .caee anne nnunn noes 80 
separable andintegral................. 233,234 
shell metaing lea tay amen te inn 232 
sizes and lengths used on leading cars....... 236 
ti 19 UNTO aa eeNe A) Aci, Merion Loe mat hal 235 
Sa SSSA. UR Sch teh AI Ga Seat Mae 697 
i “ “ “ and A. L. A. M., meaning of..., 335 
socketimrenchesi taken e ts 0 236 
sooting and pre-ignition.................... 238 
PADS eee ee eee aT ee, ae Cia 
tests; do not remove wire more than Beets toece Pa 
Gester. ete et heir ei AEDS Ee 223, 231, 232 
testing for leak around porcelain....,....._. 239 
Pett COLD OTL Z 00 Aan ee Rett th 2a Mes, 39 
“to see which one is missing... . ., 238, 239 
tests for missing on V-type enginessen.) unre 239 
threads and lengths of | oXofe Aigeaeoapeec rN Neen 235 


k plug threads tap for (S. A. B.).........--.-6000- 697 
ape iw « three standard...... Be obvec sus. aksaele suerte a 
fs @ * troubles ssareieeie cis) eels eR nL etsy. o etek tats ae 
a & 4 (ord) Piece ener Caan CA ere Z 
eC « Stywoim each cylinder jane eiee ierieiel= renee le 23 
G PG WG C3 advantage of..........- 264 
a «  « per cylinder (Delco-Stutz).............. 417 
S 8 SEV DOBis Sashaushons epee a. 9) ota Rte ay eee ea 233, 234 
im He RYVOTIOD: wets, aueressoket 9 teat meee og a -,+ 236, 697 
« plugs, how indicate condition of valves and rings. . 769 
4 G «to connect to distributor. .;......---. a 
4 « two fire only onevefiective)- a-.cee asics i 
e es , oer eel daee (Pierce Arrow and Stutz).. 216 
« proper time to occur..... PEnbeet adcustaeons a6 35 
« yetard and advance; meaning of............... 34, 35 
“ retarded produces aeet ae : oy ons favaniehe RS tone 306, 304, 132 
aking pt iseiot ogite ae eee eee come 


Sparking at brushes, cause of 


“ 
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Sparkite ignition coil contact points (K. W.)............ 
Specific gravity and temperature table 
“ “ 


“ eontact points, defective condenser. 227,230,231 
excessive at interrupter points, cause of........ 308 

is “ starting motor brushes, cause of.... 329 
of brushes; setting brushes to prevent..... 359, aoe 


“ voltmeter test of battery cell 


o . Meéanive of -~ pws Seah ee weeee 
“of battery solution, how reduced........ 530 
s id « _ when and how to adjust...... 536 
£ & “ electrolyte at end of charge...... Bones faves) 
“ - & - to be mixed.......0.... oe. 534 
a s « a “put into tellc. 2.5 534 
é Es “ non-freezing solutions. ............-. 154 
5 @ “ storage battery, meaning of...... 529, 530 
bi “readings, temperature corrections of..... 532 
g “ Z when tO Makes, ccere eee cee 531 
5 « ) test wath hydrometer..--o4.p ero 631, 545 
. c water, alcohol, kerosene, gasoline. - -1050 
s Shy soue BRU ee she uke Wace 
Specifications of Autocar truck... ..<. 6.25 .0esesedeecue 22 
a . “ brakes on passenger cars..... 1060,896, 897 
“Columbia rearaxle wes ces e eee 869 
“ Continental engines.............. 93, 94, 936 
*Delco-Light, Plant. -iy. cn cee ato 1002 
* ‘Duesenbere car oat wanes, ak ce eee 1069 
“ electrical equipment passenger cars. .... 1064 
© EOL GL Cal aoe. peer oars a 1080, 1081, 1085 
NS OUST G cates, Arete te aot 1099, 1080, 1085 
he <(UTUCR 5.5... sa & aah hee oe 913 
> Bordson tractor. «1 anne 
“ ReeWe_ Ds truck«. pace : 
“G. M. C. truck (one-ton) 
Pik ele te ake. (EWwO-tOn) 
= GoW electric. trucks somes Greene 
ELE Lovoroe{olovl einer ae, et vee oe SS 
“ International truck, one-ton model. .... 925 
“ Lafayette engine 
Leading Gare eae crs. ctv neem 
“"Motorcycless.. 0.6.6. 


& Pierce Arrows ersaeuncnig ee ee eee 
eDISfOR Tings. aac ease ee 
se Rolls Ray Ce:carse aac 2.4 eee 
Stak Oar se csiw corsa te eee 1070 
F UaXIOADy.Y CLO Wis 0.6 Soccer ee eee 
pm DDACLOR engines seen esas eee 
SEER CHOPS va.0 0.5 aie ee ee 
‘curuckienpines'. si. os... eee 966-977 
SSURUGKS sacha, vk Sto aE OS 966-977 
> Wihitertruck,)34-tonm emer oe ee eee 930 
bees 2 5 SUOTLS oti stein : 932 
Speed, current data table for testing generator.......... 490 
 sindica tor, wont pose ated. san senna 490, 704 
7) tilles;penHourscable pe meeey eens senna 1049 
| of engine; how controlled. ;2....... 5.408.) 33, 34, 99 
« f in relation to time of spark........... 292 
: x Se gitaxicalb.. 0 jigs ocak cnt eae 978 
is ( “truck and tractor use........ 38, 39, vii, viii 
3 “ generator when being motored on test......... 480 
e HAA BNCLOS Rain cit NAM eae tig Oe eee 293 
: “ motor greatest when brushes are at neutral.... 496 
e GB passenger automobile... ..)50....:.... vii, 911, 38 
: co starting motor, average Of 022 JUS eect eee ee 478 
“ tractor... Bye Ske vette sr gg sirsmarend byelealeeerei eke eee 984, viii, 38 
. Se @GenE ne COR. eke Re ckie tila aaa 996-998, 39 
£ ‘“bruck; @Verager i. 5. ceue et meee eee 911, vii, 39 
“relation between crank shaft and cam shaft... ... 292 
sa enof engine and tire speed. .).... 5) ses0 ie 1050 
a relation of ignition distributor, engine crank shaft. 210 
“magneto cam, armature, crank shaft 294, 296 
ae mre sto) Lime of Spa Tic. te sae ee man 292 
Speeding up a)Ford\¢ar.). Ws..s.-:..)..5, hkl 1025, 1028 
s MS GLAKGATS.. «ae.cqe MELE ect Ne CRIS 1024 
Speedometer, adjusting and Reabinig tet ee ee ee 447 
4 and ‘odometer’ |. 3). .J5,.eueido th ns teen 445 
“4 careiand troubles: .) ees, Saas wee. 446 
. checking of............ 268 oramowy aide Sow - 447 
ic dial Vala tesvicauicestot ye eee eames 447. 
SIMO TENGE Ss Onde nan konebenseaess AG 
‘ make of on passenger cars.......__. 1060-1063 


“ Nash quad truck 
i passenger automobile 
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Speedometer, principlessof.......00..1....2..... 445, 446 
i PALIOVOL Gearing nse ace eo 446, 447 
. shaft torolcem yee edn aaeoe Nee ithe, 1140 
; 2 troubles sae eam re CRE Ng ee aks, 447 
pHcedway notary, type valveMe en aclu. a. 90 
Spelter, FAVOR Oe Oe aa aren ected ete eyes cathe Siiene oe corer 1078 
Spherical candle power of an electric lamp, meaning of 432 
Dpicemuni versal jointep meee here sR a. 5. 60 
Spilled electrolyte, how to refill....................... 585 
Spindles ‘of front axlesprung../ 40.062. ....c.0ee secs os. 905 
Spinning clutch, meaning ofe. ws... sess dacs secs... 839 
Spiral filament of electric lamp bulb................... 432 
fe ute.reamer, illustration of. .....+-+. «lke eccs san 714 
Weemorshelical, sear. omen pin en ne en a 
PIM ELevelupurpose/ ol. Hates ats er on 704. 
Splash engine lubrication system...................... 157 
: Bi « Ceinculating) ese eee 159 
f “ (non-circulating)....... 158 
Se iB f “ (semi-circulating)...... 159 
syavlobayrerpausbanals) mb lanes ahom oe ae Le ae meee ne 615 
Splitdont, address of: = sonehese rs ele vows Lvs see oh tact oes 232 
: generator, motorcycle type. ....62..0:05.ne ne 1014 
f low-tension magneto and coilignition......... 254 
if mag-dynamo for motorcycle 
Ee MmASDEehO Mow, CENSIONG sey erro onsen oc - 
& Ws fe « timing of 
< mica aeronautical spark plug 
Gs one-piece "spark plugin is. coat. oes heme nies 
Split rim, straight side, demountable, one piece. 598 
eyper crank case aa naan oe ae. sch ons. no 41 


often contain sand and grit... st.........2s a6 672 
Spot lamp, lamp and candle power used................ 431 
Spot-light, purpose and adjustment of................. 440 
Spotting and scraping engine bearings...... 785,786,945, 800 
: dnalomislveneee nines perce ete oe ot A eens, Get Ce 494 
bs *connecting-rod bearingss.0:..... 25 .2.0002.- 800 
Spray, can be used for cleaning chassis................. 648 
* nozzle (Holley carburetor) 
‘s AMEAMINE COL. acme alsa caetnu a tetas 
2 SOF jetan DULDORS Of awe sneer oe oan cece 
a) primertor/carburetor....\.0 5.0 
Sprayer for whitewashing garage walls................. 1041 
Spraying outfit for painting radiator................... 739 
SHO TULIP OMe eteeiny ye lous waaserahomeue cosine esos eiskon ek sveiie ene Seal tis 11 
« ~ and ball valve for regulation engine oil pressure... 161 
BAER CHDS, keep WIZ Ubea sw tce cere at acetate rasa acecs 905 
RECOV eancd Mubricator uncer ia miter mete 762 
jeez) a-spring Wbricant see urerna eo or eas a 762 
“ for valve (see also ‘Valve springs”’)............. 776 
ee full-ellipticm. ces acer arate mt ene shea eee tare 
MILL O WW; LO GEA KG cee cesar te ou MOR ROmE pitt ie sensi a eke 
“ ~ leaves, lubrication of . 
“ lining up with the axle 
PL OTICAIIES « cx, ccs aus sun clsmtgaktness ERR leew cease 
PED riCATOM: Oe ca.crcte so ccnse ate dette keene hier 761 
“. year, type of, on passenger Cars........... 1060-1063 
“é ~ semi-elliptic..<.-.--. ene Snort , poten a em 11 
joe shackle bolts; lubricationOf. neces... ane eee 173 
« ~ shackles, automatic and adjustable.............. 762 
3 ROUEAAe CUES Oia Sob cope on ats S oe pena hen oA 173 
GeESUSpension» CAMMLCVEL.... stetersie sais chara tet te ois iil 
& a overslung and underslung............ 1 
SiamU CT OLIN Obey yatta etstasist ee styirsatte sees er nora ta eon! 
ie teraporatysnepair Ole etree eerie a ane 1040 
Simeone hare odtha ar aay ode cae rane a6 MeneE 11 
GS SPiN ein se ade Nos doy cme ny on heels wee Oe 762 
(winding outfit... 2.2222... Sis 50 AIO eooaa oto 723 
Sprocket, adjustable, for silent chain................... 731 
- and vibration dampner for silent chains....... 731 
je Col neh Nihon tl el ee Gn hein Oa re Oe, aia 7,8, 951, 731 
& end housing (N. E. motor-generator) assembling 377 
Spur and bevel gears, in rear axle (Autocar truck)... 924,925 
Maryan cittenontinl een cr ante iaa ets aaeblta Hiclegstlate sere 18 
3 ALBtatye sree onet USER Ooo aN Aen OG monn au Neen 7 
Square file, illustration and purpose of..............-.. 717 
« “head capscrew, illustration of.................. 706 
« ‘stroke, meaning.of, .....- 200+ -1s+es sere seeeeee 48 
Squaring the piston, meaning Of............-...6.-.0-. 809 
Squeaks and similar noises, causes OL Stk akan he 462 
ST. M., electrical meaning of............5.-+...-5.55. 413 
Staggered cylinders, meaning of.....-......-....ses eee 85 
Stalling or locked torque test, meaning OL tet kk peti Rao) 
s es & « “ or starting motor......... 490 
Standard adjustments (Packard ATS WATI SEX sarsucisee ennai iors ane 1071 
Hi and oversize piston rings............+..++ 828, 833 
; & & pistons, remarks OM, 3....-......- 811 
e bolt size; head and nut U.S.................. 697 
: bore of cylinder, meaning of.................. 811 
clearance of piston, meaning of...... Rifas ome 812 
Ny four-speed S.A.H. truck gear shift position..... 912 
‘ gauges for wire and sheet metal.............. 704: 
oversize piston, meaning of.............. 811, 812 
‘ pistons and rings.............-+ 811, 828, 833, 938 
# « oe on Pe) ae 
io GA Ee oversizercylimdersn meanudelecs nilele cites 
size of battery as determined by the S. A. E.... 524 
‘ «" « Word piston expressed in decimals...... 812 
“" piston, meaning of............ apeataans 811, 812 
temperature of battery, meaning Oleteereccner ses ae 532 


u! three-speed §, A. E. gear-shift position, , 27, 29,912 


Stanleyssteam’cardtn,.<) Ace er ere een as eee. ee 1016 
Stanweld interchangeable rims....#................... 601 


on a grade..... 
shifting gears 
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4 2 s not dependent on plate size..... §22 
2 : f of a charged or discharged cell... 542 
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ee _, , flute drill, illustration of........-. RF eRe: The) 
we idelbead tire, populan typename mene meee tl sme 595 
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Z “ Geo ioima Same spore tanec one o aes . 598 
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Streamline body, meaning of.......--...---+++-++++e0-> 1024 
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= engine, cam-shaft drive (model “EJ’’)....... 51 
. “ lubrication system (Light-Six)... 161, 162 
5 frontend drive. system on... . acs mene ee 337 
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: ignition Lighting. yen eee 334, 332, 409, 426 
on (Liberty enviney; 4... .0.4.55 cen 1 
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VALVE AND CAM SIDE OF FOUR-CYLINDER ENGINE. (Draw in the Parts.) 


Draw in the other side first (shown on the reverse side of the sheet) ; then draw in the parts on this, the valve side of the engine. 


Valves: Draw in the valve head in its seat or slightly raised where necessary, taking it for granted that No. 1 piston is just starting down on the power stroke. The firing order, 
we will say, is 1, 2, 4, 3. 


Valve springs come next; then the valve-spring retainers. 


Cam gears should now be drawn; 
then the cam shaft with its eight 
f cams. Place the cams in posi- 
f i oF tion, as near as possible as if No. 
Rone RY 1 piston was just starting down 
"eet on the power stroke; No. 2 just 
starting up on compression; No. 
3 just starting up on exhaust, 
and No. 4 just starting down on 

JACKET the suction stroke. 


Valve guides are drawn next, 
then the valve tappets; on the 
upper part of the valve tappets 
place adjustment nuts. 


The lubrication system of the 
forced-feed principle can now 
be outlined—the oil pump being 
operated from the cam shaft. 
Show arrows pointing in the 
direction of the flow of oil. 


Ignition: A magneto of the 
high-tension type can be in- 
stalled, or a battery and coil 
system, as desired. 


If a battery and coil system is 
decided upon, place the ignition 
unit on the generator, and place 
the generator on the bracket 
(MG). Chains usually run the 
generator—but in this case we 
will use gears. 


Connect up the wires from timer 
to battery (place a battery below 
somewhere) ; connect cables from 
the distributor to the spark plugs 
for a firing order of 1, 2, 4, 3. 


Starting motor: Place a starting 
motor, using a Bendix drive on 
the bracket (S); connect this 


starter with the battery and 
switch. ; 


INSERT NO.1. Four-Cylinder Engine Drawing Diagram. 
(Copyrighted, 1922, by A. L. Dyke, St. Louis, Mo. 


PISTON AND CRANK SIDE OF FOUR-CYLINDER ENGINE (Draw in the Parts.) 


In order to understand more clearly just where the parts of an engine are located and their purpose, this illustration and the one on the back have been provided. If the reader 
cares to, he may take his pencil (a soft one) and draw in the parts as enumerated below. This will assist very materially in gaining a practical knowledge of the parts involved. 


Crank shaft: Draw this first. Bear in mind that the stroke of the piston is approximately 11”: therefore the “throw” of the crank shaft must be one-half of this, or 2%". The 
crank shaft is an 180° crank. 


The pistons are next. They are 
approximately 34” diameter. The 
length should be approximately 
74%". There is a slight clearance. 


Piston rings: Place three on the | a : | ~ : 
piston for No. 4 cylinder. 2 CYL.NO4)  CYL.NOZ. : : CYL.NO2.\ . CYL.NOI\ | 


The wrist pin is next; the piston 
for No. 3 cylinder should be 
drawn in section so as to show it. 
Draw pistons for cylinders No. 2 
and No. 1 in like manner. 


Connecting rods (with the lower 
bearing split and bushings pro- 
vided and shims between the 
upper and lower parts) should be 
drawn next. The oil scoop or 
dipper is to be provided on the 
lower end of the connecting-rod 
cap. 


Timing gears: The crank-shaft 
timing gear is one-half the size of 
the cam-shaft timing gear. 


The cam shaft is drawn in next. 
Bearings are not provided, but 
can be indicated. 


Clutch: Draw a cone or plate 
clutch (in section) in the flywheel. 
It will be necessary to taper the 
inner face of the flywheel rim for 
a cone clutch, and to re-design 
it for a plate clutch. 
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DIXON’S No. 677 
Gear Lubricant 


An automotive lubricant for enclosed spur and bevel gear 
installations, to do effectively the work for which it is 
intended, must perform many vital functions, some of 
which are: 


1. It must lower friction so that wear on 
bearings and gears is reduced to the minimum. 


2. It must resist cold, permitting gears to 
shift as easily in freezing weather as in mid- 
summer. 


3. It must show minimum temperature rise 
for bearings and gears. 


For 

Worm 4. It must show minimum power losses in hot 
Drives Ale jtal i : 

ee » ana cold weather operation. 

DIXON’S 5. It must smother the cutting action of road 
No. 675 . . ff . 
er] dust and the metal particles chipped off in 


shifting gears. 


6. It must insure quietly running gears by 
providing a film of lubricant between teeth 
meshing with a minimum clearance. 


7. It must have long life, i. e., maintain 
unimpaired the above properties for a long 
period. 

All of these conditions are met fully by 
Dixon’s No. 677 Gear Lubricant. Complete 
details of interest will be gladly sent. 


Write for Booklet No. 116-G 


JOSEPH DIXON CRUCIBLE COMPANY 
JERSEY CITY, N. J. 


ESTABLISHED 1827 
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for the bo xe8'— Price $498,007] ag nee 
MACHINE SHOP Quick Change Gear Lathe SHOP 


The Practical Size Lathe for the Auto Repair Shop and Garage 


Over 30,000 Satisfied Users 


Standard Quick THE PATHE 
SIZE Change Gear Change Gear in th e 
9” x SCL athe: £1100 se $ 241.00 
li’ x 4 Lathe.......'248.00...... 288.00 AUTO REPAIR SHOP 
15x) ‘SoLathe mee. 304.60... 354.00 
15” x OL Lather a a2 376.00." «ee a 
16” x 8! Lathe....... 439-00) sone 498. ; 
18” x 10’ Lathe....... 656.00...... 721.00 BulletinNo.7 


ILLUSTRATING How To Do 
530 
IMPORTANT MACHINE Jogs 


Any Size or Style South Bend Lathe can be 
furnished with Gap Bed or in Individual [= =" == mm mum mmr mem me me ee oe ee ey, 


S f 
Motor Driven Pattern, | rere Got a j 
South Bend Lathes can be purchased from 9 South Bend, Ind. 7 


Machinery Dealers in all Principal cities. i Gentlemen: Please send me FREE, postpaid a 
Fi copy of Bulletin No. 7, “The !Lathe in the Auto : 


Send for new free Catalog Repair Shop.” 


; Netne Mg ira ks oe el ie 
SOUTH BEND LATHE WORKS i St GuNo..2) eee : 
456 East Madison St South Bend, Ind. City WP. ee a ene ee : 
New York Salesroom: 166 Centre St. | State Wa a | 
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SIMPLE THOROUGH PRACTICAL 


Radio for the Amateur 


by A. H. PACKER and R. R. HAUGH 


208 Pages, Cloth, Size 5x714 Inches 


This book is written by two experts in radio telephony and discusses in simple 
language what is needed for the beginner to understand how to build a set and 
be able to operate it. There are scores of books on the market that purport 
to tell all about radio, but nothing heretofore has appeared that tells the amateur 
the simple underlying principles, without which a real understanding is im- 
possible. 


Illustrated with 73 original drawings which are usually in pairs, one showing 
something with which you are familiar, while the other illustrates something 
about Radio by comparison, for example: 


The circuit of air passing through a furnace illustrates the circuit of electricity 
passing through a battery; in one case the coal is consumed to produce heat, 
while in the other metal is consumed to produce electricity. 


Table of Contents: 


Radio Waves. Tuning the Circuit. 


Foundation of Radio. The Condenser and what it does in Radio re- 


Currents. ceiving. 


Kinds of Radio Waves. Oscillating Currents used in Radio Receiving. 
Pure Sound Wave. How to make a loose coupler. 

Magnetic effect of Straight Wire. Assembling and using the loose coupler set. 
Carrying Electrical Current. FR et does Davee 

A Simple Receiving Circuit, using an aerial, a eee te 


ground, a crystal detector, and a pair of ; oa 
phones. The Audion Bulb Receiving Set. 


PRICE, $1.50, POSTPAID 


THE GOODHEART-WILLCOX CO., Inc. 


Publishers et 
2009 So. Michigan Ave. Chicago, I]linois 


RECOMMENDED AUTOMOBILE BOOKS 


Automobile Electrical Systems 
By Davip PENN MoreTon and Darwin S. HATcH 


Here is an analysis of all the systems now used on motor 
cars with over 200 wiring diagrams. Special electrical 
specification tables are given for all makes of cars and 
for different years which eliminates all guesswork. 


Electrical Equipment of Motor Car. . . $3.50 


By Davip PENN Moreton and Darwin S. HatcH 


This book is a working guide on the installation, care 
and repair of the starting, lighting and ignition systems 
of all cars, with 256 blueprint wiring diagrams. With 
this book, it is an easy task to trace out and locate all 
cases of electrical trouble in a very definite and systematic 
way. 


Automobile Repairman’s Helper — 
Vol. I 


By S. T. Witiiams and J. Howarp PILE 


This invaluable reference for the mechanic, owner, 
chauffeur and student, gives in concise form every opera- 
tion required to adjust or repair the troubles likely to 
be found in all standard cars. 


Automobile Repairman’s Helper — 
Vol. II 


This new book is right up to the minute and contains 
such new chapters as General Shop Practice, Storage 
Battery Equipment and Repair, Passenger Cars, Parts 
and Equipment, 


<oLuME ONE © 


Battery Service Manual 
By Donatp D. BLANCHARD 


The battery repairman will find this book an accurate 
: guide in testing, locating troubles, making repairs and 
if < popataDBlane!2s charging batteries. A trouble chart in which all known 
ane defects are listed with the cause of the trouble and the 
proper remedy opposite each will prove of immeasurable 

value every day. 


Modern Methods on Ford Repairing . .$2.50 

By J. Howarp Pire hodsof} 
Ford Repairing 4 
‘y,Howard En ; 


: Modern Met 


This complete manual on Ford repair explains the use a 
of all the up-to-date tools and shop equipment, and : 
minutely describes the methods of performing the work 
on all the mechanical parts of the car. 


Each of these books is an acknowledged authority 
Order by mail from 


The Goodheart-Willcox Company, Inc. 


2009 South Michigan Avenue Chicago 
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RECOMMENDED E BOOKS 
Motor Vehicles and Their Engines........... 


By E. S: FRASER AND R. B. JONES 


A complete book on the automobile written in the simplest language. 
The fundamentals of gas motor operation, as well as the care and operation of the principal accessories 
of the motor vehicles concerned, are discussed in detail and at greater length than usual. 
It is the one book for constant every day use, and it has been built with the idea that it must stand 
y hard wear. Well printed from good, clear type on strong, thin paper and bound in 
flexible waterproof fabric. Just the book to take along on trips and to have 
handy in the garage. 
374 pages 6x9 inches. 317 pictures, many in colors. Flexible fabrikoid. 


Electricity and Its Application to Automotive 
Vehicles..... 


By Paut M. STONE 

STONE is written for the practical man who desires a thorough grounding 
in the fundamentals of electricity and magnetism and a detailed study of all 
types of electrical equipment of automobiles. 

The book was developed during years of teaching of the subject at the Michigan 
State Auto School and other schools. Every chapter was submitted to the test of 
actual classroom use and nothing is included which is not considered vitally 
essential to a perfect knowledge of this subject. 

820 pages, 7x9 inches, 900 illustrations, flexible. 


Motor Truck Transportation. . 
if By F. VAN Z. LANE 
A brief, logical presentation of the principles that govern successful motor 


truck operation. 
Valuable to anyone haying a special problem in hauling, delivery, distribution 
or transportation. 160 pages, 50 illustrations, 6x9 inches. 


e e 
Service Station Management. usd $2.00 
By C. L. Jones 

This book offers: A “complete analysis, based on years of close touch with 
the industry, of the successful operation of a garage, covering every detail of service 
station management, from advertising for business and its efficient handling in the 
shop and satisfactory delivery to customers; 

Suggestions as to methods and practices that have proved valuable when em- 
ployed by some of the most progressive and successful automobile dealers and 
service stations; giving detailed instruction for their practical application; 

A workable basis for efficiency and profit through the employment of the 
successful experiences of others. 


e 
Motor Truck Design 
By C. T. SCHAEFER 

Mirrors accurately the standard practice in the motor truck industry, written 
primarily for the engineer but the informationit gives is of the utmost value to the 
student, draftsman, motor truck owner, chauffeur, garageman and every one 
connected with the industry by C. T. Schaefer, Consulting Engineer, Member 
Society of Automotive Engineers, 324 pages, 292 illustrations, 6x9, cloth, post- 
paid, $2.50. 169 pages, 6x9 inches, illustrated, cloth, postpaid. 


Each of these books is an acknowledged authority 
Order by mail from 


The Goodheart- Willcox Company, Inc. 


2009 South Michigan Avenue CHICAGO 
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Weston Model ‘‘280’? Combination 
Voit-Ammeter 


This instrument can be used to make all average tests 
the electrical repairman will be called upon to do (see page 
464) and it will also make cadmium tests, as the scale 
(fig. 7, page 548) is now provided without extra cost. 
Weston cadmium test points and test cables (fig. 8, page 
548) are $5.00 extra. Ambu cadmium test points and test 
cables $2.25 extra. Either can be used. 


Price Weston Model ‘280’? Volt-Ammeter with three 
shunts; 3, 30 and 300 ampere and test eables and book of 
instructions—$41.25 (case $7.00 extra). 


indicate every fault in the armature. 


Addr 


ELECTRICAL TESTING INSTRUMENT 


For Automotive Electrical Repairmen 


The most profitable work of automobile repairing is that of electric work. After Aupen oe. eae Cee as 
electrical systems in this book, and the principle and construction of the Weston me oi Pa oe ps eee: ees 
to test on pages 475 to 520 and 545 to 555, then how to diagnose troubles on pages a ee pas Se ae pagene 
be able to test, diagnose and remedy almost any electrical trouble—if equipped wit e prop fe ney 
Wiring Manual and Data for making the tests. The Instruments shown below are recommen é 
and Data book is described in the advertising section elsewhere of this book. 


Testing Method: First the operator raises the sliding panel and 
places the armature to be tested in position, as shown. Lowering the 
panel then brings four contact arms to bear on the commutator bars. 
The operator puts on the special telephone receiver, turns on power, 
and tests by rotating the armature and listening in the receiver. As 
the armature is rotated, current from the center test points passes 
through each consecutive pair of bars, while the outer test bars draw a 
shunted current off two bars equally distant from the bar at which the 
current enters. This current passes through the primary of a trans- 
former, the secondary of which is connected to the telephone receiver. 
The transformer develops the slightest variation in current strength 
into a marked change in the receiver’s buzzing note. These changes 
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Ambu High Rate Battery Dis- 
charge Tester 


This tester provides an accurate, reliable means of 
testing the performance of a storage battery under dis- 
charge, without removing the battery from the car. Simply 
place the two sharp prods; one on the positive, and other 
on the negative post of each cell, and the voltmeter flashes 
the condition of battery instantly. 


The voltmeter has a range of 2 volts on each side of the 
center zero. The readings are easily made during tests. 


The prods are made of heavy 3¢” square nickle-plated 
steel driven into a large wooden handle. The shunt is 
made of heavy Nichomre metal. Size 4” x 1114” high. 


This tester in your shop will be invaluable as an aid in 
securing repair work and selling new batteries when the 
old battery is found to be “‘shot.’? Price complete with 


voltmeter $6.75. 


Coil Tester and Remagnetizer 


See page 223 for an ignition coil tester and pages 312 and 
1118 for a magnet remagnetizer. 


Ambu Armature 
Tester 


This new patented armature tester is priced 
low enough to be within the reach of the 
smallest shops and does the work of a ‘‘growler” 
or transformer test, ‘drop of potential’ test 
and the telephone receiver test combined, and 
in less time than any of them. 


It is designed for use with a 6 volt storage 
battery. Connecting a bank of lamps in series 
with it, equips the Tester to work on any 
ordinary direct or alternating current. Max- 
imum current is 14 to 1 ampere. 


The testing method is explained under illus- 
tration. So long as the armature coils are in 
good condition, the receiver gives a uniform 
loudness, An open circuit is indicated by a 
sudden, marked increase in loudness, and a 
short circuit is indicated by an equally pro- 
nounced decrease in loudness. Reversed con- 
nections between the coils and commutator are 
endipatetl by a loud tone every second pair of 
Jars. 


When one rotation has been completed, a 
small switch is thrown, and a second rotation 
tests for grounds. In every kind of trouble— 
open circuit, short circuits, grounds, and 
reversed connections—the Tester picks out 
the bars to which the faulty windings are con- 
nected. Each coil is tested against several 
others, and the entire test requires only five 
minutes. 


Price Tester complete (wt. 15 Ibs. packed) 


ess all orders to A. L, Dyke, Electrical Dept., Granite Bldg., St. Louis, Mo. 
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